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Abstract

In this research project glazed reinforced concrete matrix model is experimentally used to technically protect
Eko Atlantic City structures and the oceanic wall defense system at the Lagos bar beach. The users of these
study findings are expected to be professionals responsible for beach maintenance, coastal and environmental
architecture, flood and water management, maritime engineering and oceanographic science. Experimental
method used in the research activity is a structural defense technique for Eko Atlantic City at Lagos bar beach in
Nigeria. Research concept is based on causative factors due to human activities and environmental problems
that resultantly increased oceanic waves; erosion and floods that are affecting the Lagos bar beach. Both natural
and artificial actions detrimental to the stability of Lagos bar beaches are technically prevented. Coastal
environmental problems and the sea walls are technically examined. While cheaper oceanic wall defense system
is glazed technically.
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INTRODUCTION exotic and huge structures built on the bar beach at
Nigeria experienced one of the worst world’s weather Lagos were not carried out properly.

induced natural disaster in year 2012. This is found

along the coastal areas, valleys of River Niger and Today its impacts have affected Kuramo beach and
Benue. The devastation of year 2012 flood was very ~ Alfa community. Whereas, the Environmental Impact
huge and lethal. Properties worth twenty billion Assessment (EIA) should have been periodically
dollar were lost; more than sixty people died and 27 conducted with other Lagos coastal areas. Scientific
states out of Nigeria were flooded. The disaster put to laws say water usually finds its level (Jim,1997).
test the centurial perceived physical planning of  Without proper Environmental Impact Assessment
various policies since Nigerian amalgamation. (EIA) of Lagos beach with other investments and
Information related to weather requires better numerous expensive structures oceanic surges could
planning for Nigerian economic sector. Human erode both the exotic Eko Atlantic City structures and
civilizations, industrialization, urbanization, and the five million square meters land reclaimed
deforestation without regard to replenishment and recently. Therefore both the land and all structures
industrialization have negative consequences like should be properly secured with reasonable insurance
‘green house’ gases and other pollution problems are policies that are current and effective. Both design
human activities that are rapidly promoting natural and construction of Eko Atlantic City at Lagos have

disasters. shown ingenious engineering feat. Scientifically

structures and shape of city wall stone employed for
Oceanic rise and surges are due to global warming the oceanic wall defense have shown the city
that resulted to climate change already in Nigeria developers were interested in the city wall durability.
today. Significant steps are therefore necessary to be Significantly, both physics and chemistry of water
taken seriously to mitigate the global warming reactions on the city wall material have significant
effects during rainy seasons along coastal areas. The characteristic behavior on durability (Jim 1997,

development of Apapa Port at Lagos whereabouts in James, 1995 and Hurst, 1999).
a century ago gave way to the gradual erosion of the

coastal area. This affected part of Victoria Island However, better material could still be employed with
when the recent Eko Atlantic city project was the use of glazing technology by enclosing the wall
eventually conceived (Fashola, 2013). However, city reinforced concrete matrix technically.
environmental Impact Assessment (EIA) of these Hypothetically, the experimental model made in this

869



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 4(6):869-874 (ISSN: 2141-7016)

study is estimated to last for 2000 years with the aid
of both glaze and glass technology frameworks as
studied in the research literature survey (Awobolu,
2012) and Button, 1993). Economic justification of
the research work is based on the recent empirical
work of American hurricane sandy experience at New
York. However, reasonable structures both in the
swampy and oceanic areas could be sustainable,
viable, and eco-friendly, but the Environmental
Impact Assessment (EIA) of such buildings should be
intensively and constantly performed within a
decade.

Empirical evidences have shown there is something
really strange about the architecture and structural
engineering of New York buildings and the hurricane
sandy that requires further research work. About ten
thousand high rise buildings where buried at the sea
by the American hurricane sandy some time and
somehow. When Lagos State and her developers
started planning for the high rise building of Eko
Atlantic City; the idea of glazing the reinforced
concrete matrix material should have been introduced
(as presented in figures la and 1b) for improved
durability of all the structures and the city wall
defense system. However, the experimental model
made in this research project could be employed
realistically to prevent lethal flood, surges or tsunami
from the city structures erected along the Atlantic
Ocean of Lagos in Nigeria.

