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Abstract Understanding and interpretation of some
features of buildings and monuments at public buildings
and utilities is one of the challenges facing end-users and
general public particularly the end-users and commuters
across the globe. These features shape the final outlook of
the buildings and monuments. Therefore, the end-users
and commuters understanding on these buildings and
monuments should not be ignored at both inception and
completion. This is because occupants ought to know how
buildings and monuments should look at completion since
they will be the end-users. This study assesses elements of
architectural design and interpretation of buildings and
monuments at public buildings and utilities within Kaduna
metropolis which was achieved through; the identification
and examination of the principles of architectural
intellectual appeal, determination of the current level of
understanding and interpretation of buildings and
monuments by end-users and general public. A total
number of 150 questionnaires were distributed to public
buildings and utilities users, commuters and general
public within Kaduna metropolis. They were asked to
demonstrate their level of understanding in interpreting of
buildings and monuments at public places and utilities
within Kaduna metropolis. A total of 81 questionnaires
were retrieved representing 54% of valid response rate
which were subsequently analyzed using descriptive
statistics with the aid of Statistical Package for Social
Sciences (SPSS) software. The study found that the level
of respondents understanding on the interpretation of
buildings and monuments as average. That is attributed to
the following reasons: difficulty in understanding and
interpretation of some building features and some
principles of architectural designs and intellectual appeal
as well as lack of using strategies that will enhance the
understanding of building features at project inception by
designers. Again, partial and complete neglect of end-users
by professionals in some projects has made it difficult for
them to understanding and interpret buildings and other
structures when completed. Lastly, low level of education

of some end-users, commuters and general public on
elements of architectural design is responsible for their
inability to understanding and interpret buildings and other
structures.

Keywords Intellectual Appeal, Public Buildings,
Monuments, End-users, Commuters and General Public

1. Introduction

Buildings and other structures (monuments) are
structures that have such architectural or historical
significance that have received legal protection. A
functional building must comprise the following features:
uses, distinctive materials in its construction, was designed
by a notable person, was inhabited by a notable person, has
a close association with important historical events, is
situated within a particular historic environment and is
characteristic of a particular area (Art and Humanities
Research Council, 2014).

Looking at architecture can be one way to assess the date
of a building. Particular materials or features went in and
out of fashion over the passage of time, which can provide
a good clue as to when a building was constructed or
modified. It is also the case that some social groups were
associated with particular architectural styles. Architecture
sometimes tells us something very important about the
people who lived in or used buildings. There are a number
of good general guides and resources that can be used to
interpret any building or structure which is listed below.

The first step is to consider what strikes you as being
distinctive about the building. Are there any features which
stand out? Are there any parts of the building in which the
architect or builder has shown a little bit of creative flair?

If you are not sure what to look at, then perhaps run
through the following questions.

i. What are the walls made out of?



Elements of Architectural Design and Interpretation of Buildings and Monuments in Kaduna State

. What does the roof look like?

iil. Are there any windows? If so, how many?

iv. What do the window frames look like?

v. Are there any arches? What do they look like?
Vi. Are there any columns?

Source: Pevner (2010)

Monuments

A monument is a type of structure that was explicitly
designed and built to commemorate a person or event, or
which has become important to a social group as a part of
their remembrance of historic times or cultural heritage, or
as an example of historic architecture. The monument is
often applied to buildings or structures that are considered
examples of Architectural and/or cultural heritage. For
example, Burj Khalifa in Dubai, India Gate, Titanic
memorial, Belfast, Pyramids of Egypt, Benin Bronze
Heads, Ogbunike caves, The Kano city walls, Arometa and
Three white cap chiefs (Farlex, 2013).

Cultural Heritage refers to monuments, groups of
buildings and sites of heritage value, constituting the
historic or built environment. Furthermore, recording is the
capture of information which describes the physical
configuration, condition and use of monuments, groups of
buildings and sites, at points in time, and it is an essential
part of the conservation process.

Records of monuments, groups of buildings and sites
may include tangible as well as intangible evidence, and
constitute a part of the documentation that can contribute to
an understanding of the heritage and its related values.
(International Council On Monuments and Sites, 1996)

Based on the foregoing, it can be observed that
understanding and interpretation of buildings and
monuments by end-users and commuters in Nigeria is an
important area albeit with some challenges.

Challenges Facing End-Users, Commuters and
General Public in Understanding and Interpretation of
Buildings and Monuments

Understanding and interpretation of buildings and
monuments at public places and utilities is one of the
challenges facing end-users and other commuters across
the globe (Davidson, 2003; Pevner, 2010). Elements of
architectural designs and some futures shape the final
outlook of buildings and monuments (Singh and Singh
2012). So in view of that, end-users, commuters and
general publics’ understanding of elements of architectural
designs and some building features should not be ignored
at both inception and completion stages of construction
projects. This is because occupants ought to know how
buildings and monuments would look like at the
completion of projects since they will be the ones to use
these structures. Following that, studies have identified and
suggested the use of some elements of architectural designs
and intellectual appeal, and some building futures

182

(International Council On Monuments and Sites, 1996;
Singh and Singh 2012; Art and Humanities Research
Council, 2014).

However, studies have done little in investigating the
foregoing in Nigeria, specifically within Kaduna
metropolis with a view to determining the current level of
understanding and interpretation of buildings and
monuments by end-users, commuters and general public
as the research population. To this end, this study assesses
elements of architectural design and interpretation of
buildings and monuments at public places and utilities
within Kaduna metropolis which was achieved through,
identification and examination of the principles of
architectural intellectual appeal, determination of the
current level of understanding and interpretation of
buildings and monuments by users, commuters and general
public in Kaduna metropolis.

Research Questions

i. What are the principles of architectural intellectual
appeal?

il. What is the current level of understanding and
interpretation of buildings and monuments by
end-users, commuters and the general public?

Scope

Respondents (end-users, commuters and general public)
were chosen because they are one of the key stakeholders
that are really concerned with these buildings and
structures within Kaduna metropolis. Furthermore,
end-users, commuters and general public are considered
because these buildings and structures are meant for them
to use for their day to day business.

The issue of logistic limited the number of the
questionnaires that were administered. And this is
supported statistically since it is possible to represent a
population based on a number of samples (Abdullahi,
2014).

Limitations

The accuracy of the findings determined in this study is
limited to the accuracy of data supplied by the
respondents in the questionnaire. In general, the research
sample was relatively adequate, because it was drawn
using a convenient sampling technique which could affect
the generalization of the findings.

2. Literature Review

Elements of Architectural Design

Over the ages, man has constructed various types of
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buildings such as palaces, tombs, cottages and places of
worship. These buildings and structures reveal many things
such as nature of construction, way of life, liking of the
people, building materials which were known to them and
effects of outsiders who have been invading and ruling the
region. To these structures the name Architecture has been
given. Architecture has been defined in many ways. Some
people have defined Architecture as static and creative art.
It may be regarded as the procedure associated with the
conception of an idea and its realization in terms of
building and Architecture (Art and Humanities Research
Council, 2014).

Basis for Development of Architecture

Fear, love, death and hope, amongst other things, have
been the basis for the development of architecture (Singh &
Singh, 2012).

Fear: From primitive times the man has been trying to
protect himself from attacks of wild animals and rigorous
weather.

Love: Instinct of love gave birth to many monumental
works like the Taj Mahal in India.

Death: Death also has been responsible for many
architectural constructions. So many historical tombs are
examples of these monuments.

Hope: Pyramids and places of worship have come up out
of shear false hopes of the man.

These buildings and structures are built based on age
long and universally acclaimed principles of intellectual
appeal.

Principles of Architectural Intellectual Appeal

A building right from stage of sketch designs to the stage
of its completion needs a programme and organized
process. Furthermore, a building is the space organization
for utility and is a result of collaboration of various
construction materials. The principles of architectural
intellectual appeal are:

i. Unity: This means harmony among elements of
building which cannot be split from each other. It is
that expedient of composition which gives
coherence of the parts and integrity of the whole
structure

il. Contrast or Physical appeal: This means absence of

monotony. It also deals with creating interest and
exhibiting variety. A well-conceived contrast can
be in form of size, tone, line and shape. However, if
contrast is poorly applied, it may result in multiple
divisions of expression and cause serious harm to
unity.

Proportion: This is largely a matter of relationship.
It is not the actual size but the relative size of one
form to another perceivable through comparison
which the eye can make between the size, shape,

iil.
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direction and tone of the various elements of
composition.

iv. Scale: This means the relation of several parts to
one another and to the whole from the aspect of size.
Proper scale is not only essential for better result of
proportion but it is considered as desirable quality
in architecture and as better means toward unity.

v. Balance: This is the equality of mass about axis of
reference. There must be balance about axis of
reference. On the basis of proper balance in
composition harmony and weighed adjustment of
different masses can develop and satisfy viewers
with reference to relative importance of the various
elements of the design. In terms of balance, a
building, monument or any other structure can be
symmetrical or asymmetrical.

Vi. Rhythm: This is the essentially a repetition of

pattern. Repeating elements may not be spaced at

equal intervals. It is more powerful in appealing to
human sense than scale

Character or Expression of purpose: This is

referred to as a style. This is the culmination of all

such principles in building or structure. In addition
to the foregoing, there are other features for
examining buildings and other structures.

Vil.

Features for Examining Buildings and Other
Structures

Table 2.1. Features for examining buildings and other structures

Is the door at ground level or raised? Is it
flanked by columns, or with a portico
above it? Is the door glazed?

Are the windows glazed? If so, are the
panes large or small? Are there shutters?
Are the window frames made from wood,
plastic or metal? Is the top of the window
square, rounded or arched? Is the window
broken up by any interior features, such as
smaller stone arches?

Is the roof flat, curved or ridge-shaped? Is
it of a simple construction, or does it have
multiple gables?

Stone or brick? Or perhaps timber framed?
Has plaster been applied to improve the
appearance? What is the pattern in the
brick work? Is the stone rough or smooth?
Does the ground plan suggest that new
additions have been made? Have you
compared maps and plans from different
dates? Can you think of any reasons why
the ground plan is as it is?

Are there features on the outside of the
building which don’t appear to serve any
particular structural purpose? Is there
plaster which has patterns in it? Or a date
plaque? Does the building have a name?
Are there any patterns in the brick or
stone?

Source: Pevner’s Architectural Glossary (2010); Davidson (2003)

Doors

Windows

Roof

Walls

Ground plan

External decoration
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This depends on the building, but the following set out
some features for understanding and interpretation of
buildings.

Other Features that Aid Understanding and
Interpretation of Buildings

Building Materials

It is not just architecture that can tell us something
important about the history of buildings. By paying
attention to the materials employed in their construction,
some important insights into how and why they were built
can be seen. For instance, imagine that you are studying an
old house. Is it built out of stone or brick? Is the roof
thatched, tiled or slated? Where did these materials come
from? Why did the builders decide to use them? How
unusual was their choice? Answering these questions
might help to generate some important insights. Examining
buildings can tell something about the structures
themselves. But it may also permit to gain insights into the
surrounding environment. For instance, if a particular type
of stone is often used as a building material in an area, then
this might offer an important clue about the local geology.
Aside the architecture that conveys something important
about history, the following are other features that aid
understanding and interpretation of buildings and
monuments: brick and stone work, brickwork bonds, roof
materials, pantiles, glass, metalwork, gravestones,
monuments and war memorials. This is because they
communicate supplementary information on sole intended
purpose of building structures and monuments which
cannot be conveyed by mere architecture (Art and
Humanities Research Council, 2014).

Summary

In general, most of the literature reviewed in this study
focus attention on identifying elements of architectural
design and interpretation, principles of Architectural
intellectual, features used in examining buildings and other
structures and guidelines that help the understanding and
interpretation of buildings and other structures.

Gap/Outstanding issue

Understanding and interpretation of buildings and
monuments at public places and utilities is one of the
challenges facing end-users, other commuters and general
public across the globe. Following that, studies have been
carried on elements of Architectural design and
interpretation, principles of Architectural intellectual,
features for examining buildings and other structures, and
guidelines enhancing the understanding and interpretation
of buildings and other structures. However, literature has
never investigated this challenge facing end-users in
Nigeria, particularly within Kaduna metropolis.
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3. Methodology

Research Approach

A quantitative research approach was employed using
questionnaire survey for this study. Quantitative research
deals with the collection and analysis of data in numeric
form or nature (Hughes, 2006). The questionnaire survey
helped in getting the needed data for the purpose of
actualizing the research objectives by evaluating the data
using suitable statistical analytical tools.

Fellows and Liu (1999) stated that quantitative research
approach is suitable for collecting data and in examining
relationships between facts and help in linking those facts
with theories and findings of any research carried out. It
deals with measurable and quantifiable issues under
research. Furthermore, it also deals with aspects for the
measurement of quantity and amount (Eboh, 2009).
Quantitative  research  approaches wused scientific
techniques to obtain measurements (quantified data) from
social surveys such as; questionnaires, interview surveys,
telephone survey etc. Lastly, reason of adopting
quantitative research approach was to help in achieving
the research objectives.

Data Collection Method

In order to achieve the aim of this research, data was
collected via the following:

Literature review

The research first started with the review of relevant
literature. Specifically, extensive literature review of
elements of architectural design and interpretation,
principles of architectural intellectual appeal, features used
in examining buildings and other structures and guidelines
that help the understanding and interpretation of buildings
and other structures. The principles of architectural
intellectual appeal (i.e. unity, contrast, proportion, scale,
balance, rhythm and character). This was done purposely
to compile the list of principles established around the
globe. The review focused on primary sources of data
such as journal articles and conference papers. Based on
the literature reviewed, lists of seven (7) principles were
found to be important in enhancing the understanding and
interpretation of buildings and other structures (Singh and
Singh, 2012). The principles of architectural intellectual
(i.e. unity, contrast, proportion, scale, balance rhythm and
character) compiled were used to design a structured
questionnaire used to collect data from the field.

