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PREFACE

In response to the request of the Government of the Republic of
Maldives, the Government of Japan has decided to conduct a basic design
study on the Project for Constructing Breakwaters on Southern Coast of
Male' and entrusted the study to the'Japan International Cooperation
Agency (JICA). JICA sent to Maldives a study team headed by Dr. Takaaki
Uda, Head, Coastal Engineering Division, Public Works Research Institute,
Ministry of Construction from July 30 to August 21, 1987,

The team had discussions on the Project with the officials concerned
of the Government of Maldives and conducted a field survey in the Project

area. After the team returned to Japan, further studies were made and the

present report has been prepared.

I hope that this report will serve for the development of the project
and contribute to the promotion of friendly relations between our two

countries,

T wish to express my deep appreciation to the officials concerned of
the Government of the Republic of Maldives for their clese cooperation

extended to the team,

Novemeber, 1987

fole [t

Keisuke ARITA
President

Japan International Cooperation Agency
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Panoramic View of Male' Island
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Breaker Height Survey (1/2) Breaker Height Survey (2/2)
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SUMMARY

Along with the rapld increase in population and the development of
industries on Male' Island, the capital of the Republic of Maldives, the
‘demand for land therein has increased year after year and 1t has become

essentilal for the government to secure it,

The Male' Land Reclamation Project was thus started on the southern
coast of Male' in 1979, and a total of about one million sq. meters of
land have been reclaimed. However, the present shore protection
facilities only congist of a few deterlorated seawalls and simple detached
breakwaters piled up with coral rocks which do not constitute safe and
durable shore protection, Consequently, a large portion of the eastern
area on the southern coast was deeply eroded as a result of the high tidal
waves that occurred In April 1987, Presently, the reclaimed area is only
about 25 to 30m wide from the shoreline, and residential areas are exposed
to very dangerous conditions. In those areas, several important projects
such as construction of the primary school, power station and houses are
being promoted rapidly, and immediate countermeasures are required for the

shore protection.

Immediately after the disastrous high tidal waves mentioned above,
the Government of Japan dispatched a team of Japanese experts on coastal
engineering to the Maldives and conducted disaster investigation and
relief activities in response to Maldives' request. The team of experts
submitted thelr recommendatlons to the Government of Maldives on the
necessity of the urgent construction of shore proteétion facilities on the

southern coast of Male'.

Under these cilrcumstances the Government of Maldives requested the
Government of Japan to provide Grant Aid for the Project of constructing

breakwaters on the southern coast of Male'.

In response to this request, the Government of Japan decided to send
a basic design study team to the Maldives through the Japan International
Cooperation Agency (JICA) from 30th July 1987 to 21st August 1987,



The team had a series of discussions with the Maldivian authorities

concerned, and conducted various investigations including field survey.

After returning to Japan, the study team compiled the optimum basic design

for the Project based upon the results of the study and investigations,

The basic schemes for the Project of constructing breakwaters are as

follows:

(1)

(2)

(3)

(4)

(5)
(6)

(7)

The construction area of the Project shall cover 1.52 km on the
southern coast of Male' from the eastern edge to the proposed inter-

island harbour project site on the western edge.

The Project will be planned so as to comply with the Development
Proposals for Male' Reclamation prepared by the Government of
Maldives. '

The shore protection facilities will be set up on the reef.

The location of the shore protection facilities will be determined by
topography, distance from the reef edge, water depth, wave breaking
points, the development proposals for Male' reclamation, erosion
conditions of reclaimed land, utilization of existing detached
breakwaters, navigation route plans along the inland side of the
existing breakwaters as well as the effect of the constructed shore
protection facilities, safety and ease of construction, the cost of
the Project, etc.

The shore protection facilities shall be detached breakwaters with
openings,

The detached breakwaters shall be perméable ones comprised of

concrete armour units and coral rocks,

The first priority constructlon zone of the detached breakwaters
shall be the front area of the proposed primary school construction

site and the reclaimed area where is eroded landward widely and

deeply by the high tidal waves of April 1987,

id



The outline of the construction of the shore protection facilities

18 summarized as follows:

Relevant project area Front area of reclaimed land on the

southern coast of Male'

Design length of shore protection 1,520m

facilities

Type of protection facilitiles Permeable detached breakwaters with
openings

Composition and dimensions Detached breakwaters comprised of

concrete armour units and coral

rocks

Crest length 100m =x Crest width
4.7m x Height 4m x 2 sets

Crest length 120m x Crest width
4,7m x Height 4m x 8 sets

The costs for the Project to be borne by the Maldives side will be
the following iftems, roughly estimated at 35,000 Maldives Rufiyaa (540,000

Japanese yen).

~ To provide accessible roads to the Project site both from the main

road and from the construction liaison office

- To provide facilities for the distribution of electricity,
telephone and other incidental facilities to the temporary office

The agency responsible for the execution of the Project in the
Maldives 1s the Department of Public Works and Labour (DPWL).

iid



The DPWL will ensure the smooth progress of all works for the Project

through close communication and coordination with the Japanese consultant

and construction contractor.

The construction work will be divided into three phases. The outline

of the congtruction work in each phase shall be as described below.

(1)

(2)

(3)

‘Phase I

Construction of detached breakwaters made of concrete armour units
{crest length 100m x 2 sets)

Phase IT

Construction of detached breakwaters made of concrete armour units
and coral rocks (crest length 120m x 2 sets) and of detached
breakwaters made of concrete armour units (crest length 120m x I set

and crest length 70m out of 120m 1 set)

Phase III

Construction of detached: breakwaters comprised of conerete armour
units and coral rocks (crest length 120m % 2 sets) and of detached
breakwaters made of concrete armour units (crest length 120m x 1 set

and crest length 50m out of 120m 1 set)

The construction period, including the detailed design and tendering

periods after the Exchange of Notes, will be the following:

Phase I : 10,0 months
Fhase IT : 11.5 months
Phase TIT : 13.0 months
Total 34,5 months

iv



The DPWL shall be responsible for acquiring land and securing

" accessible roads for construction, including land for the temporary
material storage yard. Installation of power distribution facilities,
telephone lines and other incidental facilitiles to the temporary office
are also to be undertaken by the DPWL and shall be finighed by the
sﬁecified deadline,. '

The implementation of the Project will make it possible to enhance
the securlty of reclalmed land and urban facilities in the southern coast
area of Male'. It will also contribute to the promotion of a stable
national development and it will protect the life and property of the
citizen in Male', Furthermore, its implementation will increase employ-

ment opportunities other than secure safeness of Male' island.

It is obvious that this Project will benefit the people of the
Maldives and it is quite appropriate to implement it under the grant aid

gcheme of the Japanese Government.
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CHAPTER1 INTRODUCTION

it 1s a primary feature of the archipelagic countriesg that they form
their nations by integrating many of the isolated islands. Because of the
scattered nature of the islands, its ﬁolitical and economic functions are
inevitably concentrated in the main island., This situation often

accelerates overpopulation in the main island and depopulation in others.

The Republic of Maldives shares such characteristics, In spite of
the government's efforts to reduce migration from isolated islands or
atolls to Male', the capital of the Maldives, it has become overpopulated
due to the inflow of people searching for employment and high grade
education and due to the natural growth of the population.

The country has consequently directed its efforts, since 1979,
towards the acquisition of land for housing, schools, the power stationm,

port facilities etc. by reclaiming reefs on the southern coast of Male'.

One of the existing shore protection facilities in the southern coast
area of Male' is a heavily deteriorated old seawall about 100m long and
1.5m to 2.0m high, made of coral stones with cement mortar iIn the eastern
edge area. The other is a detached breakwater 2m teo 3m high, about 600m
long toward the west from the point of 500m to 600m west from the east
edge, This detached hreakwater is made of céral rock of 0. t to 3.0t per
piece obtained by blasting coral reef rock foundations In shallow area of

the reef and i1s piled up seaward.

Both of these shore protection facilities were damaged by the high
tidal waves and piled coral rocks have been scattered. Other than these
facilities, there are no shore protection facilities on the southern

coast,

The reclaimed land is almost at sea level and, nearly flat, so that

it 1s quite vulnerable to high tidal waves.



In April 1987, a high tidal wave swept the country. Because of the
present situation of shore protection mentioned ahove, a wide range of the
reclaimed land on the southern coast of Male' was eroded and the seawalls,
housing and various other public facilities were seriously damaged.

The construction sltes of important facilities, such as the primary school

and the power station, were inundated for several days.