HUMAN, INDUSTRIAL, OCEANIC EROSION
ACTIVITIES AND BEACH RECLAIMATIONS
Human activities disturb the Lagos beaches very
significantly. Lagos people do not inherit Lagos
beaches from their ancestors, but philosophically
borrowed it from the present and unborn children.
Therefore, the precious beaches need to be carefully
sustained and preserved chiefly from erosion and
Ocean surges for the next generations yet unborn and
for other reasonable uses in future. Within few
centuries, human activities, urbanization, and other
related activities have affected Nigerian coasts. These
activities have artificially increased 70 percent of
Lagos land surface covered by the oceanic water
before. As predicted, if the Lagos population
eventually grew up to about thirty million by the year
2050 from the present above eighteen million people.
Resultantly, sharp reduction from the present
shortage of vegetable land should be expected
soonest within Lagos state of Nigeria.

Therefore rapid vegetable usage with increased
climate change and some of its consequences will
negatively promote unwanted flood disasters that
would affect Lagos Island unfavorably. Increase in
human activities and population require urgently
more food, more energy, plentiful water and even
more fresh air in Nigeria urgently. Various notable
empiricists and theoretical researchers have shown

870

tthat the earth’s average temperature is rising sharply
per decade with extremes in weather conditions from
1950 till date. Climate conditions and current human
activities have also resulted in the death of various
species and coral reefs. From 1970 to 2013 thousands
of people have been killed due to flood disasters.
Globally, millions of people were negatively affected
as shown on table 1, figures 2 and 3 respectively. A
variety of disasters are affecting all regions of the
world yearly. But floods and storms are the most
frequent ones. These unwanted hydrodynamic
disasters are greatly affecting the world economy
also. No matter how lucrative the urban trade,
commerce and industrial investments are on Lagos
beaches, Lagos flood problems require cheap
solutions. Whatsoever costs to these problems should
be economically considered?

Over a century somehow, the Atlantic oceanic surges,
floods, storms and erosions have created some
magnitude problems that have killed thousands of
lives, lost investment worth fifty billion of dollar with
huge infrastructural facilities within the Lagos
coastline. This huge lost could be traced to the
oceanic surges of Lagos bar beach and the environs
within a centurial period of 1900 to 2008 (Chikezie,
2013 and Fashola, 2013). Globally, the more carbon
dioxide and other ‘green house’ gases into the
atmosphere the slower the escape of heat from the
earth planet. Technically, this eventually makes
earth’s temperature risen sharply and the present
global temperature is within the mean of 26.5°C or
above today. If the present rate of global warning
continues with the rapid increase in ‘green house’
gases unchecked. Simultaneously, glaciers from Polar
Regions will meltdown continually. Therefore, more
oceanic rise, surges, floods and storms with certain
disasters should be expected in Lagos within the next
score year.

The world, being management a global village,
makes the Nigerian Society of Engineers (NSE) to
propose a coastal erosion commission to monitor or
and control all human activities along above 800
kilometers of the Nigerian coastline, asides Lagos
beach lands (Gumel, 2002). They were poised as a
result of the continual attacks from both wind and
water waves. Resultantly, lethal oceanic currents
originating from the Atlantic oceanic waves were
strongly and frequently attacking and eroding Lagos
coastline communities such as Kuramo, Alfa, Lekki
and Lagos Bar beach.

Significantly, about 3 kilometers landmass have been
eroded from the Lagos bar beach for the past four
decades. But through reclamation programmes
certain areas were got back by the efforts of both
Federal and State governments in some past decades.
Yet, the oceanic surges and erosions at the Lagos bar
beach continued, and no solutions to save the beach
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were not found for the past (1958 — 2004) 50 years
(Nigeria Institute for Oceanography and Marine
Research, 2012). Candidly, the Nigerian Atlantic
Oceanic Surges and erosional menace required a
comprehensive permanent solutions which Lagos
Government eventually embarked upon with other
viable financial, Engineers and developmental
partners based on Public and Private Partnership
(PPP).

150 billion naira Eko Atlantic City project is
therefore currently being erecting on the five million
square meters landmass that has been eroded from
Lagos bar beach for the past century (Chikezie,
2013). But, the strong stone wall defense surrounding
the Eko Atlantic City needs to be further protected
with a glassy material that could not be easily
disintegrated with oceanic surges and water minerals
within a period of 2000 years. The experimental
model is therefore in form of using a glass material to
glaze a concrete matrix material to prevent the
wearing of wall defense system surrounding the Eko
Atlantic City built in Atlantic Ocean at Lagos
Nigeria.

MATERIALS AND METHOD

In this study, 30cm thickness of toughen-laminated
glass is finally employed after a serial experimental
model has been made. Specifically, float glass is
employed in this experimental research because of its
few advantages over the Fourcult sheet glass quality.
Glass is used as an envelope to glaze the oceanic
stone wall defense system for both qualitative
strength and durability. The researchwork is about a 3
Dimensional model of glazing a reinforced cement
concrete matrix material. Technically, the model is to
be employed for the exotic Eko Atlantic City Oceanic
wall defense system situated in the mist of Atlantic
Ocean at Victoria Island of Lagos.

The prototype to be installed is expected to last for a
minimum period of 2000 years. The protective
glazed work durability and strength characteristic
properties are derived from glass technology
empirical evidence. The proof explains that glass
would eventually decompose in deep Ocean after a
period of 5000 years. While the reinforced concrete
matrix is technically used as the core structural
engineering material to characteristically resist lethal
wind and oceanic waves. Both glass and reinforced
concrete matrix technologies are employed because
of the strong prevailing oceanic and wind waves at
the equatorial area of Lagos in Nigeria.

Characteristic and qualitative tests were conducted
for flood resistance with the use of the Plkington float
glass specifically manufactured for this experimental
model use. The float glass bought in Nigeria was
examined analytically to confirm if the chemical and
physical behaviors of this glass type could withstand
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both significant strength and durability when a
specific Plkington float glass reacts with the oceanic
lethal waves and mineral water.

The float glass batch calculation and composition
were found to be 100 percent per batch that was made
of Si0,=72.8%; Al,O3 = 1.4%; Fe,05=0.15%; CaO =
8.2%; MgO = 3.8%; Na,CO; =12.8%; K,CO3= 0.8%
SO, = 0.3% (Button, 1993). Further tests confirmed
the used as a commercial (soda-lime-silica) glass that
was melted at 1500°C temperature. A toughen-
laminated glass of 30cm thickness was eventually
employed as an “envelope” to glaze the reinforced
concrete matrix material. This technical idea is
employed to effectively serve as wall defense system
to protect the Eko Atlantic City for a minimum
campaign period of 2000 years old.

Characteristically, the glassy material was technically
calculated for improved strength and durability of the
reinforced cement concrete matrix. This would serve
as sea defense wall for the Eko Atlantic City. The
glazed reinforced concrete matrix model was
individually produced before all other units were
thereafter installed serially.  This technical
arrangement was made to form a sea wall defense
system (figure 1a). It is also very important the
reinforced cement concrete glazing system s
carefully designed in terms of mechanical structure
for significant strength with the required steel. The
envelope glass to be used could be in 15cm per unit
before its lamination and toughening processes.

Hydraulically, oceanic water exerts pressure in all
directions. But pressure force is directly dependent
upon and proportionally to the oceanic depth.
Therefore the tontal volume of Lagos Atlantic Ocean
is not technically relevant for mathematical
calculations in the research paper. This sturdy
therefore gives the pressure depth of Lagos Atlantic
Ocean in a mathematical formula as:

X (Pressure) = p g h

Where “p’’ represents Lagos Atlantic Oceanic
density as (1040kg/m®).While letter “g’denotes
acceleration due to gravity as (9.81m/s%).
Alphabetic letter “h” stands for the depth of the
Atlantic Ocean of Lagos. The height or ocean
depth is measured in meters (m). While “X”
letter stands for the oceanic pressure (N/m?).The
mathematical derivations of oceanic water
pressure technically confirms that oceanic
pressure increases vertically with water depth
(Jim, 1979).

The use of (natural and artificial) stone blocks for
revetment at the exotic Eko Atlantic City project at
Lagos beach was improved upon both in strength and
durability through an experimental model. Such
improvement was carried out with the use of a
glazing method with a given special glass to envelope
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the reinforced concrete structure. The matrix material
was enveloped with a 30cm thick toughen laminated
glass.

Significantly, this application was made chiefly to
prevent stone wearisome. More so, since the
reinforced concrete matrix has been made with very
hard aggregates to resist abrasion. The glass casing
would scientifically prevent a direct salty water
reactions with the stonewall defense system. This
was technically employed to check oceanic waves
and coastal erosions constantly. In this study, the
abrasion resistance of the artificially made reinforced
cement concrete matrix efficiency was found related
to the natural granitic stone in composition.

Having studied the attrition of Lagos beach material,
the glazed material used for beach replenishment was
characteristically employed principally because the
reinforced cement concrete matrix used was stronger
and materially better in terms of physical and
chemical compositions. The matrix material has a
low permeability that could be used to protect against
oceanic wall defense system deterioration during
oceanic water contact.

Qualitatively, if there is a failure of reinforced
concrete structure, it is partly due to materials (fake
steel rods, cement, or aggregates) used. Statistically,
collapsing of oceanic structural defense wall could be
due to structural design faults mainly (The Institution
of Civil Engineers, 1985 and Yvonne, 1996).
Therefore, quality control and assurance tests from
the (British Standard: BS 4449 of 1988. BS4466 of
1989. BS. 4482 of 1985. BS. 5896 of 1980. BS.
4483 of 1983, and BS. 8110 part 1 of 1985) are
employed for the research experimental model.

RESULTS AND DISCUSSIONS

The design of a suitable dense concrete mixture is
based on empirical and theoretically frameworks
from the British Research of Establishment (BRE
digest of numbers 325 and 326). The composite was
made in ratio of sand at 40kg; cement of 400kg was
used. Thereafter aggregates of 1700kg with 20mm
iron rods were used for the reinforcement. The
present matrix material used for the Eko Atlantic City
is reasonable satisfactory for durability of 200years
only. With the glazed experimental model for the
erosion wall defense system, the float glass employed
could preserve the structural concrete for more than
2000 years. This is the importance of using the
toughen laminated glass employed.

Simultaneously, both strength and durability
characteristic properties of the 30cm glazed material
was used to resist the natural hydrostatic and hydro-
kinetic force within the oceanic currents. With ocean
sediment loads and their impactive force very strong
glass is required to prevent oceanic flood.
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Empirically, oceanic pressure is sustainable in
transitory similar to wind pressure. Glass used in this
sturdy should not suffer from static fatigue.
Therefore, glass material and concrete stress were
appropriately designed to withstand oceanic pressure
for the experimental model. This was carefully
handled in terms of oceanic pressure laws and
principles. It was also the core reason for using a
toughen- laminated thick glass (figure 1b).

Technically, three type of glasses were examined in
the study out of which toughen laminated glass was
considered and used for the experimental model.
Laminated glass as an envelope for reinforced cement
concrete matrix assumed the equivalent of a
monolithic glass of the same type and thickness under
short duration of impacted loads. Polyvinyl chloride
(PVC) was used to bind the toughen laminated glass
together technically for the experimental model.

There are various advantages of laminating glass for
use. During lethal oceanic wave impact, if a leaf of
the laminated glass is accidentally cracked, the other
leaf glass would still be retained. More so, the pieces
of the cracked glass would still remain adhered to the
interlayer polyvinyl chloride material. Technically,
laminated glass does not have the same load
resistance as a monolithic glass of the same
thickness. For sustainable loads due to shear creep of
the Polyvinyl Chloride (PVC) interlayer laminated
glass is very necessary (Dolye, 1979 and Button,
1993). During accident the laminated glass would
slide against each other to share the oceanic impacted
loads among themselves.

CONCLUSION

The core research finding indicates that glazed
reinforced cement concrete matrix is more
strengheous and durable than the unglazed reinforced
cement concrete matrix. Thus, the effect of Lagosian
tropical equatorial wind and oceanic current load
capacities would be 15cm strongly shared into two
places because the glass employed was laminated.
Structurally this is better for the material safety and is
not stressful to a 30cm monolithic annealed glass.
Therefore, a toughened glass has the strength to
withstand higher pressure than the annealed glass.
For improved strength because of the comprehensive
workload inside the Atlantic Ocean within Lagos in
Nigeria toughen-laminated glass was employed for
the research experimental model. The study works
effectively at a micro model level. But further
researches are planning to be carried on a larger scale
of this research activity within the Pacific Ocean.

Problematically, toughened glass could also be
disintegrated; if fractured with oceanic impact from
the semimetal stones or gravels. Causative factors
for such fractures could be prevented by employing
laminated toughened glass as a safety measure. This
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was done to lethal oceanic currents from affecting the
exotic structures at the Atlantic City of Victoria
Island. Significantly, to accommodate the possibility
of accidental damage during lethal oceanic surge or
high magnitude tsunami, the toughen laminated glass
employed should have an extra back up of 15cm
thick float glass than the actual design load required.
This is for safety purposes. More research activities
are planning for future experimental models against
tsunami at China, Japan, and Indian coasts chiefly.

Literature surveys on tsunami within the Pacific and
Indian Oceans have shown an indirect relationship
between the frequent seismic and human activities
within Oceanic environments. Technically more
glazed concrete matrix is to be studied further. For
guaranteed safety, if the structural and mechanical
designs indicate that more than two 15cm glass
leaves are sufficiently required then three glass leaves
should be employed.

Conclusively for an improved strength and durability
of the Atlantic Oceanic wall defense system the
reinforced cement concrete matrix should be glazed
properly. For uniform strength and protection, all
glass leaves of toughened laminated glass should be
of the same thickness. This is the secret behind the
2000years durability for the oceanic wall defense to
used for the Eko Atlantic City at Lagos in Nigeria.
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Table. 1: Floods Related Disasters In 2007

COUNTRIES AFFECTED EVENTS
PEOPLE

China 35 million Flood
India 30 million Flood
Bangladesh 8.5million Flood
North Korea 960,000 Flood
West Africa 800,000 Flood
United state 500,000 Flood
Mexico 500,000 Flood
Pakistan 377,000 Flood
Britain 350,000 Flood
Boliva 350,000 Flood
Sudan 150, 000 Flood
Dominican 65,000 Flood
Republic

Madagascar 33,000 Flood
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Sources: Scripps Institution of Oceanography 2012.
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Figure 1: Floods and natural disasters as affecting millions of people between 1970 to 2010.
Source: World Bank Staff; Natural hazards, unnatural Disasters (2010).

Note: Disasters affect all regions, but hydro meteorological hazards affect continental coastal areas mostly.
Major are affected are in West Africa, Europe, South and East Africa; South and North America. These are
areas proned to floods and storms. Several millions of people were affected between 1970 — 2010 than earlier
recent decades where most people affected lived in cities and urban areas like Lagos. Flood in densely populated
area of Lagos should be prevented.
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Figure 2: Floods and storms disasters in the world between 1970 — 2010.
Source: World Bank staff; Natural and unnatural Disasters (2010).

Note: Disasters affects all regions of the world. Flood and storms are the most common. Differences across
countries suggest some countries prevent disasters better than others. Early warning systems reduce deaths
caused by storms and floods. Therefore, Nigerians should be aware of flood warning systems.
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Figure 3: Global damage from hazards on the rise from 1970 — 2010.

Source: World Bank Staff; Natural and unnatural Disasters (2010)

Note: Rich countries incur greater damage than the developing nations in Africa and Asia. Absolute damage is
largely occurred in rich countries with more assets. But impact of floods and other disasters affects the
economies of developing countries significantly.
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