Questionnaire survey

The principles of architectural intellectual appeal, viz:
unity, contrast, proportion, scale, balance rhythm and
character identified were used to construct a structured
questionnaire used for field survey. The questionnaire



185

survey assessed the level of criticality of the project
success factors identified in literature. Naom (1998),
Enshassi et al. (2010) stated that the questionnaire is a
widely used approach for descriptive and analytical
surveys to find out the facts, opinions and views of
respondents. Questionnaires are structured in a precise and
concise way in order to avoid ambiguity and checked for
expression. Another reason for chosen questionnaire
survey is because it offers researchers the opportunity to
reach a large number of potential respondents in different
locations (Russell, 2006). In general, questionnaire survey
helps in collecting information on facts, activities, level of
knowledge, opinions, expectations and aspirations,
membership of various groups, and attitudes and
perceptions relevant to the study (Siniscalco and Auriat,
1998).

As the aim of the research was to “assess elements of
architectural design and interpretation of buildings and
monuments at public places and utilities within Kaduna
metropolis”, the focus of the questionnaire survey was to
establish the current level of wunderstanding and
interpretation of buildings and monuments by users,
commuters and general public in Kaduna metropolis.

The questionnaire comprised of two sections (A and B).
Section ‘A’ deals with profile of the respondents such as
type/category, experience and qualification. This
background information helps in ascertaining the
reliability and credibility of data from the survey. Section
(B) deals with ratings of the current level of understanding
and interpretation of buildings and monuments by users,
commuters and general public in Kaduna metropolis.
Based on the ratings for the level of understanding and
interpretation of buildings and monuments by users,
commuters and general public in Kaduna metropolis of
those principles, Likert rating scale was employed. Likert
scale was employed because it generally includes an equal
number of positively and negatively phrased statements.

The principles of Architectural intellectual (i.e. unity,
contrast, proportion, scale, balance rhythm and character)
were rated based on level of understanding of respondents
(end-users, commuters and general public) on a five (5)
points likert rating scale of 1 to 5, 1 being too low and 5
being very high where;

1= too low

2= low

3=average

4= high

5=very high

Population of the Study

A finite population is a collection of a known number
of identifiable units. In this case, the known number is
called the population size. The population of this study
consists of three categories of respondents; end-users,
commuters and general public. Samples were drawn from
the target population to get the desired information to
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evaluate the elements of architectural design and
interpretation of buildings and monuments at public places
and utilities within Kaduna metropolis.

Sample

Inferences about the population can be made on the
basis of a properly designed and well selected sample. A
sample is a fraction or a subset of the population. Samples
are usually drawn with the aim of estimating the
population parameters. Sampling is the act of drawing
samples from the population; it essentially saves time and
cost. Usually some units are selected from the entire units
of the population. In this case, the selected units are called
the sample size. Moreover, in this research, samples were
drawn from the target population based on a statistically
determined, efficient sample size so as to estimate some
parameters of the population. The estimated population
quantities were then used to evaluate the elements of
architectural design and interpretation of buildings and
monuments at public places and utilities within Kaduna
metropolis.

Sample Size

The determination of sample size is a common task for
many empirical researchers. Inappropriate, inadequate, or
excessive sample sizes continue to influence the quality
and accuracy of research. A formula for selecting the
sample size for a research problem based on a level of
significance and a chosen margin of error was proposed by
Cochran (1977) and Levy and Lemeshow (2008). In order
to obtain the most efficient, representative sample, for our
research, we use the following Cochran’s formula for
sample size determination.

2
Z
n= al2
%)
Where;

n=Sample size to be determined

6 =0.08 (The chosen margin of error for the survey)
The value of the standard normal ordinate at &% level

of significance is Z,,,. At the 5% level of significance

Z,,=Zyps =1.96 . The sample size is finally

determined as follows.

2 2
Z 1.96
n=|"e2 | = =150
20 2x0.08
That is, we need a sample size of at least /50 to arrive at
a sample with a sampling error of at most 8%.

Stratified Random Sampling

Since the total number of targeted respondents for this
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study is not known, a survey sampling was used. In survey
sampling, it may be desirable or even necessary to divide
the population into several subpopulations or strata in order
to estimate population parameters. In stratified random
sampling, the population units are divided into a number of
strata. Samples of predetermined sizes are drawn
independently from each stratum by simple random
sampling.

In this research work, the necessity of stratification is
due to administrative convenience, field operations and
increase in precision of survey results. Thus for
administrative  convenience, three categories of
respondents: end-users, commuters and the general public
are each treated as a stratum. Then to assess elements of
architectural design and interpretation of buildings and
monuments at public places and utilities within Kaduna
metropolis, we select samples from each stratum. Since a
stratified sample consists of units selected separately from
each stratum, such a sample is expected to be better
representation of the population than a simple random
sample selected from the entire population (Levy and
Lemeshow, 2008). The following table summarizes the
sample size allocation in this stratified random sampling:

Table 3.1. Sample sizes in each stratum
Strata (Type of .

Respondents) Sample size

End users 50

Commuters 50

General public 50

Total 150

Sampling Strategy

An effective strategy reduced non response, response
error and respondents’ bias to the barest minimum. In this
strategy, the questionnaires not returned or not properly
filled are replaced with new ones in order to maintain an
effective sample size of 150. This is a strategy of
minimizing non response. This is because a respondent
must respond to all the questions in the questionnaires for
his response to be validly analyzed. An effective sample
size of at least 150 must also be maintained in order to
control the sampling variability. In the data collection
process, non-response could be minimized with adequate
follow-up as much as possible. In spite of the follow-up,
some non-response cases might still be recorded which
could only be overcome by extending the sample size
sequentially until the desired number of respondents was
covered.

Questionnaire

A total of 150 questionnaires were administered to
respondents (end-users, commuters and the general public)
at public buildings and utilities within Kaduna. Some
public buildings and utilities within Kaduna metropolis
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were considered because they serve as platform for easy
access to most of the respondents as it was not possible to
cover the whole of Nigeria in the study. It is possible to use
the most representative sample size in research to get a
valid and reliable result that can be generalized in the
universe (Abdullahi, 2014). Out of the 150 questionnaire
distributed, eighty-one (81) were completed and returned
representing 54% valid response rate. Data collected were
analyzed using descriptive analytical tool with the aid of
Soft Package for Social Sciences (SPSS).

Data Presentation and Analysis

The data obtained from the questionnaire survey were
presented using frequencies and percentages.

Descriptive Statistics

Weighted means and standard deviations were used in
rating the current level of understanding and interpretation
of buildings and monuments by users, commuters and
general public in Kaduna metropolis.

4. Data Presentation

Survey on Respondents’ Status

The responses from the survey are as follows:
thirty-seven (37) formed the responses from end-users;
twenty-six (26) formed the responses from commuters, and
eighteen (18) form responses from the general public. The
response can be presented in the following percentages:
end-users formed 45.68%, commuters formed 32.09% and
the general public formed 22.23%. The distribution of data
collection by respondents’ status shows that there was
wider coverage in capturing respondents’ views and
opinions.

Survey on Respondents’ Qualifications

The data collection on qualification shows that the
respondents with  Senior Secondary Examination
Certificate form 20.88%, National Diploma (ND) form
18.3% and Higher National Diploma (HND) form 17.16%.
Respondents with Bachelor of Science (BSc) form 23.56%,
respondents with Master of Science (MSc) form 16.98%
and respondents with Doctor of Philosophy (PhD) form
3.12%. That shows majority of the respondents have
reasonably educated. Based on that, it can be concluded
that majority of the respondents are educated. That would
further authenticate the reliability and validity of data
obtained from the survey.

Survey on Respondents’ Years of Familiarization with
Buildings/Structures

The distribution of data collection by respondents’ years
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of familiarization with buildings/structures shows that
respondents with 5-10years form 20.33%, 11-15years form
34.33%, 16-20years form 25.00% and above 20years form
20.34%. That has shown majority of the respondents are
familiar with the buildings and structured surveyed in this
study. That has also helped the validity and reliability of
data obtained in this study.

The following are some additional

suggestions made by the respondents:

* Most of the respondents easily interpreted the
design concepts of round-abouts.

¢ Monuments are easier to interpret compared to
buildings.

¢ Designers need to develop strategies that will make
enhance the understanding of building features at
project inception.

e  Partial and complete neglect of end-users by
professionals in some projects has made it difficult
for them to understanding and interpret buildings
and other structures when completed.

e Low level of knowledge of some end-users,
commuters and general public on elements of
architectural design and intellectual appeal is
responsible for their inability in understanding and
interpretation of some features in buildings and
other structures.

comments/

5. Data Analysis

Assessment of Weighted Means and Standard
Deviation (SD) on the Current Level of Understanding
and Interpretation of Buildings and Monuments by
Respondents within Kaduna Metropolis

The rating made by respondents on their current level of
understanding and interpretation of buildings and
monuments are in descending order. The results are as
follows: unity, contrast, proportion, scale, balance, rhythm
and character. In general, the results show that the current
level of understanding and interpretation of buildings and
monuments of Kaduna metropolis as “average”. This is
because most of the ratings on the level of current level of
understanding and interpretation of buildings and
monuments are made within the range of 2.51-3.23.

The standard deviation values calculated for these
principles are below 1.00: unity, contrast, proportion, scale,
balance and character. The low standard deviation values
obtained which are below 1.00 for principles show that the
ranking were made clustered around the mean values. That
signifies the respondents ranking on those set of tools/ways
is consistent. That shows a kind of agreement on the
respondents ranking. But the highest standard deviation
values obtained for this principle which is above 1.00 on
rhythm show that the respondents have a disagreement on
that. This is because the overall respondents’ ranking on
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their current level of understanding and interpretation of
buildings and monuments within Kaduna metropolis was
not made clustered around the mean values.

Table 4.1. Weighted Means and SD on the current level of
understanding and interpretation of buildings and monuments within
Kaduna metropolis

Principles Mean Standard deviation Rank
Unity 323 0.127893 1
Contrast 3.19 0.534110 2
Proportion 3.06 0.109024 3
Scale 2.87 0.412589 4
Balance 2.63 0.890001 5
Rhythm 2.59 1.018845 6
Character 2.51 0.607890 7

Very High (VH) = (4.5-5), High, (H) = (3.5-4.4), Average (A)=
(2.55-3.49), Low(L)=(1.5-2.49), To Low (TL)= (0.00-1.49)

Source: Field work 2017

6. Discussion of Findings

The results show that, the current level of understanding
and interpretation of buildings and monuments as average.
This is because most of ranking made by the respondents
(end-users, commuters and general public) on their current
level of understanding and interpretation of buildings and
monuments within Kaduna metropolis are within the range
of 2.55-3.49. This range falls within the average ratings as
highlighted in table 4.1. The results conform to assertions
made by Davidson (2003); Pevner (2010); Singh and Singh
(2012) who  Dbelieved that enhancing stakeholders
understanding and interpretation of some buildings
features and element of architectural designs and
intellectual appeal is an area that requires effort. This effort
is aimed at using these principles and tools toward
enhancing stakeholders understanding and interpretation of
buildings and other structures. Based on the results
obtained, it can be observed that the key stakeholders
considered were not adequately engaged at the projects
inception of these buildings and structures surveyed in this
study. This is because the overall results obtained for their
understanding of those principles is average. The
respondents’ disagreement in their ranking on this
principle (rhythm) may be linked to their perception and
divergent views because of their status and interest in this
area.

7. Conclusions

It was found that the current level of understanding and
interpretation of buildings and monuments as average. This
is attributed to the following reasons pointed out in the
study: difficulty in understanding and interpretation of
some building features and elements of architectural
designs and intellectual appeal, lack of using strategies that
will enhance the understanding of building features at
project inception. Again, partial and complete neglect of
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end-users by professionals in some projects have made it
difficult for them to understanding and interpret buildings
and other structures when completed. Lastly, low level of
knowledge of some end-users, commuters and the general
public on the principles of intellectual appeal is responsible
for their inability to fully understand and interpret
buildings and other structures.

8. Recommendations

In view of the findings of this research work, there is the
need for adequate engagement of end users at project
inception stage with a view to enhancing their
understanding and interpretations on principles of
intellectual appeal of buildings and other structure.

9. Recommended Areas for Further
Studies

1. Subsequent research work in this subject area
should determine more principles and tools that
will enhance the understanding and interpretation
of buildings and monuments.

il. Since the current level of end-users understanding
and interpretation of buildings and monuments is
average, attention should be focused more on how
to further enhancing their understanding of projects
before they commence.

iii. Designers should try as much as possible to
adequately engage end-users and other key
stakeholders of buildings and other structure
projects at inception stage.

iv. Specific  institutions,  organizations  and
neighborhoods in Kaduna should be studied to
validate the buildings.
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Abstract Over the past few years, several technology
trends, notably big data analytics, volunteered geographic
information, cloud computing, free and open source
software, internet of things, and linked data, have emerged.
This study reviews the contribution of some of these trends
to Spatial Data Infrastructure (SDI) development,
particularly in Africa. A geospatial application based on
Google Container Engine, an Infrastructure as a Service
cloud, has been developed. Data was sourced from the
2015 Kenya Certificate of Primary Education, the Kenya
school mapping project of 2007 from the Ministry of
Education, Science and Technology, and Kenya’s
administrative boundary layers from the Independent and
Electoral Boundaries Commission. By using the cloud,
several operations and analyses typically common in SDIs
were carried out. In addition, a cost estimate of a
cloud-based Kenya National Spatial Data Infrastructure
deployment is presented. Although the new technologies
may not necessarily lead to wider SDI adoption, the study
shows that the trends can increase the chances of SDI
development and adoption, by permitting highly scalable
geoservices, and facilitating cost-effective free and open
source software.

