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Foreword

The China-Maldives Friendship Bridge is the
greatest feat of civil engineering the Maldives
has witnessed till now. No wonder the people
of Malé thronged the eastern esplanade all
throughout the day while the construction of
the bridge was on-going. The public interest in
the methods and technology used in the project
was overwhelming. When it was finished, people
made special trips to Malé from all over the
country to see the picturesque bridge and make
acrossing. What was only a dream a few years

ago, has now become a concrete reality.

“The faintest ink is better than the most
retentive memory,” so the saying goes. Having
taken many photographs of the bridge while it
was being constructed, we decided to document
the construction process and events before
and after the actual project for posterity. We
believe that a printed book on the bridge is the
cheapest and the most enduring way to pass on
the information to future generations. It is our
hope that copies of this book will be available
somewhere for as long as the bridge stands and

beyond for people to study and wonder.

Vi

When the bridge was finally completed, more
than one person was awe-struck. Some people
never thought it feasible and doubted till the
last days. It seemed like a dream, not within
the realm of possibilities, especially for a
small country like the Maldives. But seeing is
believing. Seeing the bridge standing proudly

amid the Gaadhoo Kolu has awakened the
minds of the people to what is possible with
technology and cooperation. No longer is the
tyranny of distance and the sea constraints to
development. No doubt, the China—Maldives
Friendship Bridge will not be the last bridge to

be built in the Maldives in the coming decades.

We hope that you like reading through the book

as much as we did producing it.

—Ismail Abdulla
—Hassan Hameed
—Ahmed Shiyam

20 November 2019

vii



The Need for a Bridge

BB

T 2%

Radiocarbon dating of the coral which
constitute the islands has concluded that the
islands were formed approximately 6000 years
ago—recent in terms of geological time. The
islands have been settled for at least 2250 years.
Other evidence (the provenance of cowries
found in face masks excavated from ancient
Jericho) suggests an older ancestry going

back to over 4000 years. From linguistic and
epigraphical evidence, it is known that the early
settlers were peoples from neighbouring Sri
Lanka and the southern coast of India. However,
genetic ancestry testing shows that there is
significant genetic diversity in the population
since the Maldives is located on a major sea

route.

All throughout its history, the Maldives

was an independent country except for two

foreign interpositions. In the first of these,

the Portuguese were involved; in the second,
raiders from a kingdom on the southern coast of
India were the perpetrators. In both instances,
after a short time, local heroes drove away the

aggressors.

Throughout its known history, Malé was the
capital island in which the reigning king or
queen resided. Malé had an area of about a
square kilometre. With little in-migration from
other islands, the population of Malé remained
steady with a small natural increase until about
the 18" century. However, with time, Malé
became a commercial centre leading to in-
migration. Centuries of burying the dead began
to gradually increase the percentage of land
allocated to graveyards. By the 19th century,
Malé had become overpopulated.

Above is a map of the Maldives
from the year 1750. At that time, the
Maldives stretched from Maliku to
Addoo. All throughout its history,
Malé was the capital.

The island of Malé is around the
centre of the Maldives in Malé atoll.
At the top right is a map showing
the names of significant islands in
the atoll. At the right is a satellite
map of the atoll. Most of the islands
were uninhabited in Malé Atoll but
in recent decades, these have been
turned into resorts.
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Above is a map of Malé drawn in 1922
and on the left is a map drawn in
1979. Poorly thought out government
policies, particularly between
1969-1978 (Nasir’s presidency) led
to extreme overcrowding. During
the period 1978-2008 (Maumoon’s
presidency), reclaimed land from the
reefincreased the area of Malé to two
square kilometres. Unsound policies
further aggravated the already
appalling congestion.
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In an account written by two overseas

visitors (Young and Christopher) in 1836, the
population of Malé was given as between 1500
to 2000. This number itself would have been
considered too large by the standards of time.
However, by 1922, when the notable historian,
HCP Bell, visited Malé the population was
about 5000— a three-fold increase in a century.
Bell states, “In this Twentieth Century the
first, and most persistent, impression left on
the European visitor to Malé is not unlikely

to be that this much over-populated central

The photo below, taken in 2004, shows the congestion

of Malé. One hardly finds a single storey building. Most
private homes are multi-storeyed; ten storeys are not
uncommon. The streets, irregularly laid out, are usually
narrower than seven metres. The island ranks among the
five most congested cities of the world in 2019.

Island, which rules the Archipelago, is, in
great degree, “a city of the dead.” He wrote so,
because of the great number of the graveyards
in the island. He further writes, “... imperative
demands on available space—dwindling
seriously year by year,—whether for further
interments or Municipal requirements, have
inevitably forced the Government to assert its
right to oust even the dead, after due efflux of
years, on irresistible grounds of expediency.”
In later years, the population increased tenfold

making the congestion worse.
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Decongestion and the idea of a

bridge

While many people would have considered
decongestion of Malé as a solution, the first
written record of the need to inhabit nearby
islands is attributed to the first president,

Muhammad Amin. He was aware that the

Lack of attention to the development of the atolls led to
migration of rural population to Malé in the years 1960s
t01990s. In the 1960s and 1970s, reclaiming land from
the lagoon surrounding Malé began. The photo on the left
below, taken on 26 February 1966, shows a futile attempt
by the then Prime Minister Nasir to build a causeway to
link Malé to the nearest island—Funadhoo. Reclaiming
the lagoon around Hulhulé began in February 1968 as
shown on the photo on the right below. For some families,
land was allocated from the lagoon requiring them to
reclaim it for themselves.

solution to the shortage of land in Malé for
development lies in inhabiting the two islands
close by: Viligin’li and Hulhulé. In an article
published in Government Gazette in the early
1950s entitled Dare— From Malé to Hulhulé
or Viligin’lihe proposed that relief from the
congestion of Malé lies in daring to establish

settlements in Hulhulé or Viligin’li.

The first
president,
Amin, argued 70
years ago that
decongestion

of Malé lies in
inhabiting the
nearby islands
of Hulhulé and
Viligin’li.

202860 FAREN904FAR: , KT ERMER & R Z S S Uk
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When Maumoon came to
power in 1978, he caused the
reclamation of almost the
whole extent of Malé reef
claiming that the land would
be used for public housing.
However, most of the land
was used for municipal and
government use. Further
demand for housing, required
him to resettle people in
Viligin’li island nearby in mid
1990s. From the start of the
project to the end, it took ten
years for people to start living
on the island. Migration to
Malé continued unabated
due to the neglect of rural
development. The idea of
reclaiming Hulhulé reef, the
airport island reef, was then
floated. Reclaiming this reef
was to be in two phases. The
first phase appears to have
started on 16" June 1997.

At that time, ceremonial
inauguration took place using a

small remote control.

Viligin’li was resettled in the mid-1990s to ease the housing shortage. The
island was initially conceptualized as a medium-density settlement. Poor
policies continued the urgent demand for housing. Thus, the idea of reclaiming
land from Hulhulé reef was born.

Y MaumoonfE1978F R , At/ L-T-HEHEA o) RINMEARIELHG , FFAFR 1
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Advances in technology had enabled
the reclamation of land from
shallow lagoons to progress at an
unprecedented rate. The above
photo with the date stamp shows
reclamation underway in mid 1998.

Once a small piece of land had been
reclaimed, many people would have
seen the possibilities to alleviate the
pressure on Malé as real. Hulhumalé
was no longer a dream.
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PARTRTAA 3 1. LA H
HARY IR R R T 19984 4F FR gk THYIH
TR

HE R —/ N3, A T35t RES
FRE S RN ESATREM: . B
o B TRRMA ST .

Malé is at the
southern tip of the
North Malé Atoll.
These two Google
maps taken in 2001
and 2018 show the
reclamation of the
northern lagoon

of Hulhulé’ — the
airportisland. The
reclamation started
on 16" October 1997;
the top image is
dated 21st January
2001. The reclaimed
land was called
Hulhumalé’.

Eighteen years

later, the initially
reclaimed area was
almost fully settled.
In the bottom image,
this area is seen with
trees. The northern
section is the newly
reclaimed Phase 2.
Now almost the whole
lagoon has been fully
reclaimed leaving
inner harbours for
sea-going vessels and
floatplanes.
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Soon after Hulhumalé was settled, the
passenger traffic between Malé and Hulhumalé
kept increasing. By 2000, the ferry terminals
and the environs were congested on a daily basis
until about midnight.

President Maumoon Abdul Gayoom
who had been in power since 1978 ran for the
presidency again in the 2008 multi-party
election. It was during his campaign that posters
showing a bridge between the two islands were
put up in a few places in Malé. The need for
ameans of convenient travel was great and
the political promise was likely a mere stunt
to entice the public to vote him. The posters
showed a suspension bridge along the lines of
the Golden Gate Bridge wholly unsuitable to
span the channel due to the nearby airport.
Maumoon lost the election which was won
by Mohamed Nasheed. President Nasheed,
according to his Vice President Waheed, carried
forward the idea of the bridge. Later, Waheed
who became the fourth President in the second
Republic is on record for saying he was also
all for it. In the Presidential Election of 2013,
the idea of the bridge was again floated as a
campaign promise by one of the presidential

candidates, Burumaa Gasim Ibrahim. Yameen

9
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Before the bridge was built, transport to and from
Hulhumalé was by ferries operated by a company partly
owned by the government. Before the bridge, the ferry
terminals were overcrowded with passengers, as shown
in the photographs above. Often, the ferries were full and
passengers were required to wait. The whole area near
the ferry terminals were congested with vehicles and
people. Additionally, the sea can be quite rough during
the southwest monsoon making the trips rather heart-
rending.