Considering the protection of the life and property of Male' citizen,
the preservation of the capital city functions, the promotion of astable
urban development programmes and other requirements, the existing shora
protection facilities in the southern coast area seem to be extremely
Insufficient in terms of botE scale and quality. Under these circums-
tances, implementation of the Project is of urgent necessity., FEver since
the disaster caused by unusual high tidal waves of April 1987, the
construction of shore protection facilities in this area has heen raised
by the Government as the most urgent project. Furthermore, the inter-.
national emergency aild teams which were dispatched from Japan and the
Netherlands, respectively, had recommended to the Maldivian authorities
that full-scale shore protection facilities should be constructed as early
as possible.

Having suech a background, the Government of Maldives submitted a
request to the Government of Japan for the provision of grant aid for the

construction of the shore protection facilities of Male',

The Government of Japan reviewed the request and decided to execute a
basic design study of the proposed Project. Based on this decision, the
Japan International Cooperation Agency dispatched a basic design study
team (Refer to APPENDIX II) headed by Dr. Takaaki Uda, Head, Coastal
Engineering Division, Public Works Research Imstitute, Ministry of
Construction, to the Maldives from 30th July 1987 to 2lst August 1987,

The objectives of this study were to clarify the present situation of
the shore protection facilities and study the propriety and effect of the
aid for the construction of shore protection facilitlies on the southern

coast of Male'.



The actual studies executed at Male' were tide level observation,
surveying, sounding and levelling in the Project area, trace survey,

breaker helght survey and so forth.

The study team executed such fleld Investigations while holding a
series of discussions with the Maldivian authorities concerned on the
background, objectives and other matters of the request, The Minutes of
Discussgion have been attached as the results of discussions (APPENDIX I).

After returning to Japan, the study team prepared the Basic Design
Study Report on the Project of Constructing Breakwaters on Southern Coast
of Male' based on the present conditlons of reclaimed land and existing
shore protection facilities, maintenance and management of the facilities
and relation to other development projects as well as the propriety,

contents and extent of this Project,
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CHAPTER2 BACKGROUND OF THE PROJECT

2.1 Present Shore Protection Conditions and its Administration

2.1-1 Conditions and Problems of Present Shore Protection Faciiities

The existing shore protection throughout Male' island have
been heavily deteriorated with the exception of a part of the quay
wall of Male' Harbour on the northern side, which was constructed
in recent years. The current situation and problems are as
desgcribed below!

(1) Southern coast area

- There exists an old seawall of about 100m consisting of
coral stones with cement mortar In the eastern edge area
but there are no other protection facilities in the other

area.,

-~ Both ends of the above seawall were damaged due to high
tidal waves, and the damage seems to be expanding year

after wear.

- Moreover, the helght of seawall from the foundation bed is
only about 1.5m to 2.0m and waves would overtop the

seawall easily in times of rough weather.

~ Although there are existing breakwaters of a height of
about 2m to 3m from the foundation hed made of coral rocks
of about 0.5t to 3.0t in weight per piece over an exten-
sion of about 600m towards the west slde from the position
of about 5300m to 600m from the eastern edge section, there

1s no such breakwater In the other areas.



(2)

(3)

(4)

Meanwhile, the above detached breakwater is located some
30m to 50m offshore,

Although the existing detached breakwaters have a 'substan-
tial wavebreaking effect, they have been impaired as rocks
are scatftering. The breakwaters in the east side have
been damaged extensively. Thus, 1t would be difficult to
maintain the durability of the breakwaters over a long
period,

Eagtern coast area

There is an old seawall with a crest width of 1,5m and a
height from foundation bed of about 1.5m made of coral
stones with cement mortar and covered with concrete about
S5cm to 10em thick,

As the concrete cover and base section of the seawall have
been considerably damaged, there are seriouz problems in

its durability and safety.

Western coast area

The shore protection structure, excluding that in the
harbour area, is roughly in the same situation as those on
the eastern coast, and surface concrete covering have been

partially damaged,.

The base section of the seawall has heen particularly
damaged which brings about a problem concerning durability

and safety,

Northern coast area

The majority of the shore protectlon structure along the
Marine Drive in front of the President's Office, Ministry



of Foreign Affairs and other governmental and private
pffices are comprised of quay wall which is made up of
coral stones covered with concrete. Front water depth is
of about 0.5m to 1.5m, This quay wall also has been

damaged at its base section over a considerably long span.

~ Adjacent to the reef edge in front of the existing quay
wall, there are breakwaters with a crest width of about
1.5m and a helght from the bed of about 3m to 4m, These
were constructed bf plling up coral stones and covering
the surface with concrete. However, these hreakwaters
have deteriorated and been substantially damaged.
Breakwaters which have been so damaged that their original
form 18 hardly retained extend over several ten meters,
especlally near the west coast. Tt has a serious problem

in its durability and safety.

2-1-2 Shore Protection Project and Foreign Aid

(1)

Shore protection project

The maintenance and management of the shore protection facil-
ities are undertaken by the DPWL. The position of the DPWL in
the overall organization of the Government of Maldives isg

shown in Fig. 2-1.

Presently, however, any systematic maintenance and management
of shore protection facilities have not been done except for

easy repalr of the seawall crest.

In addirion, any future shore protection plan has not been

concretely worked out,
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(2) Foreign aid

No foreign ald for shore protection has materialized until

now,

With regard to the disaster caused by the high tidal waves of

April 1987, however, assistante has been offered by several

foreign countries as listed below.

a)

b}

c)

d)

e)

Digpatch of a Japanese team of experts on tidal wave

- disaster assessment at Male' and Airport Island (Have

already submitted a report)

Dispatch of a Dutch team of experts on the disaster at

" Male' and Airport Island (Have already submitted a report)

Dispateh of experts under FAO Fund

Dispatch of Indian experts to assess the damages on
Airport Island

Dispatch of British experts to assess the damages on
Airport Island

2-2 Outline of Related Development Plans

2-2-1 National Development Plan

In order to formulate a ccherent strategy for the purpose of

promoting sconomic and social development throughout the Malddives,

the Gayoom administration established the National Planning Agency

in 1978,

In 1982, the agency was renamed the Ministry of Planning and

Development and prepared the Three-Year National Development Plan



for 1985 - 1987, the first integrated development plan for the
Maldives.

The plan is in two volumes, Volume 1 of the plan consiats of
two parts, Part I deals with the macro-aspects of economic and
social development and Part II covers the outlook for sectorial
development in detail. Volume 2 provides the details of develop-
ment projects for implementation over three years from 1985 through
1987, The following long term objectives and policles of priority

are deacribed in this development plan.
Long Term Objectives

1. To improve the living standards of the people
2, To balance population density and economic and social
progress hetween Male' and the atolls

3. To attaln greater self-reliance for future growth

Prioritiles

1. To increase the national product and particularly foreign

exchange earnings
2, To improve health and sanitary conditions

3. To achieve uniformity and upgrade education and training
levels

4, To accelerate the integrated development of atolls

5. To relieve Male' of its congestion in terms of population

and economic activity

6. To prevent damage to the national environment

- 10 -



2-2-2 Outline of Related Projects and Relationship with the Project

(1)

(2)

Development Proposals for Male' Reclamation

For the purpose of securing land for the construction of the
school, hospital, power station, harbour and other public
facilities, the reclamatlion project in the southern coast area
of Male' was started in 1979, and completed a reclaimed area
of about one million square meter obtained by meinly using
soll, sand, etc. which came from the Male' inner harhour

extengion work in the northern coast area.

Under instruction from the President's Office, the OPPD
prepared the Development Proposals for Male' Reclamation
(refer to Fig. 2-2). On the basis of these development
proposals, relevant government agencies of the Maldives are

promoting the various projects,

Construction project for Inter-Island and Fisheries Vessel

Basin

The constructlon of a harbour with the following objectives on
the southwestern coast of Male' 1s projected, using financial

asslstance from the UNCDF since 1986:

~ To provide an alternative inter-island fisheries vessel
basin in order to accommodate the future expansion of the
commerclal harbour,

- To facilitate inter-island trade.

~ To provide better landing facilities for the fishermen in
Male'.

At present, the plan for this project is being worked out

subsequent to the completion of sounding,

- 11 -



(3)

Since the site of this project is lacated close to the Project
site and both projects aim to construct coastal facilitiea, it
1s necemsary to be coordinated mutually, During the field
survey perilod, the study team was certified by the Maldivian
authorities concerned that the site of the harbour construc~
tion project would overlap with that of the Project. Since
the Project is scheduled to be executed before the harbour
construction project, ccordination between both projects shall
be ensured by reflecting the contents of this Basic Design
Study Report onto the harhbour construction design by the

Government of Maldives. -

Male' garbage diasposal scheme

- This project is intended for the construction of garbage

disposal and treatment facilities for the following objectives

on the coral reef at the eastern edge of the southern coast of
Male':

~ To collect and dispose garbage in Male'.
~  To maintain Male' -~ the capital in terms of cleanliness.