Keywords Cloud, Spatial Data Infrastructure, SDI,
GDI, Africa, KNSDI

1. Introduction

It is often argued that technical components are easier to
deal with than the non-technical ones when developing
SDIs [1]. Technology components, which are part of
technical components, include access networks, geoportals,
and technical standards.

In spite of being easier to deal with, a significant amount
of financial resources are often expended in technical
components. More significantly, technical components are
the most visible in SDIs, facilitating effective
communication with decision makers who are often keen to

ascertain their benefits using analysis techniques such as
cost-benefit analysis.

There are several other reasons why consideration of
technology components is important in SDIs. First,
distributed network access through various applications
and geoportals, is what makes spatial data more readily
available to the end users. Second, ICT is one of the major
drivers shaping and influencing SDIs. Third, the
identification of trends that impact SDI can help in the
development of policies to regulate and deal with any
emergent issues [2]. Fourth, the low level of web
connectivity and infrastructure in Africa could be
contributing to the reported slow rate of SDI development
[3].

Whilst some developing countries are still facing
difficulties with their national SDIs (NSDIs), the
technologies that support SDIs are advancing at a
breath-taking pace. For instance, since the United States
NSDI was initiated in the mid-nineties, data sharing
technologies have advanced significantly, rendering the
earlier SDIs almost obsolete [4]. Some researchers have
questioned the dominant top down model which tends to
render SDIs less capable of evolving with new trends [5],
[6].

Contemporary SDIs face many challenges, serving as a
stark reminder that SDI is complex and careful approach is
needed in its development. Some of the reported challenges
include: diverse user requirements which are often
demanding and unknown; the need for SDI to support new
and challenging functionality; user tasks which are
unfamiliar to application developers; the lack of SDI
interconnection and scalability; and reliance on ageing
technologies [5], [7]. Thus, an understanding of the nature
of the new trends may lead to better SDI development.

An SDI is useful if it has a significant and growing
number of users, which Diaz ef al [5] refer to as the
installed base. This may also help the SDI to gain
widespread usage and acceptance, be able to adapt easily to
newer technologies, and sustain itself in the long-run [5].
This implies that SDI development should be based on
adaptable frameworks and technologies.
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As at 2016, many African countries did not have mature
and functioning SDIs: critically, they still lacked strong
inter-agency coordination requisite for SDI development.
Furthermore, Africa was still characterized by slow SDI
development [8], which can be corroborated by the low
number of NSDI geoportals on the continent.

This situation gives rise to several problems. First, there
are very few NSDI geoportals in Africa, which SDI
practitioners can use as a reference point in SDI
development. The widespread availability of geoportals
can also be useful in several ways, such as informing SDI
practitioners of the key technologies and approaches to be
considered. Second, the current technology landscape is
characterized by rapid changes and choices, making it
difficult to select the optimal choice. Third, although many
successful national and regional geoportals are in operation,
such as the South African Spatial Data Infrastructure
(SASDI) and the Infrastructure for Spatial Information in
the European Community (INSPIRE), the selection of an
optimal technology choice may not be obvious.

The paper contributes to the SDI knowledgebase by
reviewing the potential of the new technology trends to
SDI development in Africa, with a view to answering the
research question: how can technology trends promote
development of SDI in Africa? Where possible, the
potential and challenges of these technologies are
reviewed.

After this introductory section, section 2 of the paper
reviews literature related to Information Technology (IT)
trends for SDI, focusing on the trends that African
countries can use to promote wider adoption of their NSDIs.
Section 3 discusses the methodology adopted in the study.
The results and discussions are presented in section 4.
Finally, section 5 outlines the conclusions from the study.

2. The IT Building Blocks of an SDI

2.1. Introduction

This section reviews literature on IT trends that have the
potential to contribute and positively influence SDI
development.

2.2. The IT Building Blocks of an SDI
2.2.1. Service Oriented Architecture (SOA)

SOA is a design pattern focusing on generic services that
can be reused across heterogencous and distributed
applications. [9]. Based on the notion that components can
be built as services, SOA facilitates the registration,
discovery, and binding of services to create new
applications.

There are two notable implementations of SOA: Simple
Object Access Protocol (SOAP), and Representational
State Transfer (REST). The latter is a set of architectural
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principles that transmit data over Hypertext Transfer
Protocol (HTTP) using request parameters, treating data as
a resource which in turn is represented uniquely by a
Uniform Resource Identifier (URI) [10]. SOAP, On the
other hand, is a specification used for exchanging
information in eXtensible Mark-up Language (XML)
format using the HTTP POST request.

Implementations based on REST tend to be less complex
than SOAP, implying that SDIs can derive more advantage
by adopting the REST approaches. Geography Mark-up
Language (GML) is the publication of spatial data
according to predefined data specifications, and is a
common data sharing format in SOA-based SDIs.

2.2.2. The Open Geospatial Consortium (OGC) Web
Services

Web services are self-describing and self-contained
applications that can be invoked over the internet through
HTTP using messages encoded in XML format [4]. The
OGC web services are [11]:

*  data visualization, such as Web Map Service
(WMS);

*  data services, such as Web Feature Service (WFS)
and Web Coverage Service (WCS);

e processing services, such as Web Processing Service
(WPS);

*  data presentation, such as Styled Layer Descriptor
(SLD);

*  querying and transport, such as GML;

e publication and discovery, such as Catalogue
Service for the Web (CSW); and

*  data storage, such as Web Map Context (WMC)

A few of these services are now discussed in the context
of SDI development.

2.2.3. Web Map Service (WMS)

WMS is an OGC standard for data visualization enabling
visual overlay of diverse geographic content over the
internet. The end product is a two-dimensional,
geo-referenced raster presented in a format such as
Portable Network Graphics (PNG), Joint Photographic
Experts Group File Interchange format (JPEG), and
Geographic Tagged Image File Format (GeoTiff) [10].
WMS may help in the discovery and visualization of
spatial data held in SDI catalogue services [2], since it can
be used to retrieve a rendered map that is ready for display
[11]. The key strength of WMS is that rendering takes
place on the server and the output is ready for display by
clients in an appropriate format.

2.2.4. Web Feature Service (WFS)

WES is a service designed for standardized request and
response of vector data. The service does not specify how
the data should be rendered, thus facilitating the sharing
and manipulation of geospatial data in an SDI. In other
words, WFS facilitates the raw access to geospatial
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information held in the SDI participatory databases [2], and
is thus suitable for selecting, adding, updating, deleting,
and filtering geospatial data. Unlike WMS which produces
a map ready for display, WFS provides access to the raw
vector data [10].

2.2.5. Web Coverage Service (WCS)

WCS does the same for raster data as WFS does for
vectors: it returns the raw raster data. WCS can be used for
request and response of coverage or a set of features in an
SDI. Examples of raster data that can be returned include
aerial photographs, satellite imagery, and space-varying
phenomena, such as elevation data [10]. WCS not only
provides access to raster data together with the detailed
characteristics of the data, but also a rich syntax for
requests and operations against the data, such as
interpretation and extrapolation [2].

2.2.6. Web Processing Service (WPS)

WPS is a paradigm shift from data providing services,
such as WCS and WEFS, to service providing services [11]
which can be used to publish and execute geo-processes
over the web [12]. It enables the dynamic binding, sharing,
publishing, discovery, and use of geo-processes in an SDI
[13]. WPS can also facilitate service chaining in an SDI,
enabling the orchestration of complex processes through a
sequence of sub-processes. Examples of WPS
implementations are the Java-based  52°North
(www.52north.org/wps) and the Python-based PyWPS
(www.pywps.org/) [12]. Both implement the WPS OGC
standard, enabling standard deployment of geo-processes.
An SDI could deploy both implementations, thus enabling
developers to contribute processes developed in different
programming languages and frameworks.

2.2.7. Other Services

Whilst services such as search, visualization, and access
are essential to SDI [2], other services that are often needed
in SDIs are application, catalogue or registry, portrayal,
and processing services. Most of these services are fairly
standard, and are offered as frameworks and services in
most software for deploying SDIs.

2.3. Geoportals

The word portal originates from the Latin word porta,
which means doorway, gate, or entrance. Thus, web portals
are web sites that act as a gateway to an assortment of
information resources, such as datasets and catalogues [4].
Similarly, geoportals (or geospatial portals) are gateways
to geospatial content.

Sometimes referred to as clearinghouse portals [14],
geoportals are sites where geospatial resources (such as
spatial data and services) can be published and later
discovered [4], making it easier for users to find, access,
and use the resources. Geoportals are an essential and
highly noticeable component of an SDI, serving as an entry
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point to the SDI.

A geoportal is typically used as a single window into the
SDI [2]. From a technology point of view, the ideal SDI has
a distributed architecture, exposing a variety of data and
services contributed by diverse organizations. This enables
detached systems to collaborate and communicate with
each other [6]. Standardized web services provide the
foundation for interaction amongst applications, allowing
users and even other applications to contribute, search,
access, exchange, and use the content.

2.4. The Software Architecture of an SDI

Software architecture can be described as the structure of
a system, usually formed by software elements or
components, and their properties, interrelationships and
relationship with their environment [15]. The software
architecture of most contemporary SDIs is based on the
Reference Model of Open Distributed Processing
(RM-ODP) standard [16]. RM-ODP, an international
standard providing a conceptual framework for
architecting open, distributed and complex systems in an
incremental manner, is jointly developed by the
International Organization for Standardization and the
International Electro-technical Commission.
RM-ODP defines five viewpoints on the system and its
environment [16]:
*  enterprise: dwells on the scope, purpose and policies
of the system;
*  information: is concerned with the semantics of the
information and processing performed;
*  computational: deals with the functional breakdown
of the system into interacting objects;
*  engineering: specifies the mechanisms supporting
distributed interaction between components; and
*  technology: focuses on technology choices in the
system.

The software architecture of an SDI is an important
consideration to the extent that it facilitates its structured
design and better understanding. Normally, the architecture
is documented by a set of views, viewtypes, and styles [15].

Whereas views are representations of elements or
components and their relationships, viewtypes are allowed
element and relationship types. A style is a special
viewtype that may define general semantics. For example,
it may specify that only certain elements and relationships
from a viewtype are allowed.

RM-ODP defines views or representation of elements in
a distributed system, and provides a concrete architectural
basis upon which SDIs can be developed [2]. Ideally, the
specification of software architecture is required prior to
the commencement of SDI development.

2.5. IT Trends influencing SDIs

There are several technology trends, which have
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potential to offer new approaches supporting better
development of SDIs. These approaches include Internet of
Things (I0T), Linked Data, the Semantic Web, and Cloud
Computing. This section expounds on some of these trends.

2.5.1. Internet of Things

IoT usually involves sensors embedded in appliances
and electronic devices, which can be connected to each
other through bluetooth, mobile, or wireless fidelity (WIFI)
networks [17]. Real-time and high-spatial-resolution data
can be provided by various geo-sensors, ranging from
weather stations, to marine sensors, unmanned aerial
vehicles, and satellites. To integrate such geo-sensors into
SDIs, the Sensor Web Enablement (SWE) standard has
been developed by the OGC [5].

IoT facilitates improved means for collecting and
accessing near real-time information, and can therefore
significantly contribute to SDIs by facilitating timely
spatial data.

2.5.2. Linked Data

Linked Data refers to a set of practices for publishing
and connecting structured data on the semantic web. It
involves a representation of data using a framework known
as the Resource Description Framework (RDF) [18].

Linked Data facilitates the linking of data to other data,
thus contextualizing and adding value to the existing data.
Whilst the World Wide Web (WWW) is a web of
interlinked documents using Hypertext Mark-up Language
(HTML), the semantic web is a network of interlinked data
based on RDF [19].

Linked Data is supported by four principles:-

*  the use of URIs as a mechanism to name resources
on the web;

e the use of HTTP URI’s to look up names of the
resources;

*  lookup of data using RDF and Simple Protocol and
RDF Query Language (SPARQL); and

*  the use of links to URI’s allowing discovery of more
things.

Linked Data differs from GML in that the former
facilitates an open publication environment in which
additional information and data from other sources can be
easily linked. It is possible to transform existing GML data
into RDF using eXtensible Stylesheet Language (XSLT),
which may facilitate the publication of geospatial data as
Linked Data in contemporary SDIs [19].

According to Diaz et al [5], Linked Data offers several
benefits to SDIs, including: simplified integration of
heterogeneous data through shared vocabularies, which
increases the availability of information resources;
improved means for encoding, describing, and interlinking
data, thereby improving access to data through links and
crawling mechanisms; and a uniform model for data and
metadata, which improves the descriptions and quality of
spatial data resources.