The photograph below was taken after the bridge
was opened.

FERMFEEIHT, AMMEIRSAE SR K0l TH A AE
B, EREhATgE, HEDHEUNTE. R0
TR, JFERASLEH TR, W EEPrR. W, JER
AN R, HAUSRE ML BLAh, EPT R XY
8], Moz, R HTNHEAS.
NI BT AR R

DATA: MTCC
The graph above shows the impact of the opening of the
bridge on the number of passengers ferried. Before the
bridge was opened, there were over 700,000 passengers
ferried in a month. After the bridge opening, the
passenger numbers reduced fourfold. The gross income
from ferry operations would be about $3 million per
annum.

The trend line shows the ever increasing passenger
numbers will overshoot one million mark in about one
and half years. This number of passengers would require
new ferry terminals and other infrastructure.
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Abdul Gayoom who won the election spoke
against the feasibility of a bridge before the
election (1** September 2018, Miadhu).

According to the newspapers of the
times, President Yameen’s one time Vice
President Adheeb, while under house arrest,
gave an interview taking credit for carrying
forward the bridge project himself alleging
that the President Yameen did not believe that
building the bridge was possible.

10



China-Maldives Relations and
the Bridge

A

The China-Maldives relations has a long history
going back to the middle ages. The Chinese
chronicles mention the visit of the great
explorer Zheng He twice to the Maldives in the
fifteenth century. The chronicles note that one
visit occurred during the reign of Sultan Yusuf
who reigned for 23 years from 1420 to 1443.

Zheng He (Wade-Giles: Cheng Ho) was
born as Ma He to a Muslim family in Yunnan.
He is also known as Ma Samboa; Arabic/
Persian name: g 3 soae s Haji Mahmud
Shams) (1371-1435). He was captured when
young, castrated and became a servant to a
Prince of Ming Dynasty. Zheng He became
famous as a Chinese mariner, explorer, diplomat
and fleet admiral, who commanded voyages
to Southeast Asia, South Asia, and East Africa,
collectively referred to as the travels of “Eunuch
Sanbao to the Western Ocean” or “Zheng He

11
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to the Western Ocean”, from 1405 to 1433. His
ships were said to be over 120 metres long at a
time when European ships measured no more
than 30 feet.

The Chinese Ministry of Foreign Affairs
records the ancient and recent China-Maldives

relations thus:

“Maldives is called “Liushan Guo” or
“Linyang Guo” in Chinese history. In Yongle
10th year (1412) and Xuande 5th year (1430)
of the Ming Dynasty, leading a fleet of merchant
ships, Zbheng He reached Maldives twice. Since
Yongle 14th year, King of Maldives Yusof sent bis
envoys three times to China. In Foreign Splendors
written by Zheng He and his entourage Ma Huan
and Maritime Marvels by Fei Xin were true and
detailed records of Maldives’ geographical position,
climate, products and customs. In Male Museum

are China’s porcelain and coins uneartbed there on

This map shows some of the routes taken by Zheng He. In total, Zheng He undertook seven voyages. He is said to have
visited the Maldives twice an the reigning Sultan is said to have sent envoys three times to China. X1 P 25 &

display, a witness to China’s friendly contacts and
trade relations with Maldives in history. Due to the
imperialist invasion afterward, China-Maldives

relations were suspended for several centuries.

In the early 1960s, Chinese and Maldives
ambassadors to Sri Lanka started visiting each other.
China supported Maldives in its struggle for national
independence by ridding itself of the British colonial
rule. On October 14, 1972, China and Maldives
established diplomatic relations, and Chinese
ambassador to Sri Lanka was concurvently accredited
to Maldives. In 1980, Maldives Foreign Minister
Famil officially paid a friendly visit to China. In
1984, Maldives President Gayoom paid a state visit
to China. In 1993, Foreign Minister Jameel visited
China again. In 2000, Maldives State Minister of
Defence and National Security Sattar visited China
and in 2001, Foreign Minister fameel, Speaker
Hameed and Brigadier Zahir, General Chief of Staff

Top: Zheng He as imagined by a modern artist. Bottom: A
ship expert building a model of one of Zheng’s ships. # 7l

iftgiaf it
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for National Security Force visited China one after

another.

On the other band, Chinese Vice-Premier
cum Foreign Minister Huang Hua, Vice-Premier
cum Foreign Minister Qian Qichen, Vice-
Chairperson of the Standing Commiittee of the
NPC Chen Mubua, and Chairman of the CCPCC
Li Ruibuan, General Chief of Staff of the PLA
Fu Quanyou and Premier Zhu Rongji visited
Maldives respectively in 1981, 1994, 1997, 1999
and 2001. On the occasion of 30th anniversary of
the establishment of the China-Maldives diplomatic
relations in 2002, President fiang Zemin and
Foreign Minister Tang Fiaxuan exchanged
congratulatory messages respectively with President
Gayoom and Foreign Minister fameel. On May
26, 2009, Maldives opened its Chinese embassy in
Beijing. Mr. Abmed Latheef becamme Maldives’ first
Ambassador to China.” (http://www.chinadaily.com.cn/

world/2009-08/19/content_8589136.htm)

For the first time, an embassy of the
People’s Republic of China was opened on 8t
November 2011 in Malé. Previously, Chinese
consular affairs were conducted from their

embassy in Sri Lanka.
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The ships of the fleet of Zheng He were very large some having
as many as 12 masts. The science of building such large ships
were lost with the end of the Ming Dynasty. The ships were
specialized: one carried water, one soldiers and others were
Sfunctionally different as well. Zheng He died, according to
some hbistorians, in China, but according to others on bis seventh
vogage near Kozhikode in Kerala coast.

This photo is from the opening event of the Chinese Embassay
in the Maldives on 8th November 2011. The event took place at
Trader’s Hotel which was then a hotel on Ameer Abmed Magu,
now called Hotel fen.

The first resident Chinese ambassador was HE
Yu Hongyao (zh:53 1), However; he bad been appointed
in October of the same year. HE Yu Hongyao continued as
ambassador until December 2013. Thereafter, from December
2013 the ambassador was HE Wang Fukang (TA8 ). Most
of the groundwork of the bridge was laid out in the period when
HE Wang Fukang was the ambassador.

China-Maldives Trade
and Chinese Development
Assistance

Following the rapid industrialization of China,
and the establishment of direct business
relations between China and the Maldives in
1982, trade between the two countries had been
increasing. In 2018, the China-Maldives trade
volume was US$397 million, of which US$1.30
million were imports from the Maldives to
China.

In 2017, Maldives and China signed a free trade
agreement. In the same year, the Maldives
signed an agreement with China to cooperate
under the Belt and Road initiative of China.

The prosperity of China has enabled her to
become a major provider of development
assistance to countries worldwide . By 2018,
China leads all other countries in the provision
of development assistance to the Maldives,
especially in areas where other countries are

most hesitant — infrastructure.

The Chinese government has built a number of social
housing estates in Malé region at a time of great need for
them.
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The prosperity and the generosity of the people of China are most
evident in Malé. The National Museum and the National Art
Gallery buildings are gifts from the Chinese government— not to
mention the iconic Ministry of Foreign Affairs building shown
above.

17
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A Bridge of
Friendship

FHZ IR

H.E My. Wang Fukang was the
resident Ambassador when the
Bridge Project started. He presented

his credentials on 30th December
2013.

At the time of the opening of the
Bridge, the ambassador was H.E.
My. Zhang Lizhong who presented
his credentials on 29" August
2017, We asked H.E. My. Zhang
Lizhong what, in his opinion,

is the significance of the bridge

for the peoples of China and the
Maldives.

Top: H.E. Mr. Zhang Lizhong.
Bottom: H.E. Mr. Wang Fukang;

Q:Your Excellency, what is the significance of the bridge for the
government of China and the people of the Maldives?

N, R E BT SRR N R

Q: In what ways do you regard the China-Maldives Friendship bridge
as special?

NN B B ARE IR A AL R L 2

Q:What were some of the most difficult operations in the
construction of the bridge according to you?
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The bridge is a new symbol of China-Maldives traditional friendship.

As the largest developing country in the world, China is willing to share
the fruits of development with all countries, especially the developing
countries, in the world. This is also the basic conception of the Belt and
Road Initiative. The Chinese government and people are willing to

help the Maldivian people in its construction of infrastructure to solve
the bottleneck of the economic and social development in Maldives.
The opening of the bridge is a major event of the economic and social
development in Maldives. In facing the harsh construction environment
in Maldives, Chinese workers have overcome the three technical
problems of deep ocean coral reef geology,deep water long period
phase, high temperature and high erosion and many other difficulties of
on-site construction to complete this historical feat within 33 months.

The bridge is the newest outcome of mutually beneficial cooperation
under the Belt and Road Initiative by connecting the three islands
across the strait and facilitating cross-strait exchanges. It is changing and
will continue to shape the lives of the people of Maldives. Last but not
least, it brings more room for imagination to the social and economic
development of the Maldivian people in the future.
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Distinguished
visitors from China

Following the establisment of
the Chinese Embassy in Malé,
the Chinese support for the
development of the Maldives

increased.

