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‘Gaadhoo Koa Channel’ is an atoll pass located in the southern tip of Male 

Atoll, Maldives, which separates the capital city, Male and the main international 

airport Hulhule island. The Gaadhoo Koa channel is known for its strong tidal flow 

and strong swell waves and is located in a strategic area which includes the main 

shipping lane for Male port and also marine traffic lanes connecting both Male and 

Hulhule with nearby inhibited islands and tourist resorts. Recently, a water crossing 

bridge has been constructed across the channel connecting these two islands. As a 

result, 21 bridge piers have been built across the channel which can result in potential 

changes of the flow regime in the vicinity of the bridge. This project report presents a 

numerical modelling study to investigate the hydrodynamic impact of the bridge piers 

in the Gaadhoo Koa channel. Various different software used for hydrodynamic 

modelling were explored and Delft3D-FLOW software was chosen. The model results 

were calibrated against water level data from Hulhule station and finally model 

simulations were run to assess the hydrodynamic impact of the bridge piers. The results 

indicated that the flows in the close vicinity of the bridge were reduced with the 

introduction of bridge piers. Also, the magnitude of flow velocity reduced around 

bridge piers and increased in between bridge piers. Furthermore, the overall velocity 

distribution in the northern region from the bridge axis showed a decreased pattern 

while the southern regions showed an increased pattern: peak velocity in the northern 

region decreased by 7.3 % 500 m from bridge axis while peak velocity in the southern 

region raised by 33% 500 m from bridge axis. Based on these findings, it can be 

considered that the introduction of bridge piers can have a considerable impact on the 

hydrodynamic conditions of Gaadhoo Koa atoll pass.



Terusan ‘Gaadhoo Koa’ adalah satu saluran terumbu karang yang terletak di 

selatan Male Atoll di Maldives, yang mana memisahkan ibu negeri iaitu Male dengan 

lapangan terbang antarabangsa utama di pulau Hulhule. Terusan Gaadhoo Koa 

terkenal dengan aliran pasang surut dan ombak yang kuat dan terletak di kawasan 

strategik termasuklah laluan perkapalan utama untuk pelabuhan Male dan laluan trafik 

marin yang menghubungkan Male dan Hulhule dengan rizab pulau berhampiran dan 

tempat peranginan. Terkini, satu jambatan telah dibina menyeberangi saluran dan 

menghubungkan dua pulau tersebut. Dengan itu, sebanyak 21 buah tiang jambatan 

telah dibina dan boleh menyebabkan perubahan pada regim aliran di sekitar kawasan 

jambatan tersebut. Laporan projek ini mengemukakan satu kajian pemodelan berangka 

untuk mengenalpasti kesan hidrodinamik terhadap tiangjambatan di Terusan Gaadhoo 

Koa. Beberapa perisian telah digunakan untuk pemodelan hidrodinamik dan perisian 

Delft3D-FLOW telah dipilih. Keputusan daripada model itu ditentukur terhadap data 

paras air daripada stesen Hulhule dan akhimya simulasi dijalankan untuk menilai 

kesan adanya tiang jambatan terhadap hidrodinamik. Dapatan kajian menunjukkan 

kadar aliran di sekitar kawasan jambatan menurun dengan adanya tiang jambatan 

tersebut. Selain itu, magnitud halaju aliran menurun di keliling tiangjambatan dan 

meningkat di antara tiang-tiang jambatan tersebut. Tambahan lagi, agihan halaju 

keseluruhan menunjukkan pengurangan di kawasan utara jambatan dan peningkatan 

di kawasan selatanjambatan di mana halaju puncak di utara menurun sebanyak 7.3%, 

500 m daripada paksijambatan dan halaju puncak di selatan meningkat sebanyak 33%, 

500 m daripada paksi jambatan. Berdasarkan hasil kajian ini, kesan hidrodinamik 

daripada pembinaanjambatan ini masih boleh diterima bagi terusan Gaadhoo Koa.
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7KH� SURSRVHG� VWXG\� ZLOO� PRGHO� WKH� K\GURG\QDPLF� LPSDFW� GXH� WR� D� ZDWHU�

FURVVLQJ�EULGJH�ORFDWHG�LQ�WKH�*DDGKRR�.RD��ZKLFK�LV�DQ�DWROO�SDVV�LQ�WKH�0DOp�DWROO��

0DOGLYHV��VHSDUDWLQJ�WKH�FDSLWDO�FLW\��0DOp��DQG�WKH�PDLQ�LQWHUQDWLRQDO�DLUSRUW�+XOKXOp�

LVODQG�� � 8QOLNH� PRVW� RI� WKH� SUHYLRXV� VWXGLHV� ZKLFK� FRQFHQWUDWHV� RQ� PRGHOOLQJ�

K\GURG\QDPLF�LPSDFWV�RQ�ED\�HQYLURQPHQWV��WKLV�VWXG\�ZLOO�PRGHO�WKH�LPSDFW�RQ�DQ�

DWROO�HQYLURQPHQW�ZKLFK�LV�D�GLIIHUHQW�FRDVWDO�VHWWLQJ��7KH�*DDGKRR�.RD�FKDQQHO�ZKLFK�

LV�NQRZQ�IRU�LWV�VWURQJ�WLGDO�IORZ�DQG�VWURQJ�VZHOO�ZDYHV�LV�ORFDWHG�LQ�D�VWUDWHJLF�DUHD�

ZKLFK� LQFOXGHV� WKH�PDLQ� VKLSSLQJ� ODQH� IRU�0DOp� SRUW� DQG� DOVR�PDULQH� WUDIILF� ODQHV�

FRQQHFWLQJ�ERWK�0DOp�DQG�+XOKXOp�ZLWK�QHDUE\�LQKLELWHG�LVODQGV�DQG�WRXULVW�UHVRUWV��,Q�

DGGLWLRQ��LQ�WKH�0DOp�VLGH�WKH�EULGJH�ZLOO�SDVV�RYHU�D�SURPLQHQW�VXUILQJ�VLWH���+HQFH�LW�

LV�LPSRUWDQW�WR�XQGHUVWDQG�SRWHQWLDO�DGYHUVH�HIIHFWV�WKH�EULGJH�SLHUV�PD\�KDYH�RQ�WKH�

K\GURG\QDPLF� SURFHVVHV�� 7KH� 'HOI�'� SURJUDPPH� ZLOO� EH� XVHG� IRU� WKH� PRGHOOLQJ�

ZKLFK�LV�D FHOO�FHQWUHG�ILQLWH�GLIIHUHQFH�EDVHG�LQWHJUDWHG�IORZ�DQG�WUDQVSRUW�PRGHOOLQJ�

SURJUDPPH�RI�'HOWDUHV�IRU�WKH�PDULQH�HQYLURQPHQW�

��� 6WDWHPHQW�RI�WKH�3UREOHP

7KH�*DDGKRR�.RD�DWROO�SDVV�VHSDUDWLQJ�+XOKXOp�DQG�0DOp�,VODQG�LQ�0DOGLYHV�

LV�WKH�PDLQ�VKLSSLQJ�ODQH�IRU�0DOp�SRUW��7KH�FKDQQHO�H[SHULHQFHV�VWURQJ�WLGDO�IORZ�DQG�

UHFHLYHV� VWURQJ� VZHOOV� IURP� WKH� VRXWKHDVW� �6(� GLUHFWLRQ�� ,Q� SDUWLFXODU�� WKH� ZDYH�

FRQGLWLRQV�RQ�WKH�6(�UHHI�FRUQHU�RI�0DOp��ZKLFK�LV�D�SURPLQHQW�VXUI�VSRW��DQG�RQ�WKH�

VRXWKHUQ�WLS�RI�+XOKXOp�,VODQG�DUH�SDUWLFXODUO\�VWURQJ��5HFHQWO\ D�PHJD�LQIUDVWUXFWXUH�

SURMHFW�ZDV XQGHUWDNHQ�LQ�WKH�DUHD��ZKLFK�LQYROYHG WKH�FRQVWUXFWLRQ�RI�DQ�RYHUZDWHU�

EULGJH�FRYHULQJ�DQ�RYHUZDWHU� OHQJWK�RI����� NP��7KHUH�LV�D�FRQFHUQ�WKDW� WKH�EULGJH�

PD\�LPSDFW�WKH�FXUUHQWV�DQG�ZDYH�FRQGLWLRQV�DFURVV�WKH�DWROO�SDVV��6RPH�VWXGLHV��*XR�

HW� DO��� ����� KDV� VKRZQ� WKDW� WKH� K\GURG\QDPLFV� RI� RYHUZDWHU� EULGJHV� KDV� FDXVHG�

QRWDEOH�FKDQJHV�LQ�WKH�IORZ�ILHOGV�RYHU�D�GRPDLQ�WKDW�FDQ�H[WHQG�DV�IDU�DV���NP�DORQJ�

EULGJH� VLWHV�� 7KHVH� FKDQJHV� ZHUH� PRVW� SURPLQHQW� LQ� WKH� YLFLQLW\� RI� EULGJH� SLHUV��

+RZHYHU� WKHVH�VWXGLHV�ZHUH�FRQGXFWHG�WR�PRGHO�LPSDFW�RI�ZDWHU�FURVVLQJ�EULGHV�LQ�

ED\V�RU�ULYHUV�DQG�WKHUH�LV�OLPLWHG�OLWHUDWXUH�RQ�WKH�HIIHFW�RI�RYHUZDWHU�EULGJHV�LQ�DWROO�

HQYLURQPHQWV��+HQFH��LW�LV�HVVHQWLDO�WR�SUHGLFW�SRWHQWLDO�K\GURG\QDPLF�FKDQJHV�LQ�RUGHU�
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WR�DVVHVV�WKH�SK\VLFDO�LPSDFW�RI�WKH�RYHUZDWHU�EULGJH�RQ�WKH�IORZ�ILHOG�DORQJ�*DDGKRR�

.RD�

��� 5HVHDUFK�2EMHFWLYHV

7KH�REMHFWLYHV�RI�WKH�UHVHDUFK�DUH�

�D� 7R�GHYHORS�D�QXPHULFDO�PRGHO�WR�VLPXODWH�WKH�K\GURG\QDPLFV�RI�*DDGKRR�.RD

UHJLRQ��0DOGLYHV�

�E� 7R�DVVHVV�WKH�K\GURG\QDPLF�LPSDFW�RI�VHD�FURVVLQJ�EULGJH�DFURVV�WKH�FKDQQHO�

��� 5HVHDUFK�6FRSH

7KLV�VWXG\�ZLOO�LQYROYH�EXLOGLQJ�D�WZR�GLPHQVLRQDO�K\GURG\QDPLF�PRGHO�IRU�

WKH�*DDGKRR�.RD UHJLRQ�SDVVLQJ�EHWZHHQ�0DOp�DQG�+XOKXOp�LVODQG�ZKLFK�FRPSULVHV�

JHQWOH�UHHI�VORSHV�RQ�HLWKHU�VLGH�RI�D�GHHS�RFHDQLF�FKDQQHO��2QO\�WKH�IORZ�PRGXOH�RI�

WKH� PRGHO� SURJUDPPH�� ZKLFK� IRFXVHV� RQ� XQVWHDG\� IORZV� GXH� WR� WLGDO� DQG�

PHWHRURORJLFDO�IRUFHV��ZLOO�EH�FRQVLGHUHG�LQ�WKLV�VWXG\��0RGHO�ZLOO EH�FDOLEUDWHG�RQO\�

EDVHG�RQ�ZDWHU�OHYHO�GDWD�UHFRUGHG�DW�WKH�+XOKXOp WLGH�VWDWLRQ��$IWHU�VHWWLQJ�XS�PRGHO��

VLPXODWLRQV�ZLOO�EH�UXQ�WR�DVVHVV�WKH�K\GURG\QDPLF�LPSDFWV�LQ�UHODWLRQ�WR�FXUUHQW�DQG�

WLGDO�IORZV�RI�D�VHD�FURVVLQJ�EULGJH�DFURVV�WKH�FKDQQHO� 7KH�ZDYH�DQG�PRUSKRORJLFDO�

FRQGLWLRQV�ZLOO�QRW�EH�DVVHVVHG�LQ�WKLV�SURMHFW�
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%HOLEDVVDNLV��.��$���	�.DUDWKDQDVL��)��(����������0RGHOOLQJ�QHDUVKRUH�K\GURG\QDPLFV�

DQG� FLUFXODWLRQ� XQGHU� WKH� LPSDFW� RI� KLJK� ZDYHV� DW� WKH� FRDVW� RI 9DUNL]D� LQ�

6DURQLF�$WKHQV�*XOI��2FHDQRORJLD������������������

%2'&�� ��������*(%&2�'LJLWDO�$WODV��&HQWHQDU\�(GLWLRQ�RI� WKH� ,+2�,2&�*HQHUDO�

%DWK\PHWULF�&KDUW�RI�WKH�2FHDQV��1DWLRQDO�(QYLURQPHQW�5HVHDUFK�&RXQFLO�

&DOGZHOO�� 3���0HUULILHOG��0���	� 7KRPSVRQ�� 3�� �������� 6HD� OHYHO�PHDVXUHG� E\� WLGH�

JDXJHV�IURP�WKH�JOREDO�RFHDQV�WKH�-RLQW�$UFKLYH�IRU�6HD�/HYHO�KROGLQJV��1&(,�

$FFHVVLRQ�����������9HUVLRQ������12$$�1DWO��&HQWHUV�(QYLURQ��,QIRUPDWLRQ��

'DWDVHW��

&6(7��	�&'(�� ��������(QYLURQPHQW� LPSDFW�DVVHVVPHQW� IRU� WKH�SURSRVHG�+XOKXOH�

0DOp�EULGJH�SURMHFW��5HWULHYHG�IURP�0DOGLYHV��

&863����������3UH�IHDVLELOLW\�UHSRUW�RQ�6FRWWLVK�6XSSRUW�IRU�0DOGLYHV�0DULQH�(QHUJ\�

,PSOHPHQWDWLRQ��5HWULHYHG�IURP�$EHUGHHQ��6FRWODQG��

'HOWDUHV�� ��������'HOIW�'�)/2:�6LPXODWLRQ� RI�0XOWL�'LPHQVLRQDO�+\GURG\QDPLF�

)ORZV� DQG� 7UDQVSRUW� 3KHQRPHQD� ,QFOXGLQJ� 6HGLPHQWV�� 8VHU� 0DQXDO�� ,Q��

'HOWDUHV��7KH�1HWKHUODQGV�

(JEHUW��*��'���	�(URIHHYD�� 6��<�� �������� (IILFLHQW� LQYHUVH�PRGHOLQJ� RI� EDURWURSLF�

RFHDQ�WLGHV��-RXUQDO�RI�$WPRVSKHULF�DQG�2FHDQLF�7HFKQRORJ\� ����������������

*XR��;��)���&KHQ��&��+���7DQJ��-��-���	�*XR��=��+����������1XPHULFDO�VLPXODWLRQ�VWXG\�

RI�K\GURG\QDPLF�,PSDFW�RI�VHD�FURVVLQJ�EULGJH��-RXUQDO�RI�0DULQH�6FLHQFH�DQG�

7HFKQRORJ\������������������

+HUYRXHW�� -��0�� �������� 7(/(0$&�PRGHOOLQJ� V\VWHP�� DQ� RYHUYLHZ��+\GURORJLFDO�

SURFHVVHV���������������������

,QGLND�� .��� :LMHUDWKQH�� (��� )HUQDQGR�� *��� 	� +HWWLDUDFKFKL�� 6�� �������� 6HD� /HYHO�

9DULDELOLW\�LQ�WKH�(DVW�&RDVW�RI�0DOH��0DOGLYHV��

.HQFK��3��6���%UDQGHU��5��:���3DUQHOO��.��(���	�0F/HDQ��5��)����������:DYH�HQHUJ\�

JUDGLHQWV� DFURVV� D�0DOGLYLDQ� DWROO�� ,PSOLFDWLRQV� IRU� LVODQG� JHRPRUSKRORJ\��

*HRPRUSKRORJ\�����������������

.HQFK��3��6���0F/HDQ��5��)���%UDQGHU��5��:���1LFKRO��6��/���6PLWKHUV��6��*���)RUG��0��

5���3DUQHOO��.��(���	�$VODP��0����������*HRORJLFDO�HIIHFWV�RI�WVXQDPL�RQ�PLG�
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RFHDQ� DWROO� LVODQGV�� WKH