Technology Trends for Spatial Data Infrastructure in Africa

2.5.3. Big Data

The term Big Data became accepted around the year
2010, although it may have existed before under different
terminology. Generally, it refers to the high-volume,
high-velocity, high-variety, high-veracity, and high-value
information that require new ways of processing [20]. Big
Data may contribute to SDIs by providing [21]:

e storage and processing of geospatial content through
cloud computing;

* anew source of innovation leading to new geospatial
solutions; and

e new bodies of knowledge and scientific
communities, and new specialized conferences

Big Data often comes from the cloud, and conversely
SDIs may contribute to it as follows:
e creation of new analytical possibilities and the
discovery of new facts;
e location reference, as an integrator/aggregator with
other information sources; and
e geo-visualization, providing analysis and insights

2.5.4. Open Data

Open Data can be classified into several ways, including
geospatial, government, scientific, and historical open data.
It is the initiative and idea of universal free accessibility
and availability of data. Generally, open data makes data
more accessible for use to other purposes than it was
intended. Data is considered ‘open’ if anyone can freely
use, reuse, and even redistribute the content [22].

Although SDI and Open Data overlap and complement
each other, the main difference between them is that
agreements on commonly used standards and are widely
missing in the latter. In addition, Open Data tends to focus
on content rather than on infrastructure and interoperability,
the key tenets of an SDI.

2.5.5. Cloud Computing

Cloud Computing describes an approach in which
applications, services, and datasets are no longer located on
local computers, but distributed over remote facilities [5].
It is an evolution from technologies such as virtualization,
grid, and utility computing [23]. A grid is a network of
spatially distributed computation or data resources,
accessible via open and standardized interfaces [13]. On
the other hand, virtualization is an abstraction process that
creates a virtual, rather than real, instance of a resource,
such as an operating system. Cloud Computing is a
facilitator of other emerging trends, such as Big Data [21].

Clouds can be deployed as private, operated solely for
one organization; public, hosted offsite in a shared manner
and made available to the general public, and hybrid, a
combination of private and public clouds, bound together
by open or proprietary technologies. Cloud provides a
means to host and serve a large volume of data and
computing resources without significant capital investment
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[18]. This is particularly attractive to countries with limited
financial and human resources.

Cloud Computing can provide a flexible and transparent
access to resources such as software, hardware, data,
computation, and storage [2]. Clouds can be deployed at
three service levels, which are, in decreasing order of
control, and increasing order of security [23]:

*  Infrastructure as a Service (laaS) offers complete
access to basic computational facilities, such as
hardware and virtual machines (VM). Users have
full control over the facilities, including storage,
operating systems, and applications. Examples of
IaaS include the Amazon Elastic Compute Cloud
(EC2) and Simple Storage Service (S3).

*  Platform as a Service (PaaS) offers runtime
environments - such as databases, operating systems,
web services, and application frameworks, security
mechanisms, and middleware as a service in which
users can develop custom applications developed
using programming languages and tools supported
by the platform. Examples are Google App Engine
(GAE), Microsoft Azure Engine, and GroundOS.

e Software as a Service (SaaS) offers ready to use
applications delivered as a service. This differs
markedly from the traditional on premise software in
that users run the applications in the cloud without
managing the hardware infrastructure or platform.
Esri’s ArcGIS Online and Salesforce.com CRM are
examples of SaaS clouds.

Other than IaaS, PaaS, and SaaS clouds, Data as a
Service (DaaS) is a cloud service typically essential for
geospatial applications due to the large volume of data
involved. DaaS is usually implemented within a SaaS,
PaaS, or IaaS, to provide data within applications
supporting the discovery, access, manipulation, and use of
the data. Google Maps is an example of a DaaS.

Cloud Computing presents two major benefits to SDIs:
simplified deployment and maintenance of SDI services,
hence increased number of content offerings; and reduced
costs of providing content and applications, hence
increased quality of service [5]. Other benefits include:
demand for framework data, which is best provided
through cloud services; the increasing need for high
volume datasets, and the high computational requirements
of SDIs [2]. Despite their numerous benefits, there are
several limitations of Cloud Computing, including reduced
security, availability, privacy, integrity, confidentiality,
legal concerns, and liability [2], [23].

2.5.6. Volunteered Geographic Information (VGI)

VGI can be defined as the use of content generated by
users in the geospatial domain [2]. VGI typically involves
an active user community, playing a more influential or
organized role in data collection and correction. In addition,
VGI can act as a valuable mechanism to promote public
participation, thus engaging and empowering citizens [18].
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User generated content can also help local communities
generate and access spatial data especially where powerful
entities such as the Government, large corporations, and
individuals have commoditized data [22]. This tendency
reduces the accessibility of the data, a fundamental
problem to SDI development in Africa. Thus, VGI can be
used to alter the relative power that traditional producers of
data hold, while facilitating avenues for local communities
to influence change.

SDIs can benefit from VGI in several ways. Content
produced by citizens is cost effective since the local
knowledge, skills and expertise is utilized. Besides, VGI
offers the ability to access real-time data thus enhancing
the timeliness of the content.

An active user community is one of the requirements of
successful SDI development, and VGI encourages
participation. VGI has been successfully used during
disasters, such as the Haiti’s earthquake in 2010 [24]. Like
other emerging technologies, VGI is associated with
several risks such as poor data quality, legal issues, and
security concerns.

2.5.7. Free and Open Source Software (FOSS)

The motivation behind free software is freedom, akin to
freedom of speech, and not free-of-cost advantages. Free
software grants the freedom of use, modification and
redistribution while proprietary software takes the freedom
away [10]. The term Open Source means the availability of
the software’s source code, with a license authorizing
anyone to use, modify, and even redistribute the software.

In countries where development of SDIs is in the early
stages, availability of FOSS offers a genuine alternative to
costly proprietary software [18]. The drawback with FOSS
is that the ongoing maintenance and training skills have to
be developed internally, necessitating the need for higher
qualified Geospatial and IT personnel.

FOSS wused for geospatial applications may be
categorized as: Desktop Geographic Information Systems
(GIS), Spatial Database Management Systems (DBMS),
Web Map Servers, Server GIS, Web GIS clients, Mobile
GIS, Libraries, GIS Extensions, Plug-ins and Application
Programming Interfaces (APIs), Remote Sensing Software,
and Exploratory Spatial Data Analysis (ESDA) software
[10].

The open source geospatial community has a
well-established arrangement through the Open Source
Geospatial Foundation and a vibrant user community
championing its use and development [18]. To date, FOSS
is experiencing an increasing level of collaboration [10],
resulting in projects such as the Java Topology Suite (JTS),
Geometry Engine - Open Source (GEOS), and
NetTopologySuite (NTS), as well as interoperability
libraries such as Geospatial Data Abstraction Library
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(GDAL). With the introduction of OGC standards, these
projects are striving for compatibility with each other.

3. Methods

3.1. Introduction

This section outlines the methodology, which involves
development of a geospatial application that maps the
performance of a key national examination in Kenya, the
Kenya Certificate of Primary Education (KCPE). This
examination was conducted in 2015, and involved 938,738
candidates in 25,121 schools.

The application aims to demonstrate the technology
trends suitable for SDI development in Africa, which
practitioners can use as a reference. Ideally, the application
should have been developed within the context of an
existing SDI geoportal, which unfortunately did not exist in
the study context in 2016.

The application uses the Ministry of Education, Science
and Technology (MOEST) datasets which were chosen due
to their higher availability. The datasets include the
geographical locations of schools taken from the national
school mapping project of 2007. Administrative
boundaries, such as constituencies and counties from the
Independent Electoral and Boundaries Commission
(IEBC), are also used.

3.2. Description of the Methodology

The application utilizes contemporary technologies,
such as cloud computing, to demonstrate some of the
technology trends that can be used to support SDI
development in Africa. Thus, the application is not a
complete SDI geoportal, but a demonstration of the
concepts based on new technology trends.

One of the most important considerations is choice of a
cloud platform. There are several types of clouds, such as
Google Cloud Services (GCS), Amazon Web Services
(AWS), and Microsoft Azure Engine. GCS is preferred for
several reasons. First, it is a flexible and powerful cloud,
facilitating Google Compute Engine (GCE), Google
Container Engine (GKE), and GAE services. Secondly, it
is still a relatively new entrant but with promising potential
for the highly demanding geospatial industry. Thus, the
author does not expect significant deployment of SDI
geoportals on GCS in 2016, particularly in Africa. This
provides a gap to be filled by this research.

3.2.1. Google Container Engine

GKE, which is an IaaS cloud, was launched in August
2015. It provides standard IaaS cloud features, and takes its
offering to a higher level through Docker containers and
Kubernetes.

Docker uses Linux container technology to package
applications into portable, hardware- and platform-isolated
containers. For instance, an SDI could utilize a container
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providing a specific geoprocessing service; or a container
facilitating complete access to a set of OGC services
(WMS, WFS, WCS, and WPS). Docker provides the
lifecycle management of containers.

On the other hand, Kubernetes is Google’s open-source
cluster manager for orchestration and management of
container clusters. Kubernetes could be used to start more
instances of a popular container in an SDI as the number of
user’s grows, or dynamically size a cluster with more
processor capacity or memory [25].

Among the attractive GKE features include: automated
container management for running Docker containers; easy
setup of clusters; declarative management of container
resources (for example processor capacity or memory) in a
simple human readable JavaScript Object Notation (JSON)
or YAML file; and a flexible, free and open source
environment.

As at 2016, Google was charging a time-based fee for
management of GKE cluster depending on the number of
nodes in the cluster. Whereas a cluster with less than 6
nodes was free of charge, the one with 6 or more nodes was
costing $0.15 per hour. To minimize on the cost, this
application used three nodes.

3.2.2. Configuration of the GKE Platform

GCS can be accessed at
https://console.cloud.google.com/.  Authentication is
granted using a standard Google Account. The GKE
platform defines the following terms:

*  a container comprises of isolated VM installed on

the operating system's kernel;

* a container cluster consists of a specified number

and type of GCE instances;

* a pod is a group of containers scheduled on the

same host;

*  pods serve as units of deployment, scheduling and

replication; and

* a replication controller ensures that a number of

pod replicas are running at any time

3.2.3. Software Considerations

Like any standard geospatial application, choices were
made on the spatial DBMS, web server, server-side
geo-services, and client-side interaction.

GeoServer, a Java-based and open-source software, was
chosen to serve the server-side geo-services. The software
can be used to publish geospatial data on the network using
OGC standards, such as WMS, WFS, WCS, Web Map Tile
Service (WMTS), CSW, and WPS. GeoServer functions as
the reference implementation of the OGC.

Another open-source software chosen is PostGIS, a
spatial database extender for PostgreSQL DBMS. PostGIS
enables Structured Query Language (SQL) queries using
spatial operators, such as Point in Polygon, which can
facilitate the determination of a county (polygon) to which
a school (point) belongs.

The application uses a web server known as Nginx.
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Running on Linux technology, Nginx is an open source
web server that can serve requests such as HTTP, secure
HTTP (HTTPS), and load balancing.

OpenLayers, an open source JavaScript library for
displaying geospatial data in web browsers, was also used.
It provides an API for building web-based geospatial
applications. Together with HTML, OpenLayers was used
to provide an interface to the application and for client-side
user interaction, helping in the display of the maps.

The selected technology stack (Kubernetes, Linux,
Nginx, GeoServer, PostGIS, OpenLayers, and Docker) is
completely FOSS. This not only highlights the potential for
FOSS in modern geospatial information management, but
also reduces software licensing costs. Support and online
communities on FOSS are readily available, making it easy
to access help and support resources during the set up and
configuration.

3.2.4. Set up and Installation

The first step involved activating the Google cloud shell,
which runs a virtual machine instance of Debian Linux
operating system. The shell provides command-line access
to computing resources hosted on GKE, using two main
utilities known as gcloud and kubectl.

The next step involved using gcloud to set up the GCE
compute zone, as shown in Code 1. GCE resources reside
in regions or zones, a geographical location where a given
resource runs, which is known as a compute zone.

$ gcloud config set compute/zone us-centrall-b

Code 1. Creating the GCE Compute Zone

There are many Docker images that can be reused, and
two are identified for this study:
github.com/kartoza/docker-geoserver and
hub.docker.com/r/mdillon/postgis/. These are used to
create the GeoServer and PostGIS containers, respectively.
Retrieving the images can be accomplished by the
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commands shown in Code 2.

$ docker pull mdillon/postgis
$ docker pull kartoza/geoserver

Code 2. Pulling Docker Images

The next step involved creating a GKE cluster with three
nodes on which GeoServer, PostGIS and the Nginx
containers will run. Code 3 shows the creation of a cluster
named gscont.

$ gcloud container clusters create gscont --num-nodes 3
$ gcloud config set container/cluster gscont
$ geloud container clusters get-credentials gscont

Code 3. Creating the Cluster

The application makes use of persistent disks, allowing

the three containers to preserve their state across shutdown
and start-up. Two disks are created as shown in Code 4.

$ geloud compute disks create --size 200GB postgis-disk
$ gcloud compute disks create --size 200GB geoserver-disk

Code 4. Creating the Disks

The final step involved creating and starting the pods,
and the services used to access them. Pod and service
specifications were defined in YAML files. For example,
Code 5 shows how the PostGIS pod and its corresponding
service were created.

$ kubectl create -f mpostgres.yaml
$ kubectl create -f postgres-service.yaml

Code 1.

The webserver container has been customized, since it
serves custom content (JavaScript, html, and images)
which are specific to the application. Thus, a docker image
based on Nginx was created, as shown in Code 6. To create
a running web server instance, see Code 7.