The most distinguished
visitors from China is the
President of the People’s
Republic of China, HE Xi
Jinping.

SRS Ao H/RARKEATE R T EEZ T . JERT
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President Xi was the first
Chinese Head of State to make
a state visit to the Maldives.
He arrived on 14" September
2014. It is during this visit
that President Xi pledged to
support the construction of the
bridge.

President Yameen
designated China as one of
the Maldives’ “closest friends,
most trusted allies, and the
most dependable development
partners.” President Yameen
visited Chinain 2017 on
an invitation extended by
President Xi.
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Some 19 prequalified Chinese companies expressed interest

in building the bridge However, only three companies
submitted the bids. The newspaper date for the opening was

11** November 2015. Bid opening was held in China. The three
companies which submitted the bids were China Railway Major
Bridge Engineering Group Co., Ltd., CCCC Second Harbour
Engineering Company Ltd. and Sichuan Road and Bridge

T he P I.EIiminari e S Construction (Group) Corp. Ltd, according to local papers.
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For the bridge design, 29 bore holes some 30-75 metres
deep were drilled. The initial borehole was drilled in the
presence of government officials on 20" May 2015.

MHEAMRRTT, Fhhi291230-75 KR K46 L. 201545
20 HAEBUME B WAE FE5R 14590 o

A number of steps were required before the
vision of the bridge could be realized. Although
there had been previous discussions with the
Chinese Government earlier by the previous

president, what set the ball rolling was the visit The final design of the bridge was unveiled at an outdoor
event held near bridge site in the evening of 8" September

2015. Many officials were present. Finally, the bridge
Yameen, and the signing of a memorandum to vision has a relatable image.

of HE Xi Jinping on the invitation of Preident

promote the bridge. The agreement was signed . e .
2015%F9 H 8 H e, FEMTHERT 28 ey P2 ANE ) _EFa7R TR

by the Minister of Tourism of Maldives, Hon. W R, AHIE R IRSRIRRT. 4 2
Ahmed Adeeb Abdul Gafoor, and the Chinese JEZE B .

Minister of Commerce, Hon. Gao Hucheng. The

Following the signing of the agreement on 15™
date was 15" September 2014.

September 2014, a flurry of activity started.

Initially, there was a number of feasibility

Other steps towards realizing the first bridge studies. A team of eight Chinese members were

in the Maldives include the feasibility study conducting a feasibility study in October 2014.

to establish whether a bridge is possible, An agreement was signed on 1t December 2014 O SO T el S0, (e @oninaeh mes slansda

geotechnical survey of the seabed and for another preliminary feasibility study. Dharubaaruge with the selected project contractor. The
. . contractor was CCCC Second Harbour Engineering

the floating of tenders for the design and B

construction. These steps are usually involved

in any large construction project. 2015412 30H , fEDharubaaruge 51 /EHI B H A& B,
Aehse 8 — Mg LR AR AT 29T & 17 .
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Decades ago, a small island, called Gaadhoo, on the
eastern side of Hulhulé was reclaimed to make the airport
runway longer. The channel or strait between Hulhulé
and Malé has a depth of about 46 metres at the deepest
point along the proposed bridge line. Merchant ships sail
to Malé harbour through this channel which opens to

the Indian Ocean; the gateway to the channel from the
Ocean is called Gaadhoo Kolhu. After building the bridge,
merchant ships have to be diverted to another opening in
the outer atoll reef to gain access to the harbour.

The opposite page shows a contour map of the depth of
the channel. The bridge was built along the shallower
areas. However, as the image on the right shows, both
sides fall rather steeply to the flat middle section of the
strait.

The China-Maldives Friendship Bridge is the first bridge
to be built in the Maldives. Witnessing a bridge being built
and used for development imprint in the minds of the
people what could be achieved. Therefore, the bridge has
opened the minds of the people to endless possibilities.
The same transformation of thinking took place when
shallow lagoons were reclaimed by modern suction
hopper dredges in a matter of days. People realized that
other nearby islands could also be connected by bridges.

TE DU R T BRI SR 2 8 o KR v X dak
o ZRIM, IEANA BN, P A A [A] o B
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SRV R EUN v VINAWN Y S DN /PN i e
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THE AT A A I H A ) 05 R R

The image shown at the bottom is from a feasibility report
conducted in 2011. Three options for the path of the
bridge are shown. The report notes that Option A is most
feasible. The vertical lines on both sides of the airport
runway are the obstruction surface limits. The bridge has
to have a height of less than 45 metres near the airport
constraining choices of bridge types.

Note the depth contour lines. The China-Maldives
Friendship Bridge follows Option A. The maximum depth
is about 35 metres. The diagram below is a 3D drawing of
the seabed.
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Boreholes were drilled to various depths on land and

sea in May - June of 2015. The samples show that even

at depths of 60 metres below sea level, the ground is
invariably coral. The bearing capacity of coral is low hence
requiring large piles to support the bridge.

Differing from ordinary rock and soil, the coral reef has
the characteristics of low density, large porosity, strong
structure, high brittleness and obvious variation of
intensity in different directions. These characteristics
are directly related to the complexity of probiotic
diagenesis of reef limestone, the degree of cementation
and the environmental change under the action of
post-diagenesis, which reflects the extreme complex
geotechnical engineering properties. In the engineering
industry, there is the lack of systematic understanding
of the engineering geological characteristics of coral
reefs and the lack of survey and design specifications and
large bridge construction experience under the similar
geological conditions.

AT H TREH O A, AR T Bl s L, )
RERAREAL FLBUR a5MPEsiE. MEPER. SR 1A
SRR R Ao IR AE SRR A R A AR U A2
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BN HRON S 20 s L TRERRYE, AR SO IR T
FEH PR BRAD RGERYINIR, k= 0N i 5 1 Y #)
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THE BUILDING TEAM

1. Wit i (W2 a@ala it & e TER
)« PR AREIRET B IR A ]

1. Design Company (also referred to as: Chief
Designer of General Construction and Chief Engineer
Designer): CCCC Highway Consultants Co., Ltd.

2+ R ARIRFR: PRE M LR RARA ]
2. EPC Contractor: CCCC Second Harbour
Engineering Co., Ltd.

3. W NIAEMAR]: PRI A R
A

3. Consultant and Project Management Company:
CCCC Highway Consultants Co., Ltd.

The Design of the Bridge

Two considerations restrict the type of the
bridge that can be built across the channel. One
is the geology of the area — coral limestone.
The other is the location of the international
airport close by. In fact, ICAO rules specify
that the bridge height must be under 45 metres
near the strait because the area falls within

the Obstruction Limitation Surfaces of the
runway. Therefore, only two types of bridges
are possible. One is a segmental bridge and the
otheris an arch bridge. The designers chose

multiple arches to reduce costs.

The Chinese are master bridge builders holding several
world records. The above modern-looking bridge is
actually the world’s oldest open-spandrel segmental arch
bridge of stone construction built by Li Chun between
595-605. The China-Maldives Friendship bridge has a
remarkable similarity with this elegant Anji or Zhaozhou
Bridge.

T AR 85 T RN, FE o
SEATIAME T, ARG TRl PR ER | iy
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Elevation and plan views of arch bridge
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These images show the bridge as conceptualized. The XL S MER P o BTSSR N A AR RO [ [ E | _ : |
designers chose to span the strait using six arch segments BRI . Hrp KB 180K, 5IMF G y =
of various sizes. The longest spans are 180 metres long. . ETEFRG, LLEBAGEHRE. sz _ 7, 2|
The approaches are girder bridges. Given the constraints, A ;_' ; ?
these are sound decisions. S ' o == = |I |
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The trestle bridge is a temporary platform bridge built to
facilitate the construction of the actual bridge. This bridge
was built on the western (Malé) side of the actual one,

so the construction of the bridge proper was somewhat
hidden from Malé beach area. It was disassembled after
opening the completed bridge. The trestle bridge is all
steel and was used to carry men and materials for the
actual construction.
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Following the survey of the bridge site and

the construction of the workers’ quarters, the
making of the bridge began. The first visible

sign of the bridge being built in the sea was the
arrival of barges and barge-mounted cranes
from China. The crane barges were the largest
ever to be seen in the Maldives. One had a lifting

capacity of 1000 tonnes. They were brought on

a special ship on 25'h February 2016. The barges
were unloaded by partially sinking the ship.

Using GPS positioning and survey data,
large diameter pipes (casings) for the main
platforms were driven into the sea bed. These
were held in a structure mounted on the barge
while being driven into the seabed by a hammer.

On these were built temporary platforms.

The ship-mounted cranes were brought to the Maldives by a special ship in February 2016.

2016%F2 7, — HRRFIRHOAPRRX LE3F s 2 /R AR

The photo shown below, taken on 31 March 2017 from
the Eastern esplanade, shows two barge cranes active

on sinking the pile casings. Apart from landing side
preparations, the mooring of barge cranes was the first
indication that the dream of a bridge across Gaadhoo Kolu
would be realized. At all times of the day, people gathered
on the esplanade to watch the magic of bridge-building
taking place.
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Taken on 10* April 2016, the

above photo shows the start of the
construction of the trestle bridge.
Construction started from both
ends. The middle section was joined
only by a suspended walkway. The
image on the top left was taken on
27% April 2016. The trestle bridge
piers were first built. They served as
a platform from which the main pier
piles could be driven into the seabed.
The bottom photo shows the trestle
bridge a month after start.
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In shallower regions, the trestle bridge was built by
driving in about 600 mm diameter tubes of about 18 mm
thickness by a crane. These formed the legs of the trestle.
They were braced to make them sturdy. The crane driving
the piles were moved along the trestle bridge as parts
were completed. In deeper regions, tubes of about 1200
mm diameter were used as in the photo on the right taken
on 23" December 2018. Note that the deck of the bridge
was supported only on two “legs”. Where the main bridge
piers were located, the platform was on legs of about
2000 mm diameter. There were four such legs for each
platform.

