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
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.
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A number of steps were required before the
vision of the bridge could be realized. Although
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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
vision has a relatable image.

president, what set the ball rolling was the visit
of HE Xi Jinping on the invitation of Preident
Yameen, and the signing of a memorandum to

promote the bridge. The agreement was signed : e . .
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by the Minister of Tourism of Maldives, Hon.
Ahmed Adeeb Abdul Gafoor, and the Chinese
Minister of Commerce, Hon. Gao Hucheng. The
date was 15" September 2014.

Following the signing of the agreement on 15™

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 1* December 2014 O Dz e ST, (e @i e et o
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 ]

construction. These steps are usually involved
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in any large construction project.

21 22



23

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.

*

» &

Ahgsl e ts

TE DU R T BRI SR 2 8 o KR v X dak
o ZRIM, IEANA BN, P A A [A] o B
FE I o

SRV R EUN v VINAWN Y S DN /PN i e
FRIE, AMIWIET EREEERE, XAEMATLFHE T
T HIRTLASEBIR IR o AL, XTSI
TCPRATRERYARR o 4 FIWORESHZ IR ATLAE T LR A A K
TP, AR Bt & A T RIFER A . KRR
THE AT A A I H A ) 05 R R

] @k _—
\M@%‘j’@

Valasrary Falbu,

Vaadho o3
&‘}
229 ..ﬂec*f\,zﬁ"eg

o

?;cl""aﬂ
e

Dhgondbac i

: it
F 124
Boo Kabi || /

& 21,307/ |

ﬂfgug:,g«rl \
wranafushi

ﬁ:."ﬁxﬂh"-

H+Lg'¢ B 7 Hulule

i e -ﬁ J'x”:/:

300
Kan

rﬁJf
~._ %

T4

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.

Narth Malé

Atoll
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Boreholes were drilled to various depths on land and
seain 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.
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THE BUILDING TEAM
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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. BMRIEEEATF]: PRABMRNH AR
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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.
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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.
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These images show the bridge as conceptualized. The XL SRR P o BRSNS R FRT Y #
designers chose to span the strait using six arch segments ~ JEBORREEE MR . H RSB 180K 5 NE
of various sizes. The longest spans are 180 metres long. At ETHFRG, LLEBAGHRE.

The approaches are girder bridges. Given the constraints,
these are sound decisions.

The bridge is built on 26 piers each of which has four or
more piles. The arch sections at sea has larger piles.




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 a special ship on 25'h February 2016. The barges -

the construction of the workers’ quarters, the were unloaded by partially sinking the ship.
making of the bridge began. The first visible Using GPS positioning and survey data,
sign of the bridge being built in the sea was the large diameter pipes (casings) for the main
arrival of barges and barge-mounted cranes platforms were driven into the sea bed. These
from China. The crane barges were the largest were held in a structure mounted on the barge

ever to be seen in the Maldives. One had alifting  while being driven into the seabed by a hammer.

capacity of 1000 tonnes. They were broughton  Qp these were built temporary platforms.

The ship-mounted cranes were brought to the Maldives by a special ship in February 2016.
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Taken on 10* April 2016, the

above photo shows the start of the

The photo shown below, taken on 31 March 2017 from PUF B R a8 T20174F3 H31 H B R R E S 1, o s i CCOHSthtE,O n o’ithe ’Eirefzstle k;)ri;l}?e.
the Eastern esplanade, shows two barge cranes active TR ENENE . Btk EPES TAEZ AN, F#H el?él:t;iz E;Zlirzgctizin\:vagjoine d
on smkln.g the pile casn}gs. Apart from landing side BRI 2 SRS B Gaadhoo KolhulsE 1 A MR — A A8 11 only ;by a suspended walkway. The
Prepare}tlons, the mooring of barg.e cranes was the first AT, MR A UG FoR i 3ot image on the top left was taken on
indication that the dream of ae bridge across Gaadhoo o . .

o 27 April 2016. The trestle bridge

Kolu would be realized. At all times of the day, people
gathered on the esplanade to watch the magic of bridge-
building taking place.

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.

DL ER R T2016%F4H 10H, &
INTEUGHE TARMF » 3X I TAE M B T
G, RS H— KN TERFE
. £ EAE AR ET20164E4H 27
H. BEeistmimg. R —mE
F5, ERFIERENS LT AR
SRR A BoR TR T—1 A5
AR L o

32




AEER IR RE BREE
1

sidiies o tdatlitinaliil

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.
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After the trestle legs were driven in, the platform from E?’%ﬁi’%@ﬁi&Z{ﬁ ) il%i"élﬁ}iﬁiﬁiﬂflzé‘%[}\iﬂi& i
which the main piers would be constructed was dropped /l\iﬂ]ff W EEZ R 2K, ég—/]\ = 320 16@45 16 Eﬁﬁ
into the legs, each of which was about 2000 mm in o RXEFRRAPEGIERN. HRE TR, XLEHH5
diameter. The first platform was dropped on 16" April Bo

2016. The platforms were made in China. These were
removed once the bridge was completed.
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