Creating the Pods

FROM nginx
EXPOSE 80
COPY webdir /usr/share/nginx/html

Code 2. Nginx Dockerfile

$ docker build -t ger.io/myphdprj/phd-nginx:v1 .
§$ gcloud docker push ger.io/myphdprj/phd-nginx:vl

$ kubectl run phd-nginx --image=gcr.io/myphdprj/phd-nginx:v1 --port=80
$ kubectl expose rc (OR pod) phd-nginx --target-port=80 --type="LoadBalancer”

Code 3.

Creating the Nginx web server

By inspecting kubectl output (see Code 8 and the output in Code 9), GeoServer was running on 8.35.197.101; and can
be accessed at: http://8.35.197.101:8080/geoserver/web. Opening this link loaded the GeoServer login screen.
Additionally, the web server based on Nginx was running on http:// 146.148.76.240 /index.html.

$ kubectl get services gsfrontend psfrontend phd-nginx

Code 4.

Inspecting the Services

$ kubectl get services

NAME CLUSTER-IP EXTERNAL-IP PORT(S) AGE

Gsfrontend  10.103.247.146  8.35.197.101 8080/TCP 5h

kubernetes  10.103.240.1 <none> 443/TCP 1d

psfrontend  10.103.251.124  <none> 5432/TCP Sh
Code 5. Detailed Service Endpoints

The complete code listing, including YAML configuration files is available on github: github.com/cmwange/gisongcs.
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3.3. Data Sources

The KCPE results of 2015 (the results dataset) was
obtained from MOEST. The schools dataset, which
contains spatial coordinates of the schools, was obtained
from the Kenya Open Data Portal'. The latter is an extract
of data collected by MOEST in its school mapping project
of 2007 [26]. Administrative layers such as counties were
obtained from the IEBC.

Table 1 presents the population and sample for each
dataset. To be included, a record in the schools dataset
must be easily identifiable by name in the results dataset.
The two datasets revealed a lot of duplicates, naming
anomalies, and other inconsistencies, which explains the
relatively low sample of 55% and 59% respectively.
However, this was considered representative since the
sample accounts for more than 30% of the population.

Technology Trends for Spatial Data Infrastructure in Africa

application was developed to outline trends for SDI in
Africa.

4. Results and Discussion

4.1. Data Portrayal and Download

The application serves a number of spatial services,
notably WMS and WFS content, depicting spatial
characteristics of the dataset. Some of the maps generated
are shown in Figures 1, 2 and 3.

4.2. Spatial Queries

The database can be used to build and visualize complex
spatial queries. For instance, one might be interested to
know which counties produced the top 100 candidates, or
the bottom 100. Two queries in Code 11 have been used to
produce the output in Figures 4 and 5.

Table 1. Datasets in the Study
Dataset Population Sample % Source
Primary 25,121 13,890 | 55 | MOEST, 2007
Schools
KCPE Results 938,738 551,150 | 59 | MOEST, 2015
2015
Wards 1,450 1,444 99 IEBC
Constituencies 290 290 100 IEBC
Counties 47 47 100 IEBC
3.5. Data Loading

By loading the data into PostGIS database, GeoServer
can be used to serve various WFS, WMS, and WCS
content. In addition, the application can be extended to
provide more sophisticated geoprocessing services using
WPS, as is typical in SDIs.

Data loading was done in two steps: generation of SQL
scripts, using shp2pgsql; followed by population of data
into the database, named “gis”. Code 10 shows an example.
The Spatial Reference Identifier (SRID) 4326 refers to the
new World Geodetic System (WGS 84), since the datasets
are in this reference system.

CREATE VIEW county all zero AS SELECT counties.county cod,
counties.county nam, counties.geom, 0 as count FROM counties;

CREATE  VIEW  county bottom 100 final AS  SELECT
county bottom_100.county cod,  county bottom 100.county nam,
county bottom 100.geom, county bottom_100.count FROM
county bottom 100

UNION

SELECT county all_zero.county cod, county all zero.county nam,
county all zero.geom, county all zero.count FROM county all zero
where county_all_zero.county cod NOT IN (
SELECT county_bottom_100.county cod
county bottom_100);

FROM

CREATE VIEW county top 100 _final AS SELECT
county top 100.county cod, county top 100.county nam,
county top 100.geom, county top_ 100.count FROM county top 100

UNION

SELECT county all_zero.county cod, county all zero.county nam,
county all zero.geom, county all zero.count

FROM county all zero where county all zero.county cod NOT IN
(SELECT county top 100.county cod FROM county top 100);

$ shp2pgsql -s 4326 counties.shp counties > counties.sql
$ psql -f counties.sql gis

Code 6. Data Load Scripts

3.6. Justification of the Methodology

As at 2016, the KNSDI was neither mature nor
operational. There wasn’t a national geoportal accessible to
the public. Ideally, this application should have been
developed within this geoportal, by integrating with
existing fundamental datasets. It is for this reason that this

1 www.opendata.go.ke/Education/Kenya-Primary-Schools/p452-xb7c

Code 11. Spatial Queries
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4.3. Potential for SDI

The study adds to the existing body of knowledge on
technology choices for SDI development, by outlining the
potential of the GCS cloud and other technology trends. In
addition, the study presents a synopsis of the benefits and
challenges of new trends in SDI development.

Through Kubernetes, GCS provides superb scalability
features, allowing computing resources to be scaled
on-demand. Scalability is desirable in SDIs, which scale to
the national and higher levels. This can be used to serve a
large number of users, through efficient geoservices.

The application has been configured on a minimal
virtual machine type, of 1 virtual processor (VCPU) and 2
GB memory (RAM). More powerful machine types are
available, including high-CPU (32 VCPU and 28 GB RAM)
and high-memory (32 VCPU and 208 GB RAM). Time and
financial resources did not allow for testing higher machine
types, which attract higher charges.

4.4. Cost Estimate of the GCS

An area of obvious interest is to estimate what it would
cost for part of Kenya’s national SDI (KNSDI) geoportal,
hosting core spatial datasets, to be deployed in a GCS
cloud.

Given the weak status of the KNSDI [27], several
assumptions are made, in order to eliminate the extraneous
variables so that the focus is directed on the cost of cloud
deployment. First, it is assumed that the KNSDI policies
and standards have been finalized, and are used widely by
most stakeholders. Second, it is also assumed that data
custodians have been identified using policies and legal
instruments. Third, data and metadata are widely available
in a suitable digital format, and the KNSDI takes advantage
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of new trends such as cloud computing for SDI
development.

Based on an examination of the KNSDI core spatial
datasets, and the Mapping Africa for Africa project, the
KNSDI would have about 14 core spatial data custodians
[28], [29]. Although the focus is on the custodians, there
would be additional KNSDI stakeholders offering a host of
application datasets and services, such as the National
Environmental Management Authority, and the Kenya
Wildlife Services. For simplicity in cost estimation, these
stakeholders are excluded.

Table 2 highlights the estimated cost of deploying the
KNSDI in a GCS cloud environment. In order to highlight
the cost of cloud deployment, the figure excludes the cost
of additional SDI activities, such as data and metadata
development, preparation of standards, policies, and the
institutional framework.

If each custodian hosts its datasets in a GCS cloud using
medium sized virtual machines (16 VCPU, 60 GB RAM,
and 1TB storage each), then the estimated annual cost for
each custodian of hosting on GCS is $27,000.

This cost was obtained from Google’s cloud price list as
at 2016. Similar to the application demonstrated in the
study, the set up assumes that each custodian utilizes three
virtual machines, including a database server, an
application server (e.g. GeoServer), and a web server based
on Nginx to serve content using OGC services and Open
Layers.

If each custodian gets its staff trained on setup and
administration, then the annual training cost per custodian
is $15,000, which includes consulting fees. Thus, the total
cost of hosting KNSDI on GCS is about 2.3 million US
$ over a three year period.

Table 1. Cost Estimate of GCS Deployment
Item Qty. Unit gg; Sub Total Total
Years 1 2 3
Virtual Machines 3 Month 0.8 27 27 27 81
Training 3 Session 1.5 5 5 5 14
Consulting Fees 10 10 10 30
Geoportal 15 5 5 25
Sub Total 57 47 47 150
Miscellaneous 10% 6 5 5 15
Sub Total 62 51 51 164
Grand Total 14 Custodians 870 716 716 2,302

In thousands US Dollar (US $)
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5. Conclusions

Supported by an application based on contemporary
technologies, the study highlights some of the technology
trends and choices that can support SDI development in
Africa. Building upon the sample, developing countries
can adopt the principles presented. The study not only
highlights the technology choices available today, but also
a reference sample application.

Time and financial resources did not allow for testing
the scalability of the application. However, the study has
shown that cloud computing has the potential to facilitate
scalable web services in the cloud, thus increasing uptake
of SDIs. Cloud services can also provide higher quality
services, improved performance, reliability of geoservices,
and improved accessibility to geospatial data and services.
Several risks and benefits of cloud computing and other
trends, which practitioners should be aware of, have been
discussed.

FOSS software, including PostGIS, GeoServer, Linux,
Kubernetes, Docker, and OpenLayers, has been used
extensively. The application has shown that FOSS
software can support SDI in Africa, where resources are
generally scarce. However, these technologies come with
a steep learning curve, which can be managed through
training and capacity building.

Part of the data used in the study was obtained from the
Kenya Open Data Portal. Availability of readily accessible
data is not only a catalyst for successful SDI development,
but also a means of creating more employment
opportunities, entrepreneurship through data and service
provision, and an agile ecosystem of developers built
around SDIs.

Other than trends for SDI, the application may be of
interest to practitioners in the education sector who may
want to carry out spatial analysis of the existing data in a
cloud environment. The same principles can be applied to
other areas, including agriculture and climate change.

6. Areas for Further Study

Several challenges were encountered in the study. First,
significant time was spent matching records in the results
and schools datasets. This problem can be minimized by
use of Linked Data, where concerned agencies
cooperatively work together to improve data management.
Additionally, although Google provides a free trial period,
continued use of GCS has a cost implication. The
application has been shut down but can be restarted in case
there is need.

The following are
improvement.

*  The application can be extended to utilize mobile
data collection tools (such as Esri’s Survey 123),
empowering schools with the ability to update their
own data.

recommendations for further
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*  The application can be extended to use Linked Data.
Each school would be allocated a unique URI
identifying it on the web, and storing its data in
RDF.

* A survey on the worldwide adoption of cloud and
other technologies in SDI can be carried out. The
study can verify if the technology trends lead to
wider adoption of SDIs.
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Abstract A large percentage of soils in crude oil
producing areas in Nigeria were contaminated to a varying
degree. Past research showed reduction in the compressive
strength of concrete made with crude oil impacted sand
(COIS). The current effort aimed at assessing the durability
of COIS concrete. Soil samples were contaminated with
crude oil concentrated levels of 0, 2.5%, 5%, 10% and 15%
by weight of sand to produce COIS. Concrete design mix
of 1:1.8:2.7 were made with COIS at the different
concentrations from which concrete specimen — 100 mm
cubes; 100 x 200 mm, and 75 x 150 mm cylinders, were
made. COIS concrete were then tested for chloride and
sulphate resistance using Electrical Resistivity(ER) test on
100mm x 200mm concrete cylinders and  Water
absorption (WA) test on 75 x 150 mm cylinders,
respectively The COIS concrete was tested for Fire
Resistance(FR) by testing the compressive strengths of
heated 100 mm cubes. The results showed that COIS
concrete exhibited an increased in durability properties as
the contamination level increases. The control sample has
the lowest value of ER of 119 kohm-cm which indicates
low resistance to chloride ion penetration. It also has the
highest value of WA of 3.9% indicating low resistance to
sulphate attack. However, COIS concrete experienced
reduction in strength when exposed to fire as the
concentration of crude oil increases. The better durability
property of the COIS concrete compliments the strength
reduction.

Keywords Concrete Durability, Compressive Strength,
Crude Oil, Contaminated Soil

1. Introduction

According to Blaszezynski[4],durability of cement
concrete can be defined as its ability to resist weathering
action, both physical and chemical attack i.e. resistance to
corrosion, scaling, deleterious expansion, Sulphate and

Chloride attack, abrasion and other deterioration processes
to which concrete may be exposed. A durable concrete is
one that performs satisfactorily under anticipated exposure
(working) condition during its life span (Nehdi,
Pardhan[9]). Fire resistance of concrete is considered as
part of its advantages over steel as construction materials.
Having concrete with crude oil is susceptible to enhance
the heating effect on reinforced concrete by introducing
high temperature gradients and as a result of it, the surface
layers tend to separate and spall off from the cooler interior
(Potha.Raju[10]). The heating of reinforcement aggravates
the expansion both laterally and longitudinally of the
reinforcement bars resulting in loss of bond and loss of
strength of reinforcement. According to BaiJ, Potha,
Raju[3,10] research works have indicated that fire
resistance of concrete is highly dependent on its constituent
materials. Hence with COIS, the concrete contains crude
oil which is a flammable liquid such that when in contact
with fire, the concrete is subjected to higher heat intensity
thus reducing its durability.

Over the past two decades, the amount of hydrocarbon
contamination of soil and the environment has continually
increased, and presently it constitutes a significant fraction
of waste materials in the environment. Some major sources
of hydrocarbon contamination are oil spill, leaking of
petroleum from underground storage tanks, oil pipe
vandalization, drilling, treatment activities for exploration
and production of hydrocarbons, and hydrocarbon waste
disposed from industries (Ajagbe et al[18]). Also,
inadequate care on oil production operation and
transportation which centered on Niger-Delta region has
been mired by various degrees of environmental pollution
problems including contaminated sand (Ukoli[11]).