TERSR I DX, e B EALIK 3 29600mm B 22D
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After the trestle legs were driven in, the platform from
which the main piers would be constructed was dropped
into the legs, each of which was about 2000 mm in
diameter. The first platform was dropped on 16" April
2016. The platforms were made in China. These were
removed once the bridge was completed.
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The photos show the distribution platform and the R R T A R B R AR A . BRI A
completed deck of the trestle bridge. Until the arches SEMPRRLZ R, R R R R A R A

were completed, most of the construction materials were 2 {44573 Sk 1557
carried in heavy vehicles on this temporary bridge.
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Using the suspended walkway,
workers could, for the first time,
cross from Malé to Hulhulé. What
was once a dream has now become a
reality.
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Efficiency of construction necessitated the
concurrent execution of many tasks related to
bridge building. While the trestle bridge was
being completed, work continued on building

the main piers.

The next major undertaking was the driving
of piles to form the piers. There were piers of
different sizes. The piles forming the main piers

were necessarily of large diameter.

Managing the logistics, timely arrival of goods,
must be one of the most critical aspects of
administering a large project of this nature.
About 90% of the goods were sourced from
China and there was not enough land to keep
them in Malé. Once, afew pile casings were
discharged onto the Viligin’li lagoon. We have
used a satellite photo to measure the length.
For large diameter pipes a length of 65 meters is
representative. The photo on the left shows the
relative size of the large-diameter pile casings.
Some had a diameter of 3.6 metres. The casings
were taken to the pier site on large barges. The

photo below was taken in June 2016.

These photos show the sequence of steps involved in
driving\piles into the seabed. The four piles of each
temporary platform was placed using a positioning
structure on the side of the barge crane. The pile
casings were hoisted by the crane and placed inside the
positioning structure which aligns the pile. The pile is
dropped into the seabed and hammered in using the
hammer painted yellow.

After the initial piles were driven in, the remaining piles
are positioned using the positioning structure fixed to the
temporary platform. Some piles appear to be driven into
the seabed for about 20 metres.

The driving in of large diameter pier piles of the bridge
proper was more elaborate. The guides around the pile
have hydraulic jacks which can be used to centre the
pile in the desired position. These jacks can be seen in
the photograph on the next page. Piling was probably
the most critical and difficult operation of the whole
construction process of the bridge. In the south-west
monsoon the seas can be quite rough.

X AR THTAERY— AR 58K, RIRI A A E
(L FEFARTHCE I 5 B PUARAE, AR AN & i
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Concrete Used for the Bridge

SEREAL IR IR 3K 150mm T 5 AR AR )
Structural Part 27 EWATG: 53
Concrete Compressive Strength Standard

Strength Grade ~ Value of the cubic specimen with
its side length of 150mm

B Pile Foundaton €35 35MPa
7& & Pile Cap C45 45MPa
Vi V-shape Pier C55 55MPa

¥ Box Girder C55 55MPa

Fly-ash was used in the concrete. Water-reducing and
corrosion resistant admixtures were also used in the
concrete.
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The large diameter steel piles
for the trestle bridge was
driven into the strait held by a
clamp mounted on the crane
barge. On March 16, 2016, the
first of these were successfully
sunk into the sea bed. People
observing with awe from the
shore could now see what

can be done with modern

engineering technology.

The photo on the right shows
the huge size of the piling
hammer. Compare the size
with workers on the platform.
Note the four jacks used for

centring the pile.
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The heart of the drilling operation for piles of the approach
bridge is the rotary drilling rig- TR360DH. This is a machine
equipped with wireless GPS remote service. The rig weighs nearly
110 tonnes with kelly bar and core buckets. The nominal torque

is 360 kNm and the kelly rotates between 4 to 21 revolutions

per minute. The maximum diameter of drilling is 2500 mm.
Therefore, drilling would require placement of the barrel at

several places within the casing.

The photo below shows drilling taking place on 28™
December 2017. Despite the large number of workers involved
in the construction, there was no fatality which is a credit to the

management of site safety.
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This photo shows the rotary drilling rig (green)
being used for drilling a hole to place one of the
piles used in a main pier. The steel piles (casing)
have the length and the diameter of the pile
written on them. The diameter of the steel pile
appears to be 3.46 metres and the length of the
pipe is 63 meters near sea level.

A bucket auger driven by hydraulic power is
used for removing the earth. The outfall was

disposed of in a nearby island, Thilafushi.
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The use of the machine to drill the first large-diameter
pile foundation of the main bridge on 11" October 2016 is
shown below.

2016410 A 11 H , FNERREHEZ MRS — D KB AT
2 OWTNER.
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Above, a rotary drilling rig is being used to remove AR TR AL BR A AL AL R . BE
coral from a pile. The pile tops are covered in nets and ToUF P90 768 5 T i e L I PG B  AMR i i R b e A

cordoned. There was no fatality during the construction AT, AR T RIS 2 2B RET .
of the bridge.




After driving in the piles for the main piers, and
excavating the coral from inside, the next major step was
placing the steel reinforcement cage. After the cage is

placed, the pile is filled with concrete.

For underwater concrete work, two methods are used

to pour concrete. One is direct pour and the other is the
use of tremie. A tremie is a watertight pipe with a conical
hopper into which concrete is placed. A tremie avoids
washout of cement from the mix due to turbulent water
contact with the concrete while it is flowing. The photos

. N et show that both the tremie method and the direct pour
— B RGLEEE  ab aas e, s aN A g 1E

My FRCEIER | PR IR b, AR A method were used to fill the piles. The next major step
I A& BT ZEE T LA A9 58 & was building the pile cap.
AT K o
016211 HoH . M S — AR s Tl ZRHLAEE BRSO, X e

R 75 i HEIX 2822 A BB B

Once the coral from inside the piles were

dug out using core and bucket augers, the
reinforcement cage was slowly lowered into the
pile. Then, concrete was poured into it. These
operations required a temporary platform and
trestle bridge From the photo on the left, one

can see how rebars were joined.

Note the distance between two rebars. They

are spaced far apart probably because the steel
casing was very thick. For the same reason, the
rebars are not epoxy-coated. The rebars used for
the superstructure are epoxy-coated because

the concrete is exposed to the environment.
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The Pile Cap

3

A pile cap is a thick concrete mat that rests on
the piles that have been driven into the seabed
to provide a suitable foundation to anchor

the ends of the arches. As part of the pile cap
is underwater, a water-tight compartment is
necessary to construct the pile cap. Generally,
a cofferdam, a temporary box surrounding the

piles, is used to keep the water out.

After the piles were driven into the sea bed,

a steel platform with holes was dropped onto
the piles. Itwas held in place initially with
struts welded to the piles. The platform was

the bottom of the cofferdam. The sides were
sheet steel strengthened with steel beams made
ashore. By removing the struts, the cofferdam
can be lowered at a later stage for constructing
the pile cap. Seawater would be pumped out
from the cofferdam so built to prepare and pour

concrete.
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These photos show the middle pier of the bridge. Once the ~ 20174F5H 13, M E R GIREE L IRT

cofferdam was completed, pouring concrete into it started  20174E7H20H |, H BAGH KR EMR &2 L2
on 13" May 2017 (above). Pouring was completed on 20"

July 2017 (below).

Lowering the cofferdam

This series of photos shows the cofferdam of one of the
main piers being lowered. The process takes hours.
After lowering, the bottom is sealed with a concrete slab.
The slab is thick enough so that its weight is sufficient
to resist hydrostatic forces to lift it. The water is then
pumped out creating a dry working environment inside

the cofferdam.
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This photo, taken on the day the pouring of concrete ;?
into the main pier cap started, shows the inside of the =~ 2

cofferdam. Note the construction of the cofferdam, the
number of piles and their placement. Dated 13" May 2017.
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Reinforcement of one of the main piers. The
arch legs are seen on either side. The pipes in the
foreground take water to the pile cap to prevent
cracking due to high temperature.

20174E6 H 15H, TR & Fh FEARR 22235 K i &

The photo below shows the pile cap after the concrete has
been poured. The pile cap is a massive block of concrete
which distributes the load equally over the seven piles and
thus over a greater area of bearing potential. It also serves
to stabilize individual piles increasing overall stability of
the piles and provide the necessary combined resistance
to stress set up by the superstructure. Note that the live
load, the dead load and the environmental load are all
transmitted to the pile cap.

The upright vertical (red) tubes supporting a
horizontal platform are not part of the pile cap. They are
temporary supports (scaffolding) for constructing the
bridge deck over the open spandrel. They also form the
scaffolding for constructing the skewback from which the
arch rings (legs) start.