—~ To reprocess garbage and waste collected on a large scale
for the production of compost, fish-meal, poultry feed,

etc.

Since the outlook for securing overseas financial assistance

is not clear, this project has not yet materialized.

The site of the garbage disposal and treatment facilities is
planned cleose to the reef edge within the Project site and 1t
is not feasible to construct such facilities, judging from the
coastal engineering point of view. Therefore, it will he
proposed to the relevant authorfities that.the ‘construction

site should be changed based upon the hasic design study

- 12 -



(4)

(5)

results for the Project.
Male' new power station construction project

In prder to meet the rapidly growing demand for electric power
on Male' until 1991/1992, this project is intended for the
construction of a 4MW diesel power atation (2 x ZMW)lbased on
a loan from the ADB on reclaimed land at the eastern edge of
the southern coast of Male', Under thils project, a power
tranamission and a distributlon network is also scheduled to

be improved.

Currently, negotiations are under way for a loan agreement
with rhe ADB, This project's design is due to be started at
the end of 1987 and itas construction at the end of 1988,
Since the congtruction site of this power station ig located
in an area susceptible to the high tidal waves, 1t will be
proposed to the relevant authorities to change its location
slightly based on the basic design study results for the
Project,

Male' water supply and sewerage project

On the basis of the economic assistance from the KFW, the EEC
and the SFD, this project is intended for the construction of
potable water supply and sanitary sewage networks and facili-
ties in order to secure an adequate supply of potable water,
thereby preventing contagious diseases and reducing infant

mortality,

At present, sewer drainage facilities are under construction
and scheduled for completion in May 1988, with roughly 60%Z of
the work already completed,

The construction work of the drainage system on the reclaimed

land in the eastern part of the southern coast within the

- 13 =



Project area 1s executed based on the development proposals
for Hale' reclamation in item (1) above. 1In the case of the
drainage system Iin the area where erosion of land was caused
by the high tidal waves, however, the detailed design of the
drainage network shall be carried out by the Government of
Maldives based on the reclamation limit presented in this
Basic Design Study Report, This 1s to ensure coordination of
guch facilities with the Project.

(6) Sea water desalination project

On the basis of grant ald assistance from Denmark, this
project is intended for the construction of a 1,000t/day and a
200t/day sea water desalination plants. The 1,000t/day plant
18 designed to desalinate sea water through the effective
utilization of waste heat from the proposed new power station
in Item (4) above. In consideration of the fact that the
intake pipes to this plant could interfere with the proposed
detached breakwaters and the Project is scheduled to be
started prior to the commencement of the desalination project,
coordination of this project with the Project shall be ensured
by reflecting the contents of this Basic Design Study Report
into the plant design.

2-3 Course of the Progress and Contents of the Request

From the 10th through teo the 15th of April 1987, an unusual
high tidal waves swept the islands throughout the Maldives and
caused damages to houses, airport facilities, various other
facilities and the loss of seawall, Particularly sériously damaged
was the southern coast of Male', the capital city, where the
population and urban facilities are concentrated. The washing away

~of about 360,000 m” of soil from the large scale reclamation works

- by the DPWL severely hampered the promotion of the development
project of the Malddives,

- 14 -



Still more, Hulule Island, the airport island, also suffered
substantial damsge and the total amount of damages throughout the

country is reported to have exceeded US$6 million.

In response to the request of the Government of Maldives, the
Government of Japan dispatched a Japanese expert team for tidal
wave disaster assessment to the country from 24th April through teo
2nd May 1987 and the team executed a fileld survey of the disaster
conditions, provided medical relief and so forth. On this ocea-
sion, the team of experts recomﬁended to the Government of Maldives
that full-scale shore protection should be urgently promoted on the

southern coast of Male'.

Under such a background, the Government of Maldives requested
the Government of Japan to provide grant aild for the construction

of shore protection facilities on the southern coast of Male',

In response to the request, the Government of Japan decided to
examine the said request, and the Japan International Cooperation
' Agency (JICA) sent a Basle Design Study Team headed by Dr. Takaaki
Uda, Head, Coastal Engineering Division, Public Works Research
Ingtitute, Ministry of Construction to the Maldives, Sri Lanka and
S8ingapore from 30th July through 2lst August, 1987,

- 15 ~
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CHAPTER 3 OUTLINE OF THE PROJECT SITE

3-1 General Conditions

The Republic of Maldives is an archipelagic country comprised
of about 1,200 coral islands forming 19 atolls apreading over a sea
area of about 90,000 km® atretching over 120km in an east - west
direction and 750km in a north - south direction in the central
part of the Northern Indian OQOcean.

According to the announcement of the Maldives, the total land
area of the country 1s 298 km® and the number of inhabited and
uninhabited islands are 202 and 987, respectively. The country's
islands are generally flat and there are few islands where land
rises over 2,5m above the sea level, The coral reefs surrounding

each island form a natural protection against the action of waves,

Male' Island, where the capital hearing the same name is
located, has the largest population in the country. It is located
on the southern edge of the North Male' atoll with-its size being
about 1,6km long and about 1.2km large.

The total population in 1986 was estimated at 191,993 and
50,462 persons, corresponding to about 25% of the entire
population, are concentrated on Male', which is the political and
economic center of the countrv. From 1977 to 1985, the annual
average growth rate of population on Male' Island reached 6.257% in
total, At present, those visiting the capital for temporary stay
from other atolls are registere& at the Male' Munieipality, and,

. according to the forecast of MPD, the annual average rate of

inerease of the population is estimated to decrease gradually from
4,27 to 2.1%.

The Maldive Islands became Independent in July 1965 after the
end of the British protectorate and immediately became the 1l4th

- 17 -



member nation of the United Nations in September 1965, Subsequent-
ly, in 1968, a plebiscite was executed, and the country became the
Republic of Maldives with the abolishing of the sultanate system

after obtaining a concensus of over 80Z.

With regard to the economic situation, GDP was 683 million
Rufiyaa (US$96,2 million), corresponding to US$530 per capita in
1985,

The industrial structure is comprised of three major indus-
tries, namely, fishery, tourism and shipping, as well as other
agricultural, traditienal and modern industries. In 1985, the
fishery induatry shared 247 of GDP, 36Z% of total employment and as
much as 68%Z of total exports. In 1985, the tourism industry
occupied 16% of GDP and recorded 22% of total tax revenues. The
annual number of tourists was 114,600 and the number of Japanese
tourists has been iIncreaging in recent years. The shipping indus~
try is exerting a significant effect upon the Maldivian economy,
judging from the fact that the industry is exporting an amount
equivalent to 247 of GDP, On the other hand, the agricultural
Industry shares only 10%Z of GDP because of the lack of arable land
and high alkalinity of the soil. Traditional industries are mainly
comprised of boatbuilding and handicraft, while modern industries
include those producing food and beverage, tuna canneries, mica
fabrication, weaving and sawing, PVC plants and so forth. As can
be recognized from the above, the Maldivian economy and its
industrial structure is highly susceptible to the fluctuation of

the international market because of its nature of the three largest

industries,

Financially speaking accsrding to the records of 1985, the
annual revenue is equivalent te 207 of GNP, out of which 44%
originates from government enterprises and income from property and
56% 1s the tax revenue. Annual expenditure 1s equivalent to 297 of
GNP. The amount exceeding the internal revenue among the annual

revenue is replenished by external financilal resources.

- 18 -



3-2 Natural Conditions

3-2-1 Geological Fealures

(1)

General

Geologically, the Maldive Islands are classified as coral reef

islands.

According to existing data, the inland section of Male' Island
consists of filling, conglomerate~containing sand, fine sand,
organic silt, weathered reef coral and coral rock. The
groundwater level is located 0.6m to 1,0m below the average
surface level, and stays in a lens form inherent to coral reef
islands while keeping the balance beatween the amount of rain
water permeating into the ground, the amount of sea water
advancing from the surrounding coast and that of pumped up

water,

The contractor executing the sewerage construction work is
using this underground water as water for construction,
However, this underground water tends to become slightly

insufficient because of recent small rainfall.

The amount of water required for construction, namely, for the
mixing of concrete and the curing of conerete armour units and
for other purposes under the Project, is roughly estimated to
reach 6,500m® to 7,000m® during a period of about twenty-two
months, Should such underground water be used for construc-
tion work under the Project, the balance of demand and supply
will be biased on the demand side, thereby causing a major

effect upon the life of the residents due to the progress of

,ground water salination and serious environmental disruption,

Consequently, a simple sea water desalination plant shall be
installed to ensure the supply of construction water for the

Project.
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(2)

Meanwhile, the elevation of the ground in the southern coast
reclamation area is some 0.7m to 1.0m above the average sea
level according to the results of levelling and tide level

observation.

Evaluation of the coral limestone as the bearing foundation

bed in the proposed detached bfeakwater construction area

The proposed detached breskwater coustruction site 1a located
on the reef some 30m to 50m landward from the reef edge and

coral rock ls exposed adjacent thereto.

The exdisting detached breakwaters were constructed by piling
up crushed coral rock obtained by blasting coral limestone
reefs. As a result of tests on the limestone samples brought
back to Japan, the unconfined compressive strength and the
unit weight were found to be 318 to 482 kg/ecm? and 2.28 to
2,41 g/cm®, respectively.

The excavated depth was about 4m to 6m, and it 1s thought that
there 1s such coral rock down to the excavation bottom accord~

ing to the results of visual observation.

Therefore, the coral limestone forming the foundation bed for
the detached breakwaters is deemed to be considerably thick,

When the overburden preassure of detached breakwaters iz deemed
to be as small as roughly 5t per square meter, thizs limestone
is evaluated to have sufficient atrength as foundation bed and

to fully withstand the erosion or scouring by the waves,

- 20 -



3-2-2 Meteorological Features

The Maldive islands are located in a tropical climate zone and
the temperature and humidity are high. The year is divided into
two monsoon geasons. May through October 1s the southwest monscon
season and rainfall is heavy, wﬁile the season from December
through March is the northeast monsoon season and rainfall is

glight. The annual precipitation is about 2,000mm.

The lowest and highest temperatures are average 25°C and 32°C
and the yearly temperature difference is small, The annual mean
humidity is as high as 79 to 867.

Presented hereunder are atmospheric temperatures, wind
‘velocity and rainfall in Male' for the past two decades from 1967
to 1986,
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Temperature (°)  Wind velocity (knots) Rainfall (mm)
Highest Lowest

Jan. 29.7 25,5 10,4 © 65.9
Feb. 30,1 25,7 8.7 57.6
Mar, 30,9 26,0 : 7.0 88.8
Apr. 31.4 26,4 7.7 125.5
May 30,9  26.3 10.3 228.1
June 30,5 25.9 10,0 157.2
July 30.4 25,7 9.6 170.1
Aug. 30.1  25.6 9,0 ' 191,6
Sep. 30.0  25.3 10.5 230,3
Oct. 30.0  25.3 9.8 227.8
Nov. 30,0  25.3 8.8 199.3
Dec. 29,7 25,2 9,4 221,8
Average 29.5 25.7 9.3 163.7

Bource: Meteorological data, 1966 -~ 1988
National Meteorological Centra
Department of Meteorology, Male',
Republic of Maldives

3-2-3 Oceanic Features
(1) Ocean currents and tidal currents

According to existing data, the flow of sea water around Male'
Island seems to be much more affected by wind than the tidal

current.

Within the chammel on the eastern side of Male' Island, the
ocean current flows in from the Wadu channel onto the socuthern
slde. During the northeast monsoon season, the dlstributary

of this ocean current flows toward the northwest after passing
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(2)

through this channel, This ocean current then flows westward

between Male' Tsland and Funadu Island.

According to the results of an observatilon carried out by a
British Survey ship in Feb. 1972, this ocean flow starts one
and half hours before the flood tide and continues to flow _
until one and half hours before the ebb tide. On the northern
side of the Male' Island breakwaters, the current reaches its
highest velocity of 2.5 to 3 knots during the flood tide. The
current then flows along the northern side, During the
northeast mongoon season, a strong current was reported near
Male' Harbour. During the southwest monsoon season, the
distributary of this current flows into the northern Male'
lagoon through the channel on the southern side of the islands
west of Male' Island. After passing through the channel on
the western side of Male' Island and the channel between Male'
Island and Funadu Island, the current flows to the south and

runs out Into the Wadu channel.

Sea level

Based upon an analysis of the tilde level records observed by
the Basic Design Study Team inside Male' Harbour, the datum

level was established to be 0.5lm below mean sea level. The
highest and lowest sea levels during the tide level chsgerva-

tion period were as listed below:

Highest sea level: DL +0.94m

Lowest gea level : DL ~0,18m

For further details, refer to APPENDIX VIIL.
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(3) Waves
The results of fleld investigatlon are as summarized below:

1) During the field investigation period, breaking wave
height was roughly 1.5m and the period was about 10 to 11

sec,

2) TFrom the results of fleld investigation by direct ques~

- tioning, the following ltems were confirmed:

a) During the northeast monsoon season, since waves
advance mainly from the northeast, the southern coast

of Male' Island is comparatively calm.

b) During the southwest monsoon season, waves hecome high.

on the southern coast of Male' Island.

3-3 Infrastructure Condition
3-3-1 Harbour

All exports and imports of goods to and from the Maldives are

effected by shipping and are handled in Male' Harhour.

Since there is no quaywall of sufficient draught for the
mooring of large-scale ocean vessels in Male' Harbour, only fishing
boats, inter-island transport ships, sightseeing boats, coral~
taking boats and other amall-scale ships can enter the harbour.
Under the present situation, only a part of the quaywall, of a
length of approximately 1,350m, is available for the repair of
small-scale ships, fuel supply and other purposes. Thus, the cargo

handling capacity of Male' Harbour is inadequate.

Consequently, ocean vessels are anchored in deeper lagoon

outside the coral reef surrounding Male' Harbour and cargoes are
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carried by tugboats and barges to the 1sland. A comparatively long
time and a lot of work is therefore required and it is necessary to

improve the handling capacity of Male' Harbour as soon as possible.

A 240ps tughoat, a 165ps tugboat and thirteen 50t to 150t
barges are available in the harbour., The maximum lifting capacity

of the cargo handling cranes (truck cranes) is 25t,

In anticipation of the future expansion of Male' Harbour and
the promotion of inter~island trade, the Government of Maldives
established a project for the construction of a harbour on the
southwest corner of Male' Island and is developing a plan based

upon econcmlc assistance from the UNCDF since 1986.

3-3-2 Roads

Most of the roads within Male' Island are simply covered with
coral stones and coral sands, and only parts of the main roads are
covered with conecrete. Although road width ranges from 3.6m to
10m, the majority of roads are narrow and limited to one-way
traffic. They frequently intersect in a complicated manner and

traffic of large scale vehicles 1is substantially limited.

Side ditches and other drainage systéms have not been provided
along the roads. Uneven road surfaces, as well as the lack of
permeability due to the high ground water level and road materials,
lead to the formation of puddles here and there on every road after

rainfall and road conditions are not favourable,

For transporting the equipment and materials unloaded In Male'
Harbour to the Project site, only the road along the harbour and
that on the east side of the island are considered to he available.
Judging from the conditions of these roads, however, it is con-
sidered difficult to transport such equipment and materials through

these roads.
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The equipment and materials for this construction work will
therefore be transported directly to the work site on the southern
coast by barges, etc., and a temporary jetty will be constructed

for temporary customs clearance and unloading.

The adoption of this method has . already been agreed upon with

the Government of Maldives.

3-3-3 Electric Power

Responsibility for the supply of electric power to Male' and
the international airport located in Hulule island rests with the
Maldives Electricity Board (MEB). Namely, electric power is
supplied from the 3,2MW diesel power plant on Male' Island and the
IMW diesel power plant for the international airport, On other
lslands including resort islands, electric power 1s supplied by

private power plants.