Concrete materials contamination in the Niger/Delta
region of Nigeria is caused by oil spills due to a number of
reasons, including; corrosion of pipelines and tankers
(accounting for 50% of all spills), sabotage (28%), and oil
production operations (21%), with 1% of spills being
accounted for by inadequate or non-functional production
equipment. The largest contributor to the oil spills, total
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corrosion of pipes and tanks, is the rupturing or leaking of
production infrastructures that are described as “very old
and lack regular inspection and maintenance ’’. a reason
that corrosion accounts for such a high percentage of all
spills is that as a result of the small size of the oil fields in
the Niger Delta, there is an extensive network of pipelines
between the fields, as well as numerous small networks of
flow lines- the narrow diameter pipes that carry oil from
well heads to flow station- allowing many opportunities for
contact with the ground since these are laid above the
ground. Sabotage is performed primarily through what is
known as ‘bunkering’, whereby the saboteur attempts to
tap the pipelines, in the process of extracting sometimes the
pipeline is damaged or destroyed (Ukoli [11]). Damaged
lines may go unnoticed for days, and repair of the damaged
pipes may takes even longer.

According to Ajagbe et al [19], 18-90% compressive
strength was lost due to 2.5-25% crude oil contamination,
respectively on the effects of COIS on the compressive
strength of concrete. These therefore pose the need to
investigate durability of concrete made with COIS in
varying concentration of crude oil. Previous research had
recommended the use of COIS concrete on non-structural
members and a knowledge of its durability will
complement its reliability of use particularly in the affected
area to reduce waste.

2. Materials and Methods

2.1. Materials

2.1.1. Cement

The cement used for the investigation was the Ordinary
Portland Cement BS12[15] and it had the properties to act
as a binding agent in the presence of water.

2.1.2. Water

Clean potable water was used for concreting; the water
aided the hydration of cement, which resulted in setting,
and hardening of the concrete BS 3148[16].

2.1.3. Aggregates

The coarse aggregate used had a maximum size of 10
mm. Fine aggregate was natural sand obtained in Ibadan,
Oyo state. Both the fine and coarse aggregates were spread
outon neat concrete floor to dry out, so as not to influence
the Concrete Resistivity and, surface absorption testing
which depend on concrete components as a result of
increase in water-cement ratio of the concrete (Kessler et al,
Muhammed [7,8]. Coarse and fine aggregates conform to
BS 882 [18] specification

2.1.4. Crude Oil

The crude oil was obtained from Bomu oil field in
Gokana LGA of Rivers state, Nigeria. It has API gravity of

11.43, specific gravity of 0.99, density of 62 lbs/cuft and
viscosity at 30 C of 4.8 centipoise.

Other materials used for this research are 100 mm and 75
mm diameters PVC pipes, and Wenners 4-probe array
which was locally fabricated.

2.2. Methods

2.2.1. Preparation of Sample

To make the Crude oil Imparted Sands (COIS), the fresh
uncontaminated sand similar in grade to sands of the
contaminated sites was contaminated with crude oil at
2.5%, 5%, 10%, and15%. The crude oil percentages were
the outcome of a research to access the level of
contamination at three different locations in the polluted
areas: Bomu, D-Dere and Bodo city of Gokana LGA of
Cross Rivers State in Nigeria.

The fine aggregate was divided into five (5) equal parts
by weight. The first part was left purely uncontaminated to
represent the control sample. The second portion was
weighed and crude oil corresponding to 2.5% of the weight
of this portion was added as contamination to the fine
aggregate. The mixture was thoroughly stirred to ensure
uniformity of the mix. This procedure was repeated for 5%,
10% and 15% contaminations by weight of sand and was
thoroughly mixed and the resulting COIS was air-dried for
about five days to allow proper reaction of the mixture and
simulate the oil spill environment.

This fine aggregate contaminated with crude oil was
then used to make concrete cylinders and cubes with
designed mix ratio 1:1.8:2.7.

2.3. Surface Resistivity Indication of Concrete’s Ability
to Resist Chloride Ion Penetration (ASTM C|[1]

The resistivity of concrete, in Ohms-cm, has been found
to be related to the resistance of the specimen to chloride
ion penetration. Table 1 shows these relationships.

Table 1. Chloride Ion Penetrability Based
Surface Resistivity Test
) 100-mm X 200-mm 150-mm X 300-mm
Chloride Ion (4in. X 8 in.) (6in. X 12in.)
Penetrability Cylinder Cylinder
(KOhm-cm) (KOhm-cm)
a=1.5 a=1.5
High <12 <9.5
Moderate 12-21 9.5-16.5
Low 21-37 16.5-29
Very Low 37-254 29 - 199
Negligible > 254 >199

a = Wenner probe tip spacing

Source: ASTMCJ1].

2.3.1. Sample Preparation

Three concrete cylinder specimens’ size 100 x 200mm
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were cast BS 1881:Part 108 [17] for each of the percentage
contaminations in accordance with ASTM C-192 or ASTM
C-31. All specimens were moist cured in accordance with
ASTM-192, except as noted below, from the time of
molding to testing in a moist room. The specimens were
not cured in a saturated lime water tank, as this curing
condition decreases the resistivity of the concrete. The
specimens were allowed to cure in the molds for
approximately 24 hours before removing from the molds.
Immediately after demolding, four indelible marks on the
top circular face of the circumference of the circle at 0,
90,180 & 270 degrees were made and the marks were
extended onto the longitudinal sides of the specimens. The
marks served as visual aids during the resistivity readings.
In order to saturate concrete cylinder with water, specimen
must remain in a 100% humidity condition for at least 7
days prior to testing but the cylinders were cured for 28
days.

2.3.2. Procedures

i During the test, the air temperature around the
specimens was maintained in the range of 20 to
25°C (68 to77°F).

il. The specimen was removed from water with excess

water blot off and then transferred to the wooden
holder with 0 degree mark on top.

1. Wenner array probe were placed on the
longitudinal side of the specimen at the 0 degree
marks. The probe was ensured that the longitudinal
centre mark was equidistant between the inner
probes. All the points of the array probe were in
contact with the concrete and the readings were
taken after three to five seconds.

iv. Measurements of display unit were taken for both
Current (I) and Voltage (V) when the number was
stable on Ammeter and Voltmeter.

v. Specimen was rotated 0° to 90 degree mark, and
(iii) and ( iv) above were repeated.

Vi. Specimen was rotated 90° to 180 degree mark, and
to 90° to 270 degree mark , each time repeating (iii)
and (iv)

Vii. The last four readings at 0°, 90°, 180°, and 270°
marks were repeated and Average Current (I) and
Voltage (V) were calculated

viil. Resistivity was calculated using the formula:

resistivity=2ma  V/I [1](Where a= 38.1lmm,
V=average voltage, [=average current).
iX. Average resistivity was calculated for the sample.
X. (iii) to(x) were repeated for other specimens in the

set.

Penetrability of Chloride ions depends on the results.
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2.4. Water/Initial Surface Absorption Test: ASTM CJ2]

The test for water/Initial Surface absorption of concrete

was performed to determine the rate of water absorption of
COIS concrete with different percentages of crude oil
contamination. The results of this test were used to
determine the rate of penetration of sulphate ions into the
concrete for sulphate attack.
Both COIS concrete and control samples of 75 X 150 mm
cylinder were cast and cured for 28 days, the specimens
were placed in the drying oven such that each one is not
less than 25 mm from any heating surface or from each
other. The specimens were dried in the oven for 48 hours at
a temperature of 100 to 110°C. On removal from the oven,
each specimen was cooled for 24 + 0.5 h in a dry airtight
vessel to room temperature. Each specimen was weighed
(W)) and immediately immersed in water and at a depth
such that there is 25mm of water over the top of the
specimen.

The specimens were left immersed in water for 24, 48
and 72 hours, before being removed and dried to remove all
free water from the surface.

Each specimen was then reweighed as W,, W3 and W,.
The measured absorption of each specimen was calculated
as the increase in mass expressed as a percentage of the
mass of the dry specimen.

Measured absorption % = (W, — W)/ W; X 100 [2]

The results shall be expressed to the nearest 0.1 %.

2.5. Fire Resistance Test (IS:[14])

Concrete cubes of sizes 100 x 100 x 100 mm were cast
and cured in water for 28 days. The cured cubes were then
placed in a heating chamber and subjected to an elevated
temperature of 200°C for 24 hours. The specimens were
allowed to cool at room temperature and tested for
compressive strength. The compressive strength of the
heated samples is an indication of the fire resistance of the
COIS concrete.

3. Results and Discussion

The results are arranged into three parts for ease of
presentation, analysis and discussion as follows:
3.1. Resistance to Chloride Ion Penetration

Results of durability testing on variation of concrete
Electrical Resistivity within 28 days of curing is shown in
Figure 1.
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Figure 1. A Bar Chart showing Variations in Concrete Electric Resistivity

The COIS concrete has resistivity values ranging between 37 and 274 KQ-cm compared to that of the control samples
without crude oil contamination which ranged between 37 and 254 KQ-cm. The higher resistance on the part of the COIS
concrete is an indication of better resistance to chloride ion penetration and hence higher corrosion resistance. The higher
the level of crude oil contamination the better the durability of the COIS concrete.

3.2. Resistance to Sulphate Ion Penetrability

Results on durability testing on variation of concrete absorption capacity within 28 days of curing, 48 hours of heating,
and 24, 48 and 72 hours of immersion in potable drinking water are shown in Figures 2, 3 and 4.
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The quantity of water absorbed by the samples varied
proportionally with the percentage of crude oil
contamination. The control specimen without crude oil
contamination absorbed the highest volume of water with
an average value of 3.9 % and increased in weight
compared to the contaminated ones, indicating that
contaminated sand used in the production of concrete are
likely to resist penetration of Sulphate ion better when
compared with the control, thus improving the durability
of COIS concrete.

Furthermore, this reduction in concrete absorption can
be attributed to the fact that crude oil is an excellent
repellant of water or any liquid like substances and not
homogenous upon mixture with a fluid. Therefore the
reaction taking place within the concrete apart from
hydration or collision of crude oil molecules with water

molecules, leading to the instant expel of liquid when
casting is being done, which accounts for the reduction in
concrete weight and compressive strength, since water is
an important component for complete hydration of
concrete (Zhu, Bartos[12]).

Therefore, surface coating as a result of the presence of
crude oil contamination of sand used for the production of
concrete, interferes with the bond between aggregate,
cement paste and water. And good bond is essential to
ensure a satisfactory durability and strength of concrete
(Gambhir, Gupta, Amit[5,6]). But high percentage of crude
oil contamination favors a more durable concrete, which
shows a trend of limiting the amount of concrete absorption
and surface electrical resistivity as an electrical indication
of Chloride ion penetrability.
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3.3. Fire Resistance of COIS Concrete

It was observed that the COIS concretes subjected to an
elevated temperature of 200°C showed lower compressive
strengths as compared with the control mix at the same
firing temperature. Compressive strength of concrete cubes
decreases as the percentage of crude oil contamination
increases and the percentage of decrease in compressive
strength for the 15% crude oil contamination of 3.33
N/mm? to that of control sample with 0% contamination of
21.2 N/mm? is approximately 16%. The reduction in the
compressive strength may be due to the fact that the crude
oil which contaminated the sand changes the
morphological structure of the concrete which make it less
resistance to heat and temperature increase and therefore
reduction in compressive strengths.

Hence, COIS concrete has a very low resistance to fire
attack but depends on the percentage of its contamination
that is the higher the percentage of contamination, the
lower the fire resistance while uncontaminated concrete
resists fire better.

4. Conclusions

Based on the tests and analysis carried out on the
samples, the following conclusions reached are stated
below:

The trend/variation in durability of COIS concrete does
not behave in the same way as concrete
produced with uncontaminated sand.

The research revealed that concrete made with high
percentage of crude oil contamination by weight offered
more resistance to water absorption and surface resistivity

as an electrical indication of its permeability. That is, it
resists sulphate and chloride ions penetrations into the
concrete.

The presence of contaminants seems to delay or prevent
the full hydration of the cement particles, by interfering
with the water cement binding reactions. This contaminant
being oily in nature formed an oil film around the fine
aggregate and this possibly explains why water was
expelled during tampering and casting. When these
concrete are exposed to heat, there is reduction in
compressive strength as the percentage of crude oil
contamination increases.

COIS concrete can be used favorably in swampy or river
enclosed areas requiring relative low compressive concrete
strength.
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curator of the exhibition “Two Germanys” is known to
have stated the following: “In addition to protect people
from weather conditions, it is possible to create all kinds
of useful spaces with architectural design. It may even
lead to the construction of a new society and to give it a
spatial form and a meaning."

3.1. Pariser Platz

Pariser Platz is one of the three most important squares
of the city located at the end of the Unter den Linden
Boulevard in the Mitte district, the center of Berlin. Also,
the square is one of three designed by Philipp Gerlachi,
Friedrich Wilhelm I's architect. Pariser Platz is the one
that is in square form. That is the reason why its name was
Viereck Square until 1814, but then it was changed to
Pariser Platz in memory of the Paris occupation of
Prussian troops in March 1814. The Brandenburg Gate,
one of the gates of the customs walls surrounding the city
of Berlin in the 18th century,is also in this square.[13]
Back in the time, the gates in the customs walls were
given the names of the cities they were directed towards
and Brandenburg Gate got its name for the same reason
because it was directed towards Brandenburg.