On the left is a photo showing the reinforcement of the
pile cap and the start (skewback) of the arch legs.
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The Arch Rings
VI

The arch ring is the curved part of the main
supporting elements of the bridge. The China-
Maldives Friendship Bridge is a multi-ring

arch bridge with four main rings and two half
rings. The rest of the bridge deck constitutes
the approaches to the arches of the bridge. This
chapter describes the construction of the arches

— the main superstructure of the bridge.
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The arch legs shaped like a V started off from the pier cap. This photo is dated 3'¢ August 2017.
20174E8 A3 H , v Hy ACE R HF T MF 1 ORVIR 28 — 15 Bri Ak - e 3R

The bottom of the open spandrel
above which is the bridge deck has

a formwork made of steel as steel is
stronger and easier to shape into the
curve required. The bottom of the
arch leg formwork is supported by six
rods.

VT TR P AN AR, R R
WM T G 2.

In this photo dated 2" August 2017,
the deck above the spandrel is being
poured. To extend the arch leg, a
steel structure will be built atop to
hang the formwork.

20178 H2H, A K EAF I
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Balanced Cantilever
Construction

Except for the crown, the arch rings were
built using balanced cantilever method. In
this method, the arch rings are progressively
built on each side of the pier in a balanced
manner to minimize load unbalance and
longitudinal bending in the pier and its
foundations. In the construction phase, the
deck is self-supporting, which also supports
erection equipment. This construction method
is particularly advantageous on long spans in
marine operations where formwork cannot be

supported from ground.

A “hanging basket” was used to extend the arch legs. The
hanging basket is a structure that is able to move along
the bridge, anchored on the already completed deck. The
structure is used to pour concrete symmetrically from
two ends of a pier. The components include the hanging
system, travelling system, bearing structure, anchor unit
and operation platform.
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2017.12.3 Basket Preloading Completed at 19# Pier of the
main bridge on Malé Side (V Leg).
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Negative bending governs balanced cantilever construction, and this often

requires box sections with a thick bottom slab at the root of the cantilever and
many longitudinal tendons in the top slab. The thickness of the box sections as

well as holes for tendons can be seen from the photos.

Pouring of
concrete on the
main bridge deck
above spandrel
and top side of
the box girder on
7" January 2018.

20184E1H7H,
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Dated 8
October 2017,
this photo shows
the work being
undertaken to
extend the legs
of an arch.

20174E10 8 H
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These photos show how the arch legs start off from

the pier cap and extend towards the crown of the arch.
Balanced cantilever construction does not make use of
supports at ground level enabling erection of the arch
over the sea. The photo on the left shows the inside of
one of the arch compartments (voids); there are two. Note
the height and the steel formwork. Closer to the crown
the arch formwork inside was made of wood on steel
frameworks.

Arch legs being extended using the
“hanging basket” method.

BUBRSRH] “HEQE” A THEN

Formwork for concrete box girder
being built over the approach bridge.
Note the steel framework and
plywood facing.

G EROIREE LR . TERHIHE
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The above blueprint shows that the arch depth gradually
decreases from the leg towards the arch crown. The depth
appears to decrease about threefold within this distance.
The depth of the concrete of the bridge deck is a constant
32 centimetres.

The depth of the bottom layer varies from 82.5
centimetres to 32 centimetres. The bottom layer is
thicker because the concrete is under great compression
in this area.




The erection of steel
box girder sections at
the top of the arches

After the arch has been extended with concrete to the
necessary extent, a section of the steel box girder section
is lifted and fixed to the concrete section. From the photo
at the bottom, dated 3¢ May 2018, the attachment method
to the concrete arch leg is visible. The longer spanning
box girder section will be fixed to this section. The steel is
protected from rust by a grey epoxy paint.
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The centre sections (crowns) of the arches were
not made of concrete. They were constructed in
steel box girder forms in China and then cut into
suitable sizes for shipping. The sections were
then re-welded together and lowered to the
centre section and fixed. The photo on the left

shows the box sections on the deck of a ship.

FEHCR S —ERERLE , F5 R AR 1) — 070 2R
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The top photo shows shorter box
girders being fixed to the arch leg on
both sides.

The photo on the left shows the
divided sections being lifted on the
concrete deck for assembly:.

In the photo at the bottom, the
individual box sections have been
welded together in a gentle curve,
and attachments are fixed to the ends
of this long box girder. The end points
are used to “launch” the girder to the
other end by gradual pushing. This

is what is known as “incremental
launch method.”
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The large box girder section, almost 50 metres long, is first assembled on 1. On 24 June 2018, the process of
trolleys on the deck of the already completed section of the bridge. Then, after ~ pushing the steel box girder between
fixing end supports, the box-girder section is pushed to the other end of the two piers of the main bridge

arch by large hydraulic jacks. The long arm fixed to the section reaches the 2. On 29" June 2018, the steel box
other end before the section loses balance. Thereafter, the section is lowered girder between the two piers of the
slowly into place and fixed. main bridge.

3. On 19" June 2018, the steel box
girder being placed between two
piers of the main bridge.

4. 0n 3" June 2018, the main bridge
steel box girder pushing operation
using hydraulic jacks.

1. 201856 H24H, FHFIHA A
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Box-girder section being pushed into place on 9'" June 2018.

20185E6 HOH, FHFANAR B2 T4 72




75

These photographs show the final construction
phase of the main bridge. The photos on the
facing page were taken from the artificial beach
on the east end of Malé. In the top photo, one
of the box girder sections had been lowered
and fixed at the crown. In the bottom photo
both had been lowered into their respective
positions.

The bottom photo on this page, taken
on 24™ August 2018, shows a static test of the
bridge. The static test was conducted by placing
heavy vehicles end to end on the crown of the
arch. In some bridge construction work, the
whole bridge is loaded with vehicles for the
static test. However, this was considered not
necessary for this bridge.
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The Approach Bridge
5185

From a structural point of view, the bridge
consists of two types of spans. The spans in the
deeper sea constitute continuous box girders
with variable cross section; those at shallow
areas (numbered 1in the photo above) are
straight girders or beams. In the photo above,

the section constituting arches are marked as 2.

There are four full arches (or rings ) and
two half arches in the whole bridge. None of the
arches are symmetric. This chapter describes
how the girder or beam bridge or the approach

bridge was constructed.
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The approach bridge from Male’-side is
in a shallow arch when viewed from the beach.
The piers are made of smaller-diameter piles,
and less in number than the V-shaped piers.
The spans between the piers are shorter (about
30 metres) and the bridge deck rests on girders
between the piers. The construction method
used for this section of the bridge was quite
different.

This sequence of photographs shows the construction

of approach bridge piers. First, the pile casing is sunk

and the inside is excavated. These pile casings are much
narrower than the ones used for arch piers. Concrete is
poured into the piles after placing the reinforcement cage
inside. The pile cap is built using a cofferdam under water
and a column rises from the cap to form the T-shape pier
on which the I-beams are placed.

X RIR AR 15 I RS T — 2 YThE, W
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1 The pier column starts underwater
from the pile cap built using the
cofferdam.

2 The T-shaped cap beam formwork
assembled ashore for testing,.

3 Reinforcement for the I-beam
pier cap. Note the plastic pipes for
tendons.

4 The pier cap being filled with
concrete.

5 Completed pier caps and some
caps under construction. Near beach
there are twin columns for each pier.
The piers are 2550 mm wide.
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Prefabricated beams or girders were used for spanning the piers in the approach
bridge (19 November 2017).
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The photo below shows some spans of the approach
bridge laid with 10 I-beams in each span. The I-beams are
about 30 metres long and 1.8 metres deep. The width at
web is 0.7 metres. Normal width is 0.3 metres. There are
secondary beams connecting the I-beams cross-wise at
two places.

In the photo further down, the I-beams have been
completed and the deck is ready to receive the 250 mm
thick deck slab. Note the rail tracks used to transport the
I-beams on trolleys to the bridge.

The aerial photo on the right shows the approach
bridge almost complete. It was taken on 29" April 2018.
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Ancillary Works
S e TR

Some works associated with the bridge but
directly unrelated to the structure of the bridge
were undertaken concurrently with the later
stages of bridge construction. These works
include the traffic and pedestrian railings,

approach roads and similar projects.

Construction of the Gateway

The gateway is an arch constructed of steel
at the entrance to the bridge. It serves three
main purposes: first, it defines the entrance to

the bridge proper; second, the gateway gives a

prominent place to write the name of the bridge;

and third, because of its arch-style and two

minaret-like structures which gives support to

the arch, there is a semblance to a familiar local

architectural style. The photo, taken eight days

before the opening, shows the construction
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of the gateway. The original name (China-
Maldives Friendship Bridge) was too long to

be written on the gateway in Dhivehi. It was
shortened to “Sina-Male’ Bridge” [China-Male’
Bridge] to fit the available space.

The sequence of construction steps as the steel gateway

and supporting minarets were being built. The bottom
photo is dated 12% June 2018.
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Construction of the
Approach Roads to
the Bridge

Perhaps, the most significant
of the ancillary works
associated with the bridge is
the construction of the road
between the Hulhulé end of
the bridge and Hulhumalé. A
bridge to Hulhumalé will not
serve its purpose without this
link road. The construction of
this roadway was undertaken
under a separate contract.
There were other road works
associated with the bridge
including the approach roads
to the bridge from Malé side
and that from Hulhulé side.