Electric power from the thirteen substations on Male' Island
is distributed after stepping downtown from 3.3kV to single phase
230V in the case of substations No. 1 to No. 8, while 11kV is
distributed after stepped down to three~phase four-lines systenm
400/230V in the case of substations No. 9 to No. 13. The frequency
is 50Hz. )

Electric power consumption in Male' grew at an annual average
growth rate of 7.7Z from 1975 to 1980, and demand for industrial
and commercial sectors has been also increasing. Since the capaci-
ty of the existing power plants is not sufficient to meet the
increase in demand, the use of air conditioning units and other
power—consuming equipment is prohibited from 6:30 P.M, to 10:00
P.M. Under such circumstances, the MEB decided to construct a 4MW
power plant and to improve power transmission and distribution
networks based on economilc assistance from the ADR. Meanwhile, the
MEB is reportedly preserving a one and half months portion of fuel,

25,000 gallons, required for power generation.
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3-3-4 Water Supply and Sewerage Systems

The eradication of epidemics caused by water is an dmportant
task for the Maldives and it is of urgent necessalty for the country
to replenish its water supply and sewerage facilities and ensure a
supply of safe potable water. Thare 18 no public water supply
gsystem in Male' so that rain water 1s used as potable water and
every household 1s required to install a rainwater catchment
facility. For other miscellaneous purposes, underground water is

used.

At present, a sewerage and drainage piping network construc-—
tion project ic promoted by a West German contractor on Male' with
Fhe finance and local assistances of the KFW, the EEC and the STFD.
This project 1s scheduled to be completed in 1988,
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CHAPTER 4 CONTENTS OF THE PROJECT

4-1 Objectives and Contents

The results of disaster caused by the high tdidal waves in
April 1987 gives a vivid account of its peographical weakness and
susceptibility against those wave attacks,

As described in Clause 2~1, there are serious problems
regarding the exdsting shore protection facilities, and should such
facilities be left as they are, it would become difficult to ensure
a stable life for the pecople. This Project is intended to reduce
the extent of damages caused by the high tide or waves on Male' and
to prevent the spread of epidemics and other secondary disasters.
It is also intended to secure not only the life of the people but
also the urban functlons as the capital of the Maldives, and to
support the stable urban development by constructing shore
protection facilities on the southern coast of Male', where the

functions of the capital city are concentrated,

For a country like the Maldlveg, where the ground levél is
geographically low, high tide and waves constitute a serious threat
to the important functions of the capital eilty and to the life and
property of the citizens, The Project will -greatly contribute to
securing the urban functions of Male' and ensuring the protection
of the lives and properties of resldents as well as enhancing the
development of the island and the stabilization of the citizens'
life.
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4-2 Evaluation of the Request

Although the request from the Government of Maldives covered
the construction of shore protection facilities on Male' to reduce
the damages caused by such high tidal waves that occurred in April

1987, further detalls were not mentiloned.

As a result of studies based on investigations of the
conditions of the exldasting shore protection facilities,
conflrmation of the contents of the request from the Government of
Maldives and a study of data anﬁ information collected during the
field investigation, it has been coneluded that the construction of
the following facilitles on the southern coast of Male' is
approprilate. The outline of these facilitiles is as presented in
Items (1) to (5) below. A draft plan for shore protection
facilities Indicated in ANNEX 2-1 and 2-2 in the Minutes of
Discussion was presented to the authorities concerned of the
Maldives and discussions were held with regard to technology,
maintenance, management and other items during the period of field
investigation. 1In the course of its preparation of the draft
congtruction plan, the Basic Design Study Team considered not only
the urgent'necessity, effectiveness and safety, eese of execution
and economics of the construction work, but also took into account
the coordination of the Project with other related projects such as
the primary school construction project, the power plant
construction project, harbour construction and other projects as

well as the current state of existing shore protection facilities.

(1) The Project area shall be 1.52km along the southern coast of
Male' from the eastern edge to the proposed harbour project

area in the western corner,
(2) The shore protection facilities shall be planned on the coral

reef and be comprised of detached breakwaters of dimensions of

100m or 120m in crest length and 40m in opening width,
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(3

(4)

(3)

The detached breakwaters shall be permeable and consist of

concrete armour units and coral rocks.

The proéosed detached breakwaters shall be located at virtual-
ly the same position as that of the existing detached break-
waters, taking into account the topography, distance from the
reef edge, water depth, and wave breaking point, In designing
the facility, the Development Proposals for Male' Reclamatiom,
the reclamation limit, the eroded conditions of the reclaimed
land, the utilization of existing detached breakwaters, the
ﬁavigation route plan provided on the inland side of the
breakwaters along the existing detached breakwaters, the
envisaged benefits, the safety, ease of executlon and the cost
of the construction work were considered. However, the
detached breakwatera adjacent to the eastern edge area shall

be arranged somewhat closer to the shore,

The first priority construction zone shall be a zone of about
240m in the eastern edge of the southern coast because of

reasons described bhelow:

1) A wilde range of reclaimed land was eroded deeply into the
igland up to a place about 25m to 30m from houses, and
there is only a simple temporary protection facility
provided by embanking Im in height of earth along the
shoreline. This area i1s therefore exposed to very

dangerousg situations.

2) There is even no coral rock detached breakwaters on the

reef dn this zone.

3) The power station and primary school, the most important
facilities on Male' are scheduled to be constructed behind

this area,

4) Housing construction 1s rapidly promoted close to the

ghoreline.
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4-3 OQutline of the Project

4-3-1 Execution System

The responsibility for shore protection services 1s undertaken
by the DPWL. So far, the DEWL has executed only such mailntenance
work as simple repair work of crests of gubstantially damaged
seawalls and, therefore, has not performed any full-gcale

improvement, maintenance, repalrs or other works.

4-3-2 Basic Schemes for Planning the Project

The basic schemes for planning the Project are established as
follows:

(1) The applicable project area shall he 1.52km on the southern
coast of Male' from the eastern edge to the proposed inter-

island harbour project site on the western edge,

(2) The shore protection facilities shall be permeable detached

breakwaters with openings to be constructed on the reef.

(3) The zone of about 240m at the eastern edge of the southern

coast shall be the first prilority construction zone.

4-3-3 Summary of the Project

The Project of constructing breakwaters on the southern coast
of Male' is summarized as follows:

(1) The Project area is divided into the following three zones:
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(2)

(3)

(4)

(5)

a)

b)

c).

Zone I: Area where the reclaimed land at the eastern edge
of southern coast is most extensdvely eroded, with a total
length of 240m. This zone Is an area requiring urgent

countermeasures to he taken.

Zone IT: Area where existing detached breakwaters made of
coral rocks are constructed and thelr surrounding area,

with total length of 640m,

Zone TIT: Area on the west side from the terminal section
of existing detached breakwaters, with a total length of
640ml

In the respactive zones, the permeable detached breakwaters

with openings shall be constructed by randomly piling up

nominal 3t concrete armour units.

The crest elevatlon of the detached breakwaters shall be
DL+3.8m, and the crest width shall be determined by taking

into account the width in case three units are arranged in a

Trow.

The gradient of its slope shall be 1:4/3 or smaller on

both the seaward and landward sides.

The total sections of the detached breakwaters of Zones I and

IIT shall be comprised of concrete armour units, while the

breakwaters of Zone IT shall be constructed by using the coral

rocks of the existing detached breakwaters as core material

and covering the surface with conecrete armour units.

In Zone I, two detached breakwaters, each with a crest length

of 100m and an opening width of 40m, shall be constructed. In

Zones II and III respectively, four detached breakwaters,

namely, eight breakwaters in total with a crest length of 120m

and an opening width of 40m shall be constructed.
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CHAPTER 5 BASIC DESIGN

5-1 Basic Design Policy

The baslc design for the Project has been egtablished in

conformity with the following:

(1

(2)

(3)

(4)

(5)

In accordance with the development proposals for Male'
reclamation prepared by the OPPD under the Inatructions of the
President'; office and the contents of the requast made by the
Government of Maldives to the Government of Japan, the basic
design for the Project has been worked out for the purpose of
constructing appropriate shore protection facilities in the
araa exposed to the dangers of high tidal waves and thereby

reducing the potential danger caused by such waves,

The project aresa will be a sectlon of 1.52km on the southern

coast of Male',

In a part of the Project area, 1t can be found the existing
detached breakwater constructed by piling up coral rocks over
about 60Mm in a line almost parallel to the reef edge. This
breakwater is demonstrating a considerable wave-dissipating
effect, Therefore, this existing detached breakwater made up

of coral rocks will be utilized effectively for the Project.

Under the Project, the existing geawalls and the Inter-Island
Harbour project in the western edge area of the southern coast
will be taken into consideration in order to ensure good

coordination with other projects,
In consideration of the urgent necessity and importance of the

Project in reducing the disasters caused by high tidal waves

and prevent the occurrence of epldemics and other secondary
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(6)

(7)

(8)

(9)

(10)

disasters, the basic design will be intended so as to further
shorten the construction perilod while taking into account the
coat, ease of execution and safety of construction work.
Moreover, the basic design will be drawn so that the construc¥
tion works will be performed successively according to the
priority order set by both the urgency and importance of each

respective work,

The design standards applicable to the Project will be the
technlcal standards of Japan, Moreover, sufficient considera~
tion will be given so that the facilities under the Project
will not cause any problem in terms of compatibility with the
existing facilities,

The basiec design for the Project will be drawn so as to permit
ease of malntenance and management while minimizing the costs
Incurred in the future by taking into account the Maldives'

financial situation.

The basic design for the Project will be drawn so as to
increase employment opportunities and the transfer of tech-
nical knowhow to Maldivian engineers and make possible the
effective use of construction materials and equipment availl-

able in the Maldives.

Sufficient consideration will be given to obtain the under-
standing and cooperation of the Maldivian people with regard
to the implementation of the Proiect.

The detached breakwaters will be permeable breakwaters with
openings, Detached breakwaters have been selected for the

prevention of high tidal waves for the following reasons:
1) In accordance with the development proposals for Male!

Reclamation, the acquisition of a navigation route on the

inland side of the breakwaters is required.
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(11)

2)

3)

4)

5)

6)

7

With the detached breakwaters, it is possible to break
waves and reduce the amount of overtopping and wave runup
helght for the seawall which shall be constructed in the
future, Tt is further possible to obtain a calm sea area

behind the detached breakwaters.

The safety of the navigation route can be enhanced through
the effect of the breakwaters. In addition, it 1s possi~
hle to further reduce the scale of the shore protection

facillities to be constructed around the reclaimed land.
Erosion of reclaimed land can be prevented.

By slightly modifying the shape of the existing detached
breakwaters it will be possible to make utmost use of
exlsting coral rocks as the stone core for the new

detached breakwaters,

As the detached breakwaters will make it easier to execute
the construction work within a short period, the intended
objective could be attained earlier than by using other

types.
The construction cost is comparatively low,

The detached breakwaters will ensure comparativelv easy
maintenance, management and repair work, and will not
impose a mator technical and economic burden to the

Maldivian side after completion.

The Project is divided into the following three phases and the

construction work period of the respective phases after the

Exchange of Notes shall be as follows:

Phase I : 10.0 months
Phase 1I : 11.5 months
Phase III: 13.0 months
Total 34.5 months
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5-2 Study of Design Conditions

5-2-1 Summary of Design Conditions

The design and other conditions described in detail in 5-2~2 and

subsequent clauses are summarized as follows:

(1)

(2)

3

Design conditions

1), Datum level : 0,51m below MSL

2} Design highest high
water level ¢ DL +1,8m

3) Detached breakwater
installation water depth: DL -0,7m to +0.3m

4) Design wave

Wave hadght t 2.0m
Period : 14 sec,
Wave direction ! Perpendicular to the reef edge

Arrangement of detached breakwaters

The arrangement of the detached breakwaters 1is based on the

study in Clause 5-3 and as shown in Fig, 5-12,
Sectlon of detached breakwaters

The typical sections of the detached breakwaters are based on

the study in Clause 5~3 and presented in Figs. 5~16, 17 and
18.
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5.2-2 Design Conditions

(1} Datum level

A clear datum level has not beer established for Male' Island.

As a reference for the Project and varilous projects of future

facilities, the datum level has been established as presented

hersunder.

Based on the following flow chart, the datum level

has been mset to Zo = 0,5lm below the mean sez level.

Calculation of mean sea level
() and the sum of semi-ranges

of 4 dominant constituent tldes -

(X M) based on the tide observ-
ation data (frem Apr., llth '87
to Sep. 10th '87) on Male'Island

Caleulation of mean sea level

and 4 deminant comstituent tides

by meana of Darwin's method based

on the tide observation data
(Refer to APPENDIX VII)

Calculation of correction value

(h) of mean sea level based on -

the tide obhservation data at
Colombo Port

Calculation of the difference
between the mean sea level based
on the existing tide level data
for last 5 years (from Apr,'52 to
Dec,'57) and the monthly mean sea
level observed under this survey
(from Aug.15th'87 to Sep.l4th'87)
at Colombo Port

(Refer to APPENDIX VIN)

Calculation’of corrected mean

sea level(H )

o
Hy = Hp + b

Calculation of Datum Level (Z') R

7' = nh-wM
-

The symbols indicated in the above flow chart are specified in

Figu 5""1-
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/] R N gﬁ tide record
/
y D

Fig. 5-1 Relationship among levels.

Calculations on tide observation data for Male' Island are
listed below:

= 3,44m
HII = 2,93m
h = 0,08m
IM = 0.5Ilm

From these values, the datum level is given as follows:

H'II = HII +h = 3,0Im

Z! = HTI - IM = 2,50m (0,5lm below MSL)

Design highest high water level

According to Japanese standards, the design highest high water
level for coastal facilities for high tide conditions is
determined based on either of the following two methods:

a) Recorded highest high water level

h) Summation of Mean Springs High Water Level and recorded

maximum sea level departure from normal
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Since there 1s not any observation data available pertaining
to the sea level departure in Male', it ig impossible to
determine it for the island, The design's highest high water
level is therefore estimated according to the method in Item
a) above. The value in a) above is estimated according to the
methods in Items (:) and C) below:

The atmospherilec pressure at the time of the anomalous high
tide of April 1987 was l,Ollmb to 1,012mb, according to the
weather data at the airport dsland (Hulule)., The sea level is
therefore not considered to have heen raised due to low
pressure, According to the same data, moreover, wind velocity
and direction were respectively 4m/# to 6m/s and northwest -
west (NW - W). The sea level is therefore not considered to
have been raised by wind, and it is difficult to ddentify the

cause for thils high tidal waves at the present moment.

(:) Water level ohtained by adding the semi-ranpe of four
dominant constituent tides to MSL

The approximate HPAWL. 1is given by the following formula:
HHWL = MSL + (01 + K1 + 82 + M2)

The MSL and the semi-range of four dominant constituent

tides at Male' have been set as follows, based on tide

observation records on Male'. For further details, refer

to APPENDIX VIII.

MSL = DL-+0,51m
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Seml-range of four dominant constituent tildes:

01 (Principal lunar semi~diurnal) : 0,04m

Kl (Lunar-solar semi-diurnal)

: 0.llm

§2 (Principal solar semi-diurnal) ¢ 0.13m

M2 (Large lunar elliptic semi-diurnal): 0.23m

Total

0.51lm

The HHWI, can be derived from the above:

HHWI, = DL+0.51 + 0,5! = DL+1,02m

3 Maximum sea level estimated from the trace survey of the

anomalous high tide in April 1987

The tidal wave trace level obtained by fleld investigation

by the Basic Design Study Team 1s as shown in the table

below:

Table 5-1 List of the trace survey resulis.

Survey Point Trace Level {(m)
A DL + 1.73
B DL + 1.60
Y DL 4+ 1.63

Survey points are indicated in Fig,

All-1l In APPENDIX XI.

Based en the results of the study presented ahove, the HHWL

has been determined by taking into account the accuracy of the

data and the shortness of tide observation peried.

HHWL = DIA+1,8m
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Using the offshore wave data based on the design waves in Ttem
(5) hereafter, moreover, the rise of the water level at the

reef edge in estimated as follows for reference:

Equivalent offshore wave height (Hd): 4.lm

Offshore wave period (T) : 14 sec.
Offshore wavelength (Lo) '+ 1,56 T2 = 306m
Steepness of nffshore wave (Hé/Lo) : 0,013

Water depth at reef edge (R) : Im

R/HO = 0.24
From Fig, 5-2, ntll-lé = 0,24

Therefore, the wave setup (r}t) at the reef edge becomes

approximately lm as calculated below!

n, = 0,24 x Hb = 0.24 x 4.1 = 0,98m

m 2 r//‘,- ,
T 4.._61'0,. L O Mo/Ls
.

2 [N\, A ~0.015
0.2-9, \\ a 0.025-0.035
2 o & 0.035~0.045

"'}i‘i\,g‘v.\g\a% < 0,045~

Fig. 5-2 Wave setup at reef edge.

" Source: T. Uda and A. Omata, "A design method of
artificial reef", KATIGAN, Vol. No.27, 1987



(3}

(4)

The MSL at the time of the high tlde disaster estimated on the
basis of the ten constituent tides at Male' obtained from the
results of tide ohservation is DL -+ 0.82m. When the
above-mentioned wave setup at the reef edge is added to this

value:

DL+0,82m + 0.98m = DL+1,80m
As this value agrees with the design highest high water level
set previously, 1t is highly probable that an above assumed
degree of offshore waves swept the island.

Detached breakwaters installation water depth

Based on the results of sounding, the installation water depth

of detached breakwaters has been determined as follows:

DL-0.7m to +0.3m
Unit weight of various materlals

The unit weight of various materials adopted for design shall
be as specified below,

General unit weight values can be adopted for plain concrete
and sea water, and the unit weight of coral rocks has been
determined based on the results of tests on samples brought

back to Japan from the Maldives.

For further details regarding the results of coral rock tests,
refer to APPENDIX IX,

a) Plain concrete : 2.3t/m®
b) Coral rock : 2.3t /m®
¢) Sea water : 1.03¢/m®
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(5) Deasilgn waves

1} Wave height and period

The design wave helght has been estimated according to the

methods elaborated in the following Ttems a) and b},

The design wave period has been set at l4 sec., taking into

consideration the mean wave period (about 10 to Il sec.)

observed during the field investigation by the Study Team

and the period (about 13 to 14 sec,) calculated based on

the observation of the videc tape taken at the time of the
high tide disaster,

a)

Estimation of wave hedight in the breaker zone

Generally, wave height 1n a breaker zone 15 estimated

according to the following formula:
Wave height at breaking HD = 0,78h (m)

where h: Water depth at toe of detached

breakwaters (m)

From the results of sounding, the installation water
depth of the detached breakwaters is approximately
DL-0.7m to +0.3m, and, where the design highest high
water level 1s assumed at DL+1,8m, the wave height at
breaking becomes about 1.2m to 2.0m as calculated

below:

h=1,8+« (~0,7 to +0,3) = 1.5m to 2.5m
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b)

The wave height at breaking point 1s therefore

estimated to be:
HD = 0,78 x (1.5 to 2,5) = 1,17m te 1.95m

Estimation from the Research Paper of Public Works

Research Institute, Ministry of Construction, Japan

In order to estimate the design wave height acting on
a detached breakwater, 1t is first required to esti-

‘mate the offshore wave height, However, observation

data of offshore waves in the Maldives is not avail-
able and wave height has been estimated based on data

from Ocean Wave Statistics (refer to the next page).
1) Fstimation of offshore wave height

As shown in the area code In Fig. 5~3, the
Republic of Maldives belongs to Area 30,

The significant wave height (H1/3) hag been

estimated by using the maximum value of the Wave

Height Code in Area 30 indicated Iin Table 5-2.
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Table 5-2 Wave height.
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Fig. 5-3 Area code.
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i1)

The wave height of 6.5m obtained from Table 5-2 is
baged on visual observation on a ship, and the
gignificant wave height has been derived as 4. 1m
uaing the formula indicated in Ocean Wave

Statistics:

= 1,23 + 0.44 x Visual observation
wave height

= 1.23 4+ 0,44 x 6.5 = 4,1m

111/3

Estimation of wave height at detached breakwaters

The wave helght at detached breakwaters is

estimated from the diagram below:

)

% H/Ls RIW
- o ~002 ¥ 04
& 002-003 <& 086
o 003-004 o 10

@ 004~ A

i

Q

Fig. 5-4 Wave transmission coefficient due to artificlal reef.

where, Hb:
Lo:
R :
B :
Ht:

Source: T.

equivalent offshore wave height (m)
offshore wavelength (m)

water depth at toe of structure (m)
width of the coral reef (m)
transmitted wave height (m)

Uda and A, Omata, "A design method of

artificial reef", KAIGAN, Vol. No.27, 1987
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Hd = 4.1m

Lo = 1,56 x 142 = 306m
= 2. 5m

B = 30m

Therefora,

H6/Lo = 4.1/306 = 0,013

R/HS = 2.5/4.1 = 0.61

B/lo = 30/306 = 0.10

From the above values, the transmitted wave height

is estimated at 1.93m as calculated below:

Ht/He = 0,47
Ht = 0,47 x 4,1 = 1,93

2) Determination of design wave height

The results of the above caleulations are summarized as

follows:

a) From the wave height at breaker zone,

HD = 1,17 to 1.95m

b) From the paper annourced by the Public Works Research

Insgtitute, Ministry of Construction, Japan,
HD = 1,93nm

From these values, the degilgn wave height shall be

determined as 2.0m,
3) Wave direction

According to the reports prepared by the teams of experts

for Tidal Wave Disaster Assessment dispatched by Japan and
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the Netherlands, the direction of offshore waves at

anomalous high tide is tc be southeast (SE),

During the fileld investigation period of the Study Team,
however, although the direction was roughly southeast
(SE), the direction of incident waves at the proposed
detached breakwaters area was roughly perpendicular to the

reef adge,

© Furthermeore, the direction of incident waves appeared in
the aerophotographs of Male' and Hulule islands printed in
the book entitled "MALDIVES A NATION OF ISLANDS" is also

roughly perpendicular to the reef edge,

Therefore, the all design incident wave direction shall be

perpendicular to the reef edge.

5-3 Basic Plan

5-3-1 Proposed Reclamation Limit

The proposed reclamation limit behind the detached breakwaters
shall be established at an appropriate distance from the detached
breakwaters in order to reduce the wave overtopping.

The overtopping rate shall be set to no higher than the allowahble
rate and by taking into account the scale of seawalls, etc,
requlired for protecting the primary school and other facilities at
the same time., In this report, a reclamation limit indicated din
Fig. 5-~5 has been proposed by taking into account the taopography,
ground elevation, the development proposals for Male' reclamation,
navigation route plans along the inland side of the existing
detached breakwaters and wave height along the navigation route,
Effectiveness, ease of execution, and the cost of the construction

work have also been considered.
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5-3-2 Detached Breakwaters Construction Plan

(1) Arrangement plan

1) Desgign conditions

a) Deslgn wave height: H_ = 2,0m

D
b) Design wave period: TD = 14 gec.
c) Water depth at toe
of structure : h = 2.5m (at high tide)

d) Design wavelength : L = v¥g*h * TD = 6%.3m

The arrangement of the detached hreakwaters has been
determined mainly with regard to the wave dissipating

rate,

2} Determination of the length of detached breakwaters
According to Japanese standards, wave hedight behind the
opening of detached breakwaters becomes almost constant
where breakwater length 1s no smaller than about 1.5 times
the wavelength,

Therefore, the length of breakwaters can be determined at
not less than 100m, as calculated below, and based on the
ratlo of wavelength to the breakwater length at which the
wave height becomes constant,

Breakwater length £ = [,5L = 1.5 x 69.3 = 104m

3) Determination of opening width

According to Japanese standards, the wave dissipating

effect of detached breakwaters can be expected even at the
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4)

3)

opening section, provided that the opening width 1s not

leas than about 0.6 times the wavelength.

The opening width is therefore determined at 40m as

calculated below:
Opening width &' = 0.6L = 0,6 x 69.3 = 41,6m
Determination of crest elevation

In consideratlion of the following conditlons, the crest
elevation of detached breakwaters is established at a
level equivalent to the summation of the design wave

height and the design highest high water level,

a) Heilght of wave transmittaed hehind detached breakwater

b) Overtopping rate of waves at seawall behind detached

breakwaters

¢) Accuracy of deaipgn highest high water level, and
design wave heilght and period

d) Durability of detached breakwater against wave
overtopping

Determination of crest width

The crest width of detached breakwaters is determined to
be equivalent to one row of three concrete armour units
taking into consideration the increase in durability of
hreakwater structure against waves, the reduction of the
rate of wave overtopping and transmitted wave helght, past
construction records, the effect on the onashore seawall,

ete.
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6) Determination of wave tranamission coefficient

The wave transmission coefficient becomes approximately

0.4, calculated on the basls of Fig. 5~6 and specified

according to Japanese standards,

Where Bht

D :

Hi:

and Li:
Bh/D

average width of breakwater body above water

level at water depth h, 7.37 (m),
height of one concrete armour unit, 1.65 (m) 5
incident wave height, 2.0 (m),

ineident wavelength, 62.0 (m).

= 4.5

Hi/Li = 0.032

Wave transmission coefficient Kt

Bh/D=-2
Bh/ D= 3\
Bl /D= g

_ISEy i
Bh/nrﬁ ]

:Eh/D-— 8 _
) B /D=10 -
1

! I L i 1 1 A

0.05 ' 0.1

Wave steepuess Hi/Li

Fig. 5-6 Calculation diagram of wave transmission coefficient.
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7)

Determination of arrangement of detached breakwaters

The arrangement of detached breakwaters is studled with
consideration to Zones I, II and IIT as indicated in Fig.
5"12-

a) Zone I

Zone I 1s an area where detached breakwaters will be
congtructed in order to protect the area eroded at the
time of the anomalous high tide. By conducting a
comparative study with consideration to the three
cases shown In Fig. 5-7, the optimum arrangement has

been selected.

Meanwhile, the respective cases have been adopted

based on the following concept:

Case 1: Where the distance from the reef edge to
detached breakwater is approximately 30m, as in
the case of the exilsting detached breakwaters, the
detached breakwaters are arranged parallel to the
reef edge. The sea area behind the detached
breakwaters is made sas wide as possible, and

continuity with Zone IT is taken into account.

Case 2: The breakwaters overlap by gome 20m with the
existing seawall so that wave height will become
approximately 0.7m to 0.8m at the western edge of
the existing seawall. This takes into account the
rate of wave overtopping and the safety of the
exlsting seawall, The effect of waves diffracted
from the edge of detached breakwaters is thereby
reduced, The distance from the reef edge to the

breakwater is made longer than in Case 1 in order
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to lower the height of waves acting to the
breakwater, Continuity with Zone II is taken into

account,

Case 3: The eastern edge of the detached hreakwaters

1s arranged adjacent to the exidsting seawall in
order to reduce the effect of waves from a south-
eastern direction upon the existing seawall, At
the same time, the distance from thes reef edge to
the breakwater 1s made longer than in Case 2 in
order to lower the height of waves acting on the
breakwater. Continuity with Zone II fg also taken

into conslderation,

The arrangement in Case 2 has been selected as that in

Zone I for the following reasons:

1)

i1)

111)

The western edge of the existing seawall has
collapsed so that it causes problems of
durability. Case 2 is excellent to protect the

weatern edge of the exiating seawall.

Maximum wave helpght acting on the existing seawall
will be relatively low and the seawall to be
constructed in the future will roughly be of the

same size as that in Case 1,

The overtopping rate of waves over the seawall to
be constructed in the future is smallest, namely,
1.6 x 10—2 (m®/m+sec,)., Case 2 is therefore most
advantageous in view of the effective utilization
of reclamation area, and affords the least effect

from overtopping rate, splash, etc.

Comparisons of detached breakwater arrangements in

each regpective case are listed in Tahle 5-3.
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| Eagtern coast
No,2 No.l
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Southern coast
7,002
7, 40%
0 100m 200m

llllillllll. I

Fig. 5-7 Plan of breakwaters arrangement in each case.
All of the 3 cases, breakwater length : 100m ]
opening width :  40m
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b)

Zones II and III

In consideration of the topography, distance from the
reef edge, water depth, development proposals for
Male' reclamatlon, effective utilization of the
existing detached breakwaters, navigation route plans
along the dnland side of the exlsting detached
breakwaters and calmness in the navigation route area
as well as ease and cost of construction, the detached
breakwaters in these zones are arranged in virtually
the same positions as those of the existing detached

breakwaters.

Based on the deliberations on Zone I above, the length
of the detached breakwater was designed to be 100m or

longer, and the opening width was designed to be 40m.

The detached breakwaters shall be so arranged as to
cover the respective zones effectively and to minimize
the total crest length of breakwater. The dimensions
will be 120m in crest length and 40m in breakwater
opening width.

The overall arrangement of the detached breakwaters to
be constructed on the southern coast is shown in Fig,
5-12,
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Fig. 5-12 Detached breakwaters construction area

and the arrangement plan.







¢) Estimation of wave height in the water avea behind the
detached breakwaters in Zones 11 and III

1) At the time of the anomalous tide lavel

In the water area behind the detached breakwaters
in Zones IT and ITI, there exists a chanmel with a
depth of about. 3m to 5m.

Assuming water depth in the area behind the
detached breakwaters to be approximately 4m on
an average and a pariod of incident wave T =

14 sec., wavelength (L) is given as follows:
L = 86.5m

Since the opening width of the detached breakwater
(B) is equal to 40m, B/L becomes 0.46.

From the above values, the diffracted wave height
in the wafer area behind the detached breakwaters
1s estimated (Fig. 5-14) by using the diagram
shown in Fig. 5-13 (B/L = 0.5).
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11)

Since the wave transmisajon coefficient through
breakwaters 1s approximately 40%, transmitted wave

height from the detached hreakwater becomes:
2Zmx 0.4 = 0.8m

Diffracted wave helght from the breakwater opening
evaluated at the central part of detached break-

waters becomes as follows from Fig., 5-13:
2m x 0,3 = 0.6m

Wave height in the central part of the detached
breakwaters becomes as follows by superimposing

the transmitted and diffracted waves:

v0.82 + 0,67 = Im

Wave height of about lm 1s therefore expected at
the time of an anomalous high tide along the
navigation route in the water area behind the

detached breakwaters.
Wave height under normal conditions
Assuming the wave height and period are lm and 10
sec., reapectively, under normal conditions, wave

height distribution in the area behind the detached

breakwaters is estimated to be as shown in Fig. 5-15.
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{2) Design of Section
1) Determination of the required weight of one armour unit

The required weight of an armour unit 1s calculated hased

on Hudson's formula:

y » H?
W= x Ts
KD(Y/w-1)3 * cot o

where W : Welght of an armour unit (ton),
Y ¢+ Unit welght of concrete (2.3 ton/m?),
w : Unit welght of sea water (1.03 ton/m®),
" ﬁesign wave height (2.0m),

KD: Stability coefficlent depending on the
chavacteriatics of an armour unit (8.3),

o { Angle between the slope and horizontal plane
(36°52'),

and TFa: Safety factor (1.,5).

Substituting the above values into Hudson's formula, we

obtain:

2.3 x 2,09
'w = X 1.5
8.3 x (2.3/1.03-1)2 « cot(36°52")

= 1.34t + 2t type

Although the nominal required weight of an armour unit is
calculated as 2t, a nominal weight of armour unit of 3t
has been adopted taking into consideration uncertainty
involved in the determinations of the design conditions
(wave height and tide level) as well as the importance of
the facilities, safety, durability and cost of

construction works.
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2)

Determination of the detached breakwater saction

The standard sectilons of the detached breakwaters in the

respective zones are shown in Figs, 5-16 to 5~18.

All gectilons in Zone I ghall be composed solely of a

concrete armour unit.

The detached breakwaters in Zone IL shall be constructed
by utilizing the exdiating coral rocks as core material and
covering it with concrete armour units, Should it he
required, because of the relation between the detached
breakwaters and existed channel positions, the armour
units in the saild portion shall he installed as indicated
in Fig. 5-18.

All sections in Zone IIT shall be composed of concrete

armour units as in the case of Zone T,

In order to protect the tip of the slope of detached
breakwaters from deformation, collapse, etc. caused by
waves and tidal currents and further to enhance the safety
and durability of the breakwater, the tip of the slope
shall be positioned after ewcavating the veef to a depth
equivalent to the size of one armour unit, as indicated in

the standard sectlon in Figs. 5-16 to 5-18.
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5-3-3 Basic Design Drawings

The basic design drawings for the Project are presented in Drawings
No. ¥YMB-0Ql to 09 in the following pages.
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LIST OF BASIC DESIGN DRAWINGS

GENERAL LAYOUT OF DETACHED BREAKWATER
GENERAL PLAN OF DETACHED BREAKWATER
ZONE | PLAN

ZONE | SECTION

ZONE Il PLAN

ZONE I SECTION (1/2)

ZONE Il SECTION (2/2)

ZONE Il PLAN

ZONE ili SECTION

wONIHORWON A
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5-4 Execution Plan

5.4-1 Precautions for the Construction of Detached Breakwaters

The breakwaters should be constructed while paying particular

attention to the following:

(D

(2)

(3)

(4)

(5)

(6)

The nature of this work should be understood sufficiently by
the residents living near the Project site so0 as to obtain
thelr cooperation and assilstance and prevent any accident to a

third party.

Inspection of cranes and other heavy-duty construction
equipments, wires, etec. shall be performed regularly to

prevent the occurrence of accidents.

Whenever construction equipments and other vehlcles pass on
the roads within the 1sland, any person involved in such a
work will strictly abide by the local traffic rules and pay
full attention in order to avold accidents and damages to the

roads.

Should a high tide occur, sufficient care will be taken to
prevent the flooding of construction materials, private power

plants and office facilities.
Since some of the works will he carried out in the breaker
zone, the particular attention shall be paid to high tides and

waves in order to prevent occurrence of accidents.

Any rock excavation will be executed so as to avold causing

. damapes to local residents through vibration, noise and 0

forth.,
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