Since it is surrounded by buildings, Pariser Platz is
considered as a closed square. As Moughtin pointed out,
the more buildings there are around a square, the stronger
it provides a feeling of enclosure. But Pariser Platz is not
only a closed square, but also a dominant square, due to
the presence of the Brandenburg Gate, which is a
monumental building the square itself is directed
towards.[16]

Pariser Platz, one of the most important squares of the

city until the Second World War, was one of the intensely
bombarded sites during the war. All buildings were
destroyed except the Brandenburg Gate. The wall
structure, which divided Berlin in half passed immediately
by the Brandenburg Gate, so Pariser Platz became a
completely idle square afterwards.

Following all these devastations,the authorities of East
Germany have reached very important decisions for the
vacant square. In order not to lose the square form of the
place and to make the boundaries of the square clear, trees
were planted around it. The major reason for them to do
this despite the hash war conditions was the special place
the square have had for centuries in the urban memories of
German people. Not only the square form, but also the
tracks of the structures surrounding the square and the
differences of elevation were preserved.[17]

After the decision to demolish the Wall in 1989, the
first demolitions began with public cooperation, at Pariser
Platz, in front of the Brandenburg Gate. After the re-union
of East and West Germany under the name of the German
Democratic Republic, Berlin was declared as the capital
once again. With the act of the Senate of Berlin,
preparations began to make Pariser Platz the center of the
city again. Because the German Parliament building
"Reichstag"was located very close to the square, the
administrative buildings of the state were also positioned
close to the square. The Adlon Hotel, that was once in the
square, was rebuilt and took its former place. As part of
the revitalization project, the American and French
Embassies, the Academy of Art (Akademie der Kiinste),
some office buildings, and the DZ Bank building designed
by Frank Gehrywere built. [17]

(a) (b)

Figure S.
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(a)Pariser Platz Plan; (b) Platz in II. World War; (c) Pariser Platz During the Wall

Figure 6. Nowadays & Activities in Pariser Platz
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Since the year of 2002, Pariser Platz is completely
closed to vehicle traffic and a pedestrian-only square.
Today, users of the square mainly consist of tourists and
students who study the square and draw sketches of it.
The materials used in the reconstruction of the square
were selected based on its history. While cube stones were
used to emphasize pedestrian paths and elevation
differences, cut stones were preferred in places which
open to vehicle traffic at certain times of the day. In the
process of reconstruction of the buildings surrounding the
square, a number of criteria for the colors and materials
have been set to prevent the existence of irrelevant styles.

Pariser Platz, the liveliest square in Berlin today, is one
of the most important squares in Europe, where urban
people can freely communicate their wishes and
complaints to the authorities. In addition to this, many
festivals organized across the continent and New Year's
celebrations are being hosted by the square. It is also
possible to understand the fact that the square is the most
important place for the city, looking at the description of
"The Symbol of Separation and Union”.

3.2. Potsdamer Platz & Leipziger Platz

Leipziger Platz is the one with the octagon form among
the three squaresGerlach designed. This square is located
at Potsdam Gate on the customs walls surrounding Berlin.
At the eastern side of the door is Leipziger Platz, while the
other side had no name until 1823. After the architect Karl
Friedrich Schinkel redesigned the Potsdam Gate in 1823,
the area to the west of the door has gained a more circular
and square form. With the fall of the customs walls
towards the end of the 19th century, a great transformation
took place in Berlin. It is during this period, when the first
railway line was also built in the city. The train line from
Potsdam, arriving from a point 26 km away from the city,
ended at Potsdamer Station, which today the Potsdamer
Platz takes its name from.[18]

Potsdamer and Leipziger Squaresbegan to be examined
as a whole after the customs walls were demolished. With
the construction of the train station, the trade in the area
gained momentum too. Numerous hotels, casinos and
business centers were built. With the increase in the use of
motor vehicles, the first traffic light in Europe was also
placed in this square. The years between 1920-1930 in the

(2)
Figure 7.

(b)
(a)Potsdamer Platz in early 1900’s; (b) Leipziger Platz Nowadays; (c) Leipziger Platz During the Wall
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Potsdamer Platzwere the years when the bustle in the city
reached its peak. During those years, the square could
compete with Piccadilly and Times Squareswith its use
and functional alternatives. But Potsdamer Platz left its
glamorous days behind when the National Socialists came
into power and “Germania”, dreamed by Adolf Hitler and
designed by Albert Speer was brought to agenda.
Establishing the city along the axis of Unter den Linden,
ignored the remaining parts of the city.

During World War II, the most intensely bombed
territory in Berlin was Potsdamer Platz. All the buildings
in the square have either been damaged or demolished.
After the post-war wreckage has been removed, the square
was left utterly empty. Furthermore, the fact that the
Potsdamer and Leipziger Squares were separated from
each other by the Wall completely eliminated the
possibility of these squares to be revived. However,
despite all this, during the recreational phase of Leipziger
Platz, the East Berlin government decided that the city
senate historical forum should remain the same; as they
did for the Pariser Platz.

This was achieved by using the trees to highlight the
tracks. The idea that they should stick to the old system of
city blocks and networks, which is taking its roots from
the past, can be in fact applied to every region of the city
that took part in the process of renewal. Leipziger Platz,
beginning to be rebuilt thanks to the end of warfare, was
surrounded by buildings characteristic of the "Iron
Curtain" countries, because it was located within the
borders of East Berlin.

With the demolition of the Wall in 1989, the Senate of
Berlin decided to expropriate the area that surrounds the
square. With the international competition forredesigning
of Potsdamer Platz in 1991, a major transformation started
in the square. 17 world-renowned architectural offices
participated in the contest. The architectural office of
Hilmer & Sattler from Munich won the master plan phase.
Because of the serious need for resources for the renewal
project, the prepared masterplan was divided into four
sections and sold to Daimler, Sony, Beisheim and Park
Kolonnaden. Having announced that this area was going
to be Berlin's new face, these companies contracted with
renowned architects such as Renzo Piano and Helmut
Jahn.[19]




218

Public Places from Past to Future, Berlin: Pariser Platz & Potsdamer Platz Istanbul Taksim Republican Square Examples

(@
Figure 8.

The project consists of 50% office, 20% residence and
30% shopping area. The Sony Center project, financed by
Sony, was designed by German architect Helmut Jahn.
The most important feature of the building is the inner
courtyard parallel to Potsdamer Street. Surrounded by
office buildings, the courtyard is covered with glass that is
suspended at a height of 103m and also has a symbolic
quality for the design. The architect of the project’s other
phase, financed by Daimler, is Renzo Piano from Italy.
The most prominent feature of Piano’s design is
sustainability.

The Berlin Film Festival is being held in these places.
Unlike the most common square typologies, Potsdamer
Platz is a square which is supported by streets directed
towards it.

4. The History and Development of
Galata District

One of the most prominent physical features of
historical Istanbul is its three large main units of
settlement: The historical peninsula (the walled city),
Galata and lastly Uskudar which are divided by the
Golden Horn and the Bosphorus.

This particular feature had been preserved for the most
part of the reign of the Ottoman Empire, until the city
started to transform progressively after the 19th century,
especially manifesting in Galata with settlements that
stretched forth into Beyoglu and Taksim Square. [19]

According to Byzantine historian Skarlatos, Galata, a
small village with the name of Sykai back then, was
surrounded with walls as a consequence of its rising
importance during the time of Theodosius II (403-450). It
was while Justinianos I reigned over the empire, when
development gained pace and urbanization started
(527-565). The city was then named after him, Justiniane,
to highlight the progress of urbanization. [20]

Having continued to grow as a separate city from
Constantinople during the reign of Justinianos I, Sykai

(b)
(a) Potsdamer Platz-Sony Center; (b) Berlin Film Festival

was never perceived apart from the capital. Accordingly,
the first Byzantine bridge was constructed to connect
Galata and Constantinople. [21] Since the time of Tiberios
1T (579-582), the district had been known as “ta Galatau”,
meaning “from Galata”, based on a person from the region,
named Galatea. [20] As for the Byzantines residing on the
walled peninsula, the Galata region was called ‘“Pera”
which means “the opposite shore”. [19]

The district became a major centre of commerce, as
trade flourished in years, along with the development.
People from Genoa, Venezia, Pisa and Europe began to
settle down in the area. Through the privileges bestowed
upon them, the Genoese gained influence in Galata and
seized control of commerce. The Byzantine Empire,
facing financial difficulties in the 13th century, turned to
the Genoese for support, who demanded Galata in return.
The emperor accepted this, but he wanted the walls
demolished in return. As a result, the reign of Genoa
began in Galata. During their time, the district was
transformed into a Mediterranean-Italian city with stone
buildings, narrow, steep streets with stairs in orthogonal
layout, shops, churches and a central square. (Figure 9)
[20]

Figure 9. Miniature from Matrak¢i Nasuh

In 1453, the Genoese did not resist the Ottoman
Emperor Mehmed 1II during the conquest of
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Constantinople. As a reward, he left Galata as it was and
made an agreement with the Genoese which allowed them
to keep their property rights and religious beliefs. [21]
After the conquest, along with the Muslim population
settling in Galata, mosques and wooden buildings were
constructed in the district as well.

At the end of the 16th century, there were a few
vineyard cottages, mostly forested land, and a graveyard
in the region outside of the walls. As a result of
Constantinople’s conquest (the city would be called
Istanbul from that point on) and the Muslim settlers
coming to the city, the population grew considerably,
particularly within the walls of Galata. Wanting to avoid
the distress caused by denseness, first the embassies, then
the wealthier part of the population began to move out of
the walls.

In time, the Genoese reign over Galata and Beyoglu
was passed to the French. The first embassy building in
Galata was built by the French as well. Later on, they
obtained some privileges which would be called “the
capitulations” in the next years. As a result of these
privileges, foreign trade increased and numerous
warehouses and shops opened in Galata. Because of the
steep terrain, narrow roads and the need to be situated
close to the harbor, commerce could not expand upwards,
but instead replaced the housing areas along the coast. The
merchants who had to leave their homes there settled in
Beyoglu. [22]

These privileges acquired and markets established also
resulted in a considerably increased French population in
the region. It was starting from this period, when the
significant French influence on Beyoglu which is still felt
even today, started to be formed. In the following years,
the English and Italians benefited from these privileges as
well. Merchants coming from these countries got united
and established the Levant Company. From that point on,
its employees and representatives were to be called the
Levantines. [22]

In the middle of the 17th century, an axis was formed in
the Pera district, where the embassies, mansions and
churches existed. The non-Muslim population named this
axis as “Grand Rue de Pera”, while the Muslims called it
“Cadde-i Kebir” (meaning “the great, grand street”). After
the proclamation of the Republic, the name “Istiklal Street”
was given to it, which still exists today. Giving Pera the
impression of a European city, this axis was a narrow dirt
road without pavement. During those days, the houses
along the street belonged to wealthy people only. [19]
Reaching to the point where the Taksim Square exists
today, this long axis was the convergence of usually
down-sloping streets, with stairs in places, as a result of
the area’s topography.

In the year of 1700, Beyoglu spreaded between the
funicular railway (the historic Tunel today) and
Galatasaray, to the both sides of Istiklal Street and its side
streets. During the Sultan Selim III’s reign, relations with
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Europe increased and transportation also became easier.
Thus, a lot of Europeans came to Istanbul and settled
down in Pera. Many other European countries opened
embassies on the Grand Pera Street in those years, too.
[19]

This period was called “The Tulip Era” in the Ottoman
Empire. The old government methods were giving way to
new approaches and steps were taken for a new society,
taking the European way of life as an example. Many
works of architecture have been completed during those
years. In and around Pera, numerous buildings were
constructed for which the plans had been drafted in
Europe. One of these buildings is the Embassy of the
Netherlands. [19]

4.1.The Buildings and Places Marking the Taksim
Republic Square and Its Boundaries

During the 18th century, the boundaries of the
neighbourhood expanded to where Taksim Square is
today, as a result of increasing population and housing
development. But this is not the sole reason why the city,
previously inside the walls, started to expand. There are
numerous other reasons such as the replacement of the
Ottoman Palace within the city, the rights bestowed upon
the minorities as part of The Rescript of Gulhane (e.g.
alleviating the constraints for settlement) and the physical
reforms in governmental and military areas. (Figure 10)
[19]

Figure 10. Taksim,1922

The settlement area expanding to Kasimpasa on the
Golden Horn side and to Besiktas and Ortakoy on the
Bosphorus side led to a shortage of water eventually. To
solve this problem, in 1731 the Sultan Mahmud I had a
dam constructed in the Belgrad Forest to supply water to
the area. [23] Via aqueducts and pipes, water was being
transported from this dam to a large, 90 meter long
reservoir which forms one edge of the Taksim Square
today. A special construction to hold the reservoir, a
maksem (originally Arabic, “maksim”, meaning “the
place where the water is being served out to different
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places”) was built next to it. Constructed using limestone,
it had an octagonal layout, and was covered with a
pyramidal roof. The reason that the area ended up to be
called “Taksim” was this very system, sending out
portions of water to surrounding neighbourhoods, which
is an act that can be translated into Turkish as “taksim
etmek” (Arabic originally). (Figure 11) [20]

Taksim Maksem

Figure 11.