87

The photo above shows the link road from the bridge to Hulhumalé. The road
is about 4 kilometres long and has four lanes. The road is just below the aircraft
approach path to Hulhulé airport runway. Earlier there was a narrower road
from the airport to Hulhumalé. The wider road required extensive reclamation.
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The sealing of bridge and approach roads.
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These photos show the sealing of the southern approach 15_(1&:'5‘% AHET201848 11 H, IR T 5 R g2 ol
road in Malé. These were taken on 11" August 2018. WIHE SR,




Provisions for Electrical Power Cables
and Water Pipes

At some stage in the design process, a decision
was made to interconnect the electrical grid

of Hulhumalé and Malé requiring a path for
electrical power cables to be laid along the
bridge. This decision is sensible because there
is an increasing demand for electrical power in
Malé but little space to expand the powerhouse
which is located in a densely populated area.
The interconnection of the electrical grid of
Malé, Hulhulé and Hulhumalé will raise the

power requirements to a level for which more

The water pipe (blue) was covered in thick insulation
about 8 months after bridge opening. The pipe has a
length of about 2160 metres and a diameter of 500 mm. It
rests on a 750-mm wide ledge on the western side.
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efficient large generators can be installed. A
similar decision was made for water supply as

well.

The diameter of water pipe was 500 mm.
The water pipes are placed and connected from
Male’ to Hulhumalé via airport island. The total
length of the water pipe supply in this project
was 2160 meters. On the bridge, the pipe was
encased in insulation and covered with stainless
metal sheets. The high voltage cable on southern

ledge of the bridge was designed to carry 132 kV.

ERIFBEL R, Sk LT RS, %
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The ledge for the electrical cable. This ledge is also about
750-mm wide. Both ledges decrease the width of the
bridge available for traffic. As of June 2019, the electrical
cable has not been laid. The ledge is 250 mm thick.
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The Bridge Opening

KI

The initial scheduled date for bridge opening
was 26" July 2018 in time for what is locally
called the Independence Day— the day Maldives
left British protectorate status. The bridge

was finally opened on 30" August 2018 in the
evening around 8:30 p.m. The presidential
elections were to be held on 23" September
2018.

The opening day was marked by a general
festive mood across the whole nation. As the
time of opening neared, the eastern streets
were thronged with joyful men, women and
cheerful children trying to get a view of the
grand opening. The Maldives’ President
Abdulla Yameen and Wang Xiaotao, Chinese
government special envoy and chairman of the
China International Development Cooperation

Agency, officiated at the opening ceremony.
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Wang, on behalf of the Chinese government,
congratulated Yameen on the opening of the
China-Maldives Friendship Bridge, calling it an
iconic project by the two countries to co-build
the 21** Century Maritime Silk Road under the
Belt and Road Initiative. Yameen expressed
his gratitude to the President and the Chinese
government for their keen support in realizing
the Maldivians’ longed-for dream of a cross-
sea bridge. He said that it took 3 years and 11

months from start of discussions to finish.

Fifteen hundred other Maldives government
officials, diplomatic missions and
representatives from all walks of life also

participated in the opening ceremony.

The bridge was opened by the President and the Chinese
envoy by lighting up the entrance gateway to the bridge
simultaneously by remote control in the evening on 30"
August 2018.

Afterwards, a Chinese lion dance and local
singers entertained over 1500 people who were present
for the opening. The event, shown live on television,
was watched by the great majority of the citizens. An
unprecedented light show and fireworks illuminated the
starry sky from the bridge.
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Buses carried VIPs across the bridge after the opening.
The next day, on 31 August 2018, as a publicity event,
six marriages were officiated on the bridge. The photo
below was taken on 7't September 2018, the day the bridge
was opened to the public. Visitors came from all over the
Maldives to view the bridge in the following four months.
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Removal of Temporary Trestle
Bridge

The temporary trestle bridge was one of the
earliest structures to be built for constructing
the bridge proper. It was the last structure to
be removed after the bridge was completed.
Work on dismantling the trestle bridge had
begun soon after the arches were completed
and vehicles could be driven across the bridge.
However, the removal of the piles driven into
seabed and some platform structures remained
after the bridge was opened. The photos on this
page were taken in December 2018.
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Local newspapers reported that by 28% January
2019, most of the piles for the temporary trestle
had been removed. The piles were cut at seabed

level and raised by a barge crane.
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Remediation of Sea Spray Issue on
Bridge Deck

Soon after the approach to the main bridge from
Hulhulé was completed, it was noticed that
during high tide and when the sea is choppy,
waves from the south-east would lash onto

the bridge sending sprays of seawater onto the
deck. The bridge deck at this area was almost
constantly wet for this reason. If the bridge had
started further back from Hulhulé raising the
deck higher at land’s edge, the deck could have
been dry. As a temporary measure, a wall about
2 metres high with a poster facing the deckside
was placed on the south-east railing. For six
months after the bridge opening, this temporary
fence protected the users from the salt spray. A

more permanent solution was required.

Work started on a permanent solution in
February 2019. The lagoon on the eastern side
was reclaimed to about 30 metres towards the
sea, and the temporary fence was replaced with
a 2-metre high concrete wall. However, at the
northern approach to the bridge, the waves
lashing on the breakwater continued to send salt
sprays onto the approach road. The breakwater

project was completed by the end of May 2019.
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Mr. Mohamed Amin Didi, the President of the

first Republic in the Maldives was a well-travelled
visionary with an understanding of the Western
world of his time. During the early 1950s, The
President had envisaged in his article in the daily
newspaper “Viyafaari Miadhu”, predicting that in
the future, the overpopulating of Malé (the capital
island-city) will reach a point when Hulhulé and
Viligin’li (the two islands flanking Malé, now known
as Hulhumalé and Vilimalé) would have to be
urbanized as the suburbs of Malé to deal with the
issues of land scarcity. He reasoned out that the
shortfall of space for homesteads and recreational
activities in Malé can be best served by inhabiting
both those islands. He stated that this would
happen in the future. He brought the idea to the
attention of the public and the government. Thus
emanated a distant dream of his and saw Hulhulé’s
transition as an economic hub. He foresaw that the
population growth of Malé would compel such an
action.

Mr Amin Didi’s term as the first President of
the first republic came to a tragic end within a span
of seven months and twenty-one days. A foreign
historian is said to have quoted that “President
Ameen Didi was a man far ahead of his times, and
the mindset of the rest of the nation then was a
century apart”. It is reported that the well-known
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Maldivian author and Dhivehi linguist late Sheikh
Hussain Salaahuddheen, too, had shared his belief
of an over-crowded Malé in the future that would
prompt a migration over to the islands of Hulhulé
and Viligin’li.

Following Ameen Didi’s Presidency, Maldives
again opted for a Sultanate with a figure-head
sultan, Sultan Muhammed FareedI,anda
prime minister to execute the affairs of the state.
Velaanaage Ibrahim Nasir, the Prime Minister went
on to become the first president when Maldives
opted to be a Republic for the second time in
November 1968. Prime Minister Nasir, on the 7%
of February 1968, initiated a project to reclaim the
lagoon between Gaadhoo (a small island barely
more than a sand bank at the Southern tip of
Hulhulé) and Hulhulé to facilitate the extension
of the runway at the airport. As part of this airport
expansion project, the resident inhabitants of
Hulhulé were relocated to the newly reclaimed
areas on the west-side of Malé.

President Nasir made an unprecedented
attempt to “bridge” the sea between Malé and
Funadhoo (the tiny uninhabited island immediately
to the north of Malé and about half-way between

Opposite: Elevations of approach bridge piers.
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Malé and Hulhulé) and thereon
from Funadhoo to Hulhulé’.
This attempt, however, proved
to be futile due to many factors
such as the lack of technical

and engineering knowledge

and funding available at the
time (the early 1970s). It was

an infeasible exercise to build
an earthen bridge by the use

of coral-fill purchased from

the coral miners of Fenfushi
and Maamigili islands. A steel
hull of a worn-out small vessel
called ‘Thingan’du vina’ was also
sunk into sea during the filling
process. It is said that the old
cannons which came off from
the forts were sunk into the area
as well.

The depths of the sea
and the distances were simply
beyond the capacity and the
knowledge available to the
Maldives at the time. This
project was abandoned a few
weeks after when no progress
was shown. As futile as this
attempt turned out to be, the
dream lived on.

In November 1978,
when President Maumoon
Abdul Gayyoom succeeded his
predecessor Mr Nasir, work
was already in progress on the
expansion of the International
Airport in Hulhulé which was
declared open in 1981. When
the airport reclamation project
was initiated in Hulhulé, land
reclamation on the west and
south side of Malé was already
underway to facilitate housing
for the public and other
government’s land requirements
in Malé. The Department of
Physical Planning brought in
Mr. Borg Hanson, a Danish
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national, in 1984 to serve as a
regional development expert.
He proposed that the lagoon of
Hulhulé can be developed as a
suburban district; however, at
that time, no actions were taken.

The nearest tourist resort
to Malé on the island of Viligin’li
was closed on 19 May 1990 and
the island was taken over by
the government for residential
development. Housing plots
were made available along
with the development of flats
and apartments and other
infrastructure for residents
to move to Viligin’li. During
the year 1992, a visiting Italian
delegation proposed to the
government to link Malé with
Viligin’li by bridge. Later, Mr.
Ibrahim Rafeeq, who had
served in the Physical Planning
Department and as a cabinet
minister stated that the Italian
group’s proposal was to establish
a cable car between Malé and
Viligin’li. The projected cost
was USD 80 million, which
also included construction of a
school. During this period the
Maldivian annual budget was
under USD 100 million (the 1992
national budget 1.1 billion MVR).
The financial reality withheld
a decision to undertake such a
project. However, the Italian
group proposal was not backed
by avalid study on such an
undertaking.

Subsequent development
plans for Viligin’li drawn up by
an Australian national, Mr. Chris
Redford, had made an allowance
to accommodate a connection
of abridge to Malé, should a
requirement arise. There was
still no general vision for further
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reclamation of Hulhulé at this
time, though the population of
Male’ had been growing.

In 1997, when the
Hulhumalé reclamation
project got underway, most
did not foresee that it would
eventually grow into such a large

undertaking as one would see
today. During the latter part of
this project, the reclamation was
contracted to a foreign company
with the necessary expertise.
One cannot but help notice

Plan and elevation of approach bridge, Male’ side.

the major difference between
the Hulhumalé project and the
Viligin’li project, whereby in the
case of the latter, the apartments
and the housing plots were given
out at no cost at all as was the

customary method. However,

in the case of Hulhumalé, the
apartments and housing plots
were up for sale at a quoted price
unlike before. A committee was
established in 1993 under the
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office of the President brought in the proposal of Mr.
Borg Hanson for further review. A subcommittee
advocated the proposal to take a decision to reclaim
Hulhumalé for expansion of the airport and human
settlement. Mr. Hamdhoon Hameed who served as
a member of that committee and who subsequently
became the planning minister, said that the
reclamation project at Hulhumalé under Greater
Malé programme conducted a series of discussions
on the subject of creating a link by a bridge
between Malé and Hulhulé. Series of paper works
were drawn up to supplement the discussions.
Those papers were prepared in view of the dire
requirement of additional space for the growing
population, to establish housing infrastructure to
provide essential services. Those paper works were
not exclusively meant for the concept of a bridge.

The vision was to increase the land area
to serve the residents badly in need of housing.
The main focus of a bridge was envisioned as the
means to link Malé. It was decided not to duplicate
existing services established in Malé. Engineers
from foreign countries and technical personnel

were also of the opinion that a bridge was feasible.
Mr. Mohamed Hunaif who saw the paper works
confirmed the discussions. However, a specific
study was not undertaken at this time for the
purpose of a bridge. It was contained in a report of
the Malé Housing and Urban Development Board.

There were two options for the bridge under
discussion. One was for the bridge to be built via
Funadhoo Island and the other option was to
bridge the sea between south-eastern end of Malé
to the southern end of Hulhulé. After two years
of discussions, the concept report for the Greater
Malé area included linking the strip of islands
up to Dhiffushi island in Kaafu atoll. This view
was verified and confirmed by two of the former
cabinet ministers, Mr. Hamdhoon Hameed and Mr.
Ibrahim Rafeeq.

In 1993, Mr. Borg Hanson was back on the
project with the Ministry of Planning and this time
with the assistance of two senior engineers from
Japanese NGO JOCV then operating in Maldives.
The team was led by Mr. Abey and work of this team

Maldives is the compulsory route Region.
for the 21st Century Maritime Silk

World’s first sea-crossing bridge under deep sea and
exposed ocean environment with coral reef geology

implemented by the Agency
for International Economic

Road”. The construction of the
China-Maldives Friendship Bridge
is avivid practice of the Belt and
Road Initiative, demonstrating
the global governance concept of

“consultation, contribution and
shared benefits”.

China-Maldives Friendship
Bridge is the first sea-crossing
bridge in Maldives connecting
Malé, Hulhumalé and Hulhulé,
which has greatly improved the
travel needs of local residents.
The bridge is a major livelihood
project in Maldives and will
further promote the economic
development of Greater Malé

China-Maldives Friendship Bridge
is world’s first sea-crossing bridge
under deep sea and exposed ocean
environment with coral reef
geology. It is 2000 meter long and
consist of bridges, reclamation
embankment and connection
roads. The main span of main
bridge is 180 meters long, and the
main bridge structure is V-shape
pier six-span continuous rigid
frame, and designed service life for
the bridge is 100 years. The bridge
commenced on 30th December
2015 and will open to the traffic on
30 August 2018.

The project is organized and

Cooperation of the Ministry

of Commerce of the People’s
Republic of China. Ministry of
Housing and Infrastructure
represents the Maldivian
government to implement the
management for the project.

The project management unit is
C.C.C.C. Highway Consultants
Company Ltd., the EPC contractor
is CCCC Second Harbour
Engineering Co., Ltd., and the
drawing design institution is
China Zhongtie Major Bridge
Reconnaissance & Design
Institute Co., Ltd. [C.C.C.C. stands
for China Communication and
Contracting Company].

— from the display board at construction site
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included the identification of islands that could be
developed as hubs in the different regions of the
Maldives. This team also worked on the greater
Malé concept and Hulhumalé was suggested to be
the central urban region and an extension of Malé.

Discussions were also underway to decide
the location of the bridge. If the bridge was to go
via the island of Funadhoo, all sea going traffic
would be flowing under the bridge. At one point, an
underwater tunnel was also discussed but the idea
was dropped due to too many bends that had to be
negotiated on the sea-bed. Once the drawings of
the bridge were endorsed by Cabinet, the Ministry
of Planning announced it to the general public and
opened it for tenders.

The initial bids received reached the range of
about a Hundred (100) Million U.S. Dollars which
the government concluded as too burdensome.
Another bid by an Indian company presented

Cross-section of approach bridge.

a concept linking Malé to Hulhulé excluding
Funadhoo island to avoid complications. By 2005,
this project was assigned to the Maldives Airports
Company and under the guidance of the Transport
Minister as the Airports Company was under the
Transport Ministry. The project was now placed
for international tender. With over 20 bidders
expressing interest towards the project, the project
was then opened for public bidding in 2005. SBI
Capital Market was awarded the project and was
required a report in six months.

Mr. Mahmood Shafeeq who was given the
charge of this project in the Malé International
Airport Company said that since the project was
apportioned in the national budget, the cost
would be repaid to the company. Furthermore,
as a company it was more convenient to execute
the task speedily. No further information were
disclosed to the public till the end of 2007.
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The concept drawing of the “Moon
Bay Marina” project and development of the
surrounding areas of the south-eastern side of
Malé appeared during the countdown to President
Maumoon Abdul Gayyoom’s final term as president
during 2008. The “Moon Bay Marina” project,
however, was a completely different and expensive
project proposed by a foreign investor and the
design and planning was to be done by them as
they were known to have done similar projects in
the Middle-East. Former Planning Minister Mr.
Hamdhoon Hameed said that this was to be an
upgraded version of the existing “Artificial Beach”,
the Japanese assisted project, only, this time it
was to incorporate a city hotel of 5-star rating,. It
is believed that “Moon Bay” did not have much
involvement of the government. The entire area
including the beach was to be used by the investors
for their requirements. President Nasheed and his
government who defeated President Gayyoom at
the 2008 polls, also discussed this project and a
bridge between Malé and Hulhulé, noted the then
Finance Minister Mr. Ali Hashim.

According to Mr. Shahir (Manager of

“Lagoons” — the once iconic football club in

Maldives), on his invitation, Sir Gordon Woo, from
Hong Kong visited the Maldives in 2010 and did
his own study into the possibility of bridging Malé
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Approach bridge girders.

with Hulhulé. Sir Gordon Woo was the promoter of
the bridge connecting Hong Kong, Macau and the
mainland China across a distance of 50 kilometers—
the Hong Kong - Zhuhai - Macau Bridge. This
bridge, as of now, stands as the longest bridge in
the world. He submitted his design of the bridge to
the government. His design included a facility to
generate hydro-electricity to supply to the needs
of the bridge and sell the excess energy to State
Electric Compnay (STELCO). His estimated cost

of this bridge was around 250 million US dollars.
This concept was shared with President Mohamed
Nasheed.

On the 20" of December 2011, after much
discussion in the cabinet, the idea of a bridge
between Malé and Hulhumalé was made public.
These discussions had revolved around a costing
with figures ranging from 70 to 100 million
US dollars quoted by an undisclosed company,
apparently who worked on similar projects dating
back to 1946. Although Mr. Ali Hashim who was
President Nasheed’s finance minister stated that
they had tried to construct this bridge. The
Government caused Ove Arup & Partners Hong
Kong Ltd to carry out a feasibility study of the
construction of the bridge on 31%* May 2011. After
an initial desk study in Hong Kong, a site visit was
made by the consultants from 14 to 16" June 2011.

Three alignment options were considered and the
best alignment option was decided to be where

the Sina-Male’ bridge was actually built in view of
the dispersal of traffic and the long-term goal of
connecting the Greater Male’ Region. Three types
of bridge structures were suggested, none of which
resembled the one actually built by the Chinese.
The cost was estimated to be between USD 70—100
million. The report is 118 pages long.

After President Nasheed’s resignation in
February 2012, his Vice President Dr. Mohamed
Waheed Hassan took office as president. The
21-month Presidency of Dr. Waheed never publicly
launched a discussion on the subject of a bridge.
However, on the day the Sina-Malé Bridge was
opened, President Waheed had tweeted that during
his term there had been discussions with the
Chinese government regarding the bridge.

Progressive Party of Maldives (PPM) came
to power in 2013. The proposal of Sir Gorden Woo
was presented to the new government. According
to Shahir, several leading government officials
expressed great interest. Shahir acknowledged
the merit of the government’s decision to forge
ahead with the project of building a bridge with the
generous support of the government of China.

President Yameen’s decision to proceed
with the actual construction of the bridge taking
into account the immense aid facilitated by the
Chinese government was appreciated and hailed by
many. The delivery of the bridge was a high-priority
pledge of President Yameen’s manifesto. Early in
President Yameen’s term, in July 2014, the bridge
project was announced to the public and opened
for tenders attracting nineteen bids from eight
countries. Of these nineteen, eleven bids were
from China. The next ten or so months, saw many
surveys and studies done on land and sea. These
studies were conducted by a Chinese company.

President Yameen Abdul Gayyoom visited
China in August 2014 to participate in the inaugural
ceremony of the Youth Olympics. During his visit
he met with President Xi Jinping. On his return
President Yameen announced to the media that

the bridge project would be awarded to a Chinese
company. He further elaborated that during his
Chinese visit that he urged the Chinese government
to channel all their assistance to the bridge project.
Barely a month later President Xi Jinping made a
state visit to Maldives on September 14%, 2014. A
joint declaration was signed by the two countries

to construct a bridge named China —Maldives
Friendship Bridge on 15" September 2014.

The bid for this bridge was awarded to
a Chinese company by the name of C.C.C.C, a
company who specialized in and had a very good
track-record for the construction of bridges
worldwide.

The vision for a bridge began to realize on 24"
December 2015 when construction commenced. A
value of 116 million US dollars’ worth of grant aid
was promised by China and 72 million US dollars as
a concessional loan and 12 million US dollars from
Maldivian government treasury was allocated for
the project. This amounts to a total of 200 Million
US Dollars as the cost of the bridge.

The long-held dream of a bridge across the
Gaadhoo strait was realized when the bridge was
officially opened on 30" August 2018, and traffic
began to flow over it a week later. The bridge is an
enduring reminder of the generosity of the Chinese
people and their government, and the ingenuity of
Chinese engineering. It will stand for 100 years as a
concrete reminder of the friendship between these
peoples, which stretches as far back as the fifteenth
century.

In November 2018, a new government was
elected and the long-term vision for linking the
adjoining islands of Vilin’gili, Gulhee Falhu and
Thilafushi was revived. When inquired about the
plans, the Minister for Infrastructure during the
former administration explained that several
designs and cost estimates were made to connect
the islands by a series of bridges, roads and
causeways. The distance to be covered was 6.7 km
of which 2.04 km constitute bridges. The estimated
cost was between USD 350 to 438 million.
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.6nstruci()n -Speed‘“ an
- Chinese Self-Reliance

The bridge project was described by its chief
engineer, Mr. Cheng Duoyun as “a task that
confronted very difficult and huge challenges.
Thirty three months was a very short period to
complete a task with such constraints. Working in
awarm and extremely humid environment on a
project of this magnitude rendered a very different
experience. It was an important feat to realize for
the 21** Century Maritime Silk Road.”

The bridge project in the Maldives proved to
be avery different and challenging experience for
the CCCC Second Harbour Engineering Co., Ltd
of China. The uniqueness of this project, unlike
the normal bridge building works carried out in
other regions of the world
normally across rivers,
mountains and valleys, is
to have to build it across a
deep ocean channel. There Road
were strong ocean currents
that flowed in different
directions. The support
structures had to be built
closer to each other due to the depth of the ocean
unlike bridges built in other terrains. Consideration
had to be given for its close proximity to the runway
of Hulhulé airport. Maximum height and minimum
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It was an important feat to realize
for the 215t Century Maritime Silk

level of lower suspension further had to conform to

restrictions.

“Normally we space our support structures
at about 600-700 meters. Contrary to that we had
to place them at 60,100,140 and 180 meters in this

bridge. The span of the main bridge was 760 metres

long . The remaining sections were 1200 meters.”

C.C.C.C. Company has given a life guarantee
of 100 years to the bridge set aside any natural
disasters. They consider this bridge as a Chinese
icon. Their greatest geological challenge was
the under water works. Since both islands were
developed from a coral foundation, and the
greatest depth between the
islands being 50 meters, it
ushered an entirely new
experience. About 90% of
the machinery, equipment
— Mr. Cheng Duoyun and materials used for the

Chief Engineer project were imported
from China. Gigantic heavy
equipment took 3 months

to reach the site from the date of order. However,
the completion of the project earlier than the
scheduled date remains as a testament to the
efficient speed of the work.

Construction of the deck as an accessibility
link for bridge building works also faced major
challenges. The ocean waves were further causing
hindrances during the planting of upright piles for
support and during welding works.

The work of driving steel pipes to the sea
bed, required for the core of the super structure
of the main piers of the bridge began on 3" March
2016. The giant barge crane which was used for
the purpose invariably faced a lot of steadying

difficulties due to changing tide and ocean currents.

It turned out to be a very time consuming exercise
requiring immeasurable patience, ingenuity and
experience.

According to one of the engineers in charge
of piling, the workers had to strive through three
to four sleepless nights due to lack of suitable
intervals for piling. They attributed the difficult
circumstances to the changing tides and strong

Details of approach bridge girders.

ocean currents. Surface currents were different
from the currents deep down. The Chief Engineer
felt deep stress over the anxiety of not being able
to complete the work in time. Over 200 work hours
were lost. A total of 37 steel piles were erected.
Driving in 35 steel pile casings were done on 5
platforms. They weighed 30000 metric tons. Piling
works were finally completed on 6™ December
2016. Sinking of main steel casings were completed
24 days prior to the set date. The foundation
comprised of 129 pipes. The completion of this feat
prior to the 19" CPC National Congress served as a
valuable gift from the company.

Ocean currents and strong winds posed
a great challenge to the reinforcement works.
However, capping construction of the main piers
was completed 22 days prior to the set date. All
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members of the crew who were working on the
ocean under scorching heat needed at least 5 liters
of drinking water per day to stay hydrated. The
public would have seen the crew members who
were transported by ferry from Malé to Hulhulé
each carrying 5-liter bottles of water with them.
These were to keep them hydrated while at work.

In the year 2016, some 90 members of the
Chinese workforce suffered bouts of dengue
fever. One of the serious patients required blood
transfusions from 10 other workers. Regular
mosquito repellent spraying was carried out to
prevent further infestation. One workman lost a
leg due to an accident during the early stage of the
work. However, not a single human life was lost
during the entire project. The entire workforce was
highly focused to complete the project on time. No
one had a day off. Work was carried out incessantly
24 hours a day, 7 days a week.
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Engineers in charge regularly inspected
the quality of sand and bitumen as and when they
are brought in. Regular laboratory tests were
conducted to maintain the quality of concrete prior
to use.

Engineers also regularly met to discuss the
accuracy of the works to the original plan with
photographic records of the work done under the
sea. Regular meetings were held between relevant
authorities and work units.

The teams of Ministry of Commerce of
the People’s Republic of China regularly visited
Maldives to meet with the contractor. They also
conducted a mid-term review. Regular meetings
with the officials of the Housing Ministry were
held to solve confronting challenges. Some of
those meetings were attended by the then Housing
Minister Mr. Muizzu too.

The total workforce of 1000 personnel
comprised 700 Chinese nationals and 300 others
made up of Indian, Sri Lankan and Bangladeshi
nationals. The participating Maldivian teams
were members of the Engineering Department
of the Housing Ministry, and other officials
from that Ministry. They were engaged in
logistical coordination activities involving inter-
governmental departments. The MNDF and
Maldives Police were on hand whenever their
support was needed.

No Maldivian labor was used in this project.
However Maldivians and Maldivian companies
stood to receive benefits during this project. Rental
charges occurred by companies who provided
cranes, lorries and other heavy machinery. Many

Maldivian sources supplied food items to prepare
meals for 1000 strong workforce. Businesses who
supplied water, gas and fuel stood to earn from this
project. Some of them earned several millions of
Rufiyaa.

C.C.C.C. company organized activities
dedicated to children as a social responsibility of
the company. Maldivians had the opportunity to

taste Chinese food and to witness cultural activities.

In July 2017, a visit to the bridge was organized for
200 school children.

C.C.C.C. company regularly presented
Certificates of Appreciation for services rendered
by institutions and individuals. High ranking
officials of the Chinese government periodically
visited Maldives to inspect the bridge project.
Former President Yaameen visited bridge site prior

to concrete pouring after the completed piling
works.

On completion of this largest ever project
in Maldives, up to now, it stands as a testament of
Chinese engineering, speed, work management,
Chinese robust economy and their great self-
reliance.

C.C.C.C. Second Harbour
Engineering Co. Litd.

C.C.C.C. Second Harbour Engineering Company is a
wholly-owned subsidiary of China Communications
Construction Co. Ltd. As the first main force in
Chinese bridge construction, C.C.C.C. Second
Harbour Engineering Company has successively
built more than 300 influential cross-river, cross-
sea and over mountain and gorge bridges, which
has rewritten the Chinese record and world record
of the bridge construction. It has made important
contributions to the transition for China from a big
bridge construction country to a powerful bridge
construction country. It has been praised by the
People’s Daily and other media as the ‘dream team’
of Chinese bridge building.

— from the display board at
construction site
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