Following this, the “Grand Rue de Pera” (Istiklal
Street), starting from Galata Mevlevihanesi (the Galata
Lodge for Mevlevi Dervishes) on Tiinel (Funicular)
Square and passing by the Galata Sarayi Centre
(educational facilities built by Bayezid II for conscript
boys) was extended to the maksem. [19]

The settlement in the Taksim area did not begin
immediately after the maksem was completed. During the
19th century, while the Ottoman army was being reformed,
the settlements kept growing around the barracks built for
the housing and educational needs of the soldiers, a group
of prestige for the society. The barracks were located on
the peripheral land surrounding the residential areas and
were of monumental scale, shaping the skyline. [24]

Istanbul’s second barrack after Selimiye, the Artillery
Barrack was also built during this period on the slopes
leading to Dolmabahce, a large, flat prairie in front of the
maksem at the time. Identifying the Taksim
neighbourhood and also an additional boundary to the
maksem, the Artillery Barrack is an eclectical building
with a rectangular layout, a large courtyard in the middle,
bulbous domed towers on the facades and horseshoe doors

and windows; covering the entire block where the Taksim
Gezi Park is located today. (Figure 12)

Military stables were located in the south of the barrack
(where the Monument of Republic and the undefined
empty area beyond are today), while in the west, a vast,
flat terrain for military training purposes outstretched in
the northern direction to the building. In the southeast,
there was the Great Cemetery, called “Grand Champs des
Morts” by foreigners, on the area where the Ataturk
Cultural Center and Gumussuyu Hospital are nowadays.
[25]

As a result of the settlement areas following the Istiklal
Street axis and reaching the maksem, neighbourhoods
started to form in Harbiye as well and Istiklal Street
transformed into a European-like, wide boulevard, turning
north at the maksem and connecting Harbiye and
Beyoglu through the training field and the barracks. [24]
Together with this street, Taksim Square had come to
function as a junction point for the city. Additionally, it
was all those buildings and other connected facilities that
gave Taksim Square its identity of being a ceremonial
area.

After the proclamation of the Republic on October 23rd,
1923 and with the new Republic of Turkey founded, the
economic and political reforms throughout the country
had reflections on the cities’ development plans. One of
the most significant examples of this in Istanbul is the
Taksim Republic Square. The plan includes a monument
of the Republic placed near the beginning of Istiklal Street,
right to the east of the maksem, along the axis of the
Republic Street reaching Harbiye. [24] The monument
was designed by the Italian sculptor Pietro Canonica with
four different compositions on four sides, depicting
different scenes from the War of Independence and the
Proclamation of Republic. Its pedestal and environmental
surroundings with a circular layout were designed by the
Italian architect Giulio Mongeri to serve as ceremonial
grounds in baroque style. An expansion of this circular
layout followed the opening of the monument in 1928, to
enable the tramway travel around it. [23] In the next years,
the barrack stables had been partly demolished and
two-storey, terraced cafés were built on the west side
facing the monument. They were designed in circular
shape, accordingly to the monument and its surroundings.

Figure 12.

Taksim Topcu Barracks Aerial Foto and Entrance
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By the end of the 1920’s, the Taksim Republic Square
had become a complete centre for Istanbul, with its shape
and location. This caused the Artillery Barracks and the
training area at its west to lose their functions. Since there
were not enough fields in the city for football matches, the

barrack’s courtyard was used as a football field for a while.

The training field on the other hand, was redesigned
according to a grid plan. With its five- and six-storey
apartment buildings, this new neighbourhood was named
as Talimhane. The three-storey Kristal Club was built on
the monument-facing front side of this grid plan. [23]

A new period of interference began for Taksim, when
the new development plan designed in 1936 by the French
architect and urban planner Henri Prost was approved in
1939. According to this plan, the barracks were to be
demolished and a park was going to be built instead of it.
As a first step, the stables and terraced cafés in the south
of the barracks were torn down and the land was rebuilt as
green area. These demolishings caused Taksim Square to
lose its balanced scale and squeezed it into the corner of a
large rectangular area, whereas it was being defined by the
monument and the circular shape around it in the past.
Consequently, the Artillery Barracks that has long lost its
purpose was demolished as well and “Inonu Gezisi”, an
urban park in geometrical style was built on the area
instead. (Figure 13) (Figure 14) [20]
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Figure 13. Taksim Inonu Gezisi
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Figure 14. Taksim,1987

The absence of an opera house until the middle of the
20th century was a huge lack for the Republic of Turkey,
that had been facing Western Europe since its day of
foundation. In the plan he prepared, Henri Prost also
mentioned the need for a cultural center in the area. In the
end of the 1930’s, the decision to build an opera house on
Taksim Square was made. Because of the interruption
caused by the World War II and also financial
impossibilities, the construction could only start in 1946
and was left half-finished after the rough construction was
done. In 1953, the Ministry of Public Works
commissioned the architect Hayati Tabanlioglu to finish
the project. Restarting in 1956, the construction was
completed in 1969 and the Istanbul Cultural Palace was
opened. As a result of the big fire on November 27th,
1970, it was damaged and became dysfunctional. After
Hayati Tabanlioglu repaired it with a new project, it
reopened with the name Ataturk Cultural Center in 1978.
(Figure 15) [22]

Ataturk Cultural Center,1998

Figure 15.
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In the early 1970’s, the Kristal Club which still
remained in front of Talimhane was torn down and the
area was integrated to the square. In 1986, Taksim Square
was an amorphous void without boundaries, when as a
result of the controversial planning movement during
Bedrettin Dalan’s time as mayor, part of the buildings in
Tarlabasi were demolished and the new 36 meter wide
Tarlabasi Boulevard was opened. (Figure 16)

The Gezi Park, located about 1 storey (4 meters) above

Taksim Square’s level made way for some changes both
in the scale and dimensions of the square, turning it into
an important public space for national ceremonies,
celebrations and protests. In the following years,
numerous bus stops and metro stations added to the square
made it additionally into a transfer center for Istanbul’s
transportation network. This started to diminish the social
meaning of the square and laid the foundation for the
governmental bans on ceremonies and events. [24]
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Figure 16.

Taksim Square’s transformation
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With a history and a process of transformation of two
hundred years long, the Taksim Republic Square is also
interesting as far as its various forms during these periods
are concerned. When examined in the context of the
surrounding buildings and elements, there is a “hard floor
space” on the square level, a “space adorned with natural
elements” on the level of the Gezi Park. It also is a “free
space” according to the perceptive and wide-angled
differences on various levels, an “irregular space” because
of the variousness of the surrounding buildings and
building elements and the formal and functional
differences of these, and lately a “dynamic space” owing
to all the movement caused by transportation and events.
[24]

Looking at it through the lens of Paul Zucker’s
classification of squares according to their macroform
features (as mentioned in the first part of the paper), the
Taksim Republic Square can both be defined as a
“Nuclear Square” and an “Amorphous Square”. In nuclear
squares, space is typically formed around the center,
which in the case of Taksim Square, is the Monument of
Republic. On the other hand, the amorphous squares are
unlimited spaces without specified boundaries, lacking
form, shape and organization. The existence of numerous
arrangements that compete with each other in disturbing
the square’s shape provides enough reason to classify the

Figure 18. Taksim Square’s pedestrianization project

The Taksim Square is connected to numerous streets at
five different angles: to the Cumhuriyet Street on Harbiye
side, to Inonu and Mete Streets on Gumussuyu side, to
Kazanci Slope from next to The Marmara Hotel and to
Istiklal and Siraselviler Streets on Beyoglu and Cihangir
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side. In the context of Rob Krier’s evaluation of streets
connected to squares, it also answers to the description of
“four or more streets connecting to the square
curvilinearly”.

In the light of the above-mentioned examination of the
square’s form and design, it is constructive to look at it
from a socio-cultural perspective. The effects of
centralized administration ideologies on urban and public
space design apply to Istanbul too, as it does to every city
throughout the world. The most significant examples of
this were realized in Taksim Square especially. Many
projects were made for the square and the surrounding
area in the 1980’s during the president Ozal’s time, and in
the 2000’s when Erdogan’s government was in power.
During all these years, the square has been the center for
demonstrations, entertainment and protests.

With the start of the 1960’s, the number of protests and
demonstrations held in Taksim Square particularly
increased in direct proportion to the rising population of
the city. Some important events were;

e 1 May 1977 Labour Day Celebration
(BloodyMay 1st)

e 5 June 1977 Bulent Ecevit Demonstration

e  Gezi Park Protests

e Protests for the Coup Attempt on July 15th

The first big demonstration held in the square was the
Labour Day Celebration on May Ist in 1977, which has
come to known as “Bloody May 1st” in years. While a
huge crowd of labourers from all around Turkey was
celebrating, as a result of a sudden fire into the crowd, 34
people were either shot or crushed in the stampede and
died. After this incident, Taksim Square has gained
special meaning for celebrations on May 1st each year. A
large poster on the square-facing facade of the Ataturk
Cultural Center serves as commemoration of the old days
when celebrations were being held peacefully. The same
facade has been used for numerous celebrations and
protests thereafter. (Figure 19) [26]

Another turning point in Turkey’s history, the Gezi
Park incidents happened again in Taksim Square. Despite
of the Cultural and Natural Heritage Preservation Board’s
decision against it, the government’s attempt of rebuilding
the Artillery Barracks (demolished in 1940) on its former
location, the Gezi Park, as part of the Taksim
Pedestrianization Project in 2013, and the construction
equipment sent to the park for this purpose ignited the
fuse for these protests. Starting as an environmental
demonstration, soon it turned into a nation-wide,
anti-imcumbent series of protests as a result of the
government’s persistent policy and the disproportionate
force the police used against the public. The protests
began on May 27th, 2013 and continued into September,
decreasing gradually. 10 people were killed in total
throughout the country and thousands were injured. Just
like as it was on Bloody May lst, the Ataturk Cultural
Center functioned again as a huge billboard for posters
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and placards during these protests. (Figure 20)

The most recent major public protest in Taksim was
held during the coup attempt on July 15th, 2016. All
around the country, people poured onto the streets to show
that they were against the coup; and the center for the
protests in Istanbul was the Taksim Republic Square. The
protests went on for about one month. There were also
many large public meetings held by political parties where
hundreds of thousands have attended. (Figure 21)

Although Taksim Square is not a space used for
meetings and demonstrations anymore today, some
organizations can still be held on special days under
dispensation by the Governorship of Istanbul.

The Taksim Republic Square has been etched not only
in Istanbul’s, but also in the Turkish Republic’s urban
memory. Its conceptual and historical aspects are of very
high significance for the public, as Taksim has always
been the center for important events regarding public life.
Today, it is the crucial point for many events, most
notably transportation and culture. The square is an
ideological symbol and has been an area for
demonstration of power for governments and
administrative forces since its first day. It is also a square
with a high rate of public participation.

Figure 20. Gezi Park Incidents

Figure 21.

Coup Protests

5. Spatial Quality

To conclude from all the previous concepts and
instances, it is necessary to emphasize the importance of
spatial quality in a city. There are two important theories
for the evaluation of spatial quality. One of these belongs
to Kevin Lynch.[9] Lynch groups the necessities for a
good city structure in five categories:

®  Vitality — (A healthy environmental structure and

design)

® Sense — (The things the space makes the user feel,

the attachment to the place)

®  Fit— (The user being able to adapt to the place in a

short amount of time)

®  Access — (to activities, places, etc.)

®  Control — (Security)

® Sherwin Greene's design-related spatial quality

theory consists of: [28]
®  Function — (Continuity, Safety, Comfort, Variety)
® Space order — (Cohesion, Clarity, Continuity,
Balance)
®  [dentity — (Focus, Unity, Character, Feature)
®  Attraction — (Scale, Suitability, Vitality, Harmony)

L. Davies Yeang, in his book "Quality of Place",
explored spatial quality in 13 articles, under four main
groups and aimed to analyze the space with a number of
questions. The questionnaire results were evaluated on the
chart. [28]

The space quality of the squares was assessed by a
questionnaire consisting of 13 criteria that Llewelyn
Davies Yeang analyzed for space quality. A total of 100
people were interviewed, 50 people for Taksim
Cumbhuriyet Square and 50 people for Pariser Platz.

The work done for the Taksim Republic Square was
made mostly by the users in the square and its vicinity.
15% of the square users are from outside Istanbul and
85% of them are from Beyoglu district, where Taksim is
affiliated. This is because of the fact that there are more
commercial activities in the districts of the Beyoglu near
to the square and the residential settlements are also
located in the Golden Horn, Galata and Karakdy areas.
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Figure 22. Comparison Chart

25% of the users stated that they came to use the eating
and drinking places around the square and 30% of the
users stated that they came for entertainment places in the
vicinity of the square. When we asked to users, "What
does Taksim Republic Square mean for you?", 50% of the
users responded to the mess and “How often do you reach
the plaza? " the majority of the users gave the public
transportation response.

In the survey study for Pariser Platz, 10% of the Square
users live in Berlin and the rest come from outside Berlin.
When we asked to users, “What purpose do you use the
square? ", 75% stated that they are in the square for
touristic purposes and “Where do you expect to be if you
need to wait someone in the square? " the vast majority of
users gave the answer to the Brandenburg Gate as meeting
place.

These squares have been reviewed in the context of
Physical and Environmental Qualities, under the headings
of Sociability, Uses & Activities, Comfort & Image and
Access & Linkages. There are strengths and weaknesses of
these all squares. (Fig.22)

As a result of all these evaluations, it should not be
difficult to comprehend the significance of these squares
for the cities they are located in. It is possible to conclude

that users do not avoid using these squares despite some
negative features and design problems.

The result shows us that a good public place must have
Physical and Environmental Qualities. To give the people
opportunity to use the place and make them feel secure
and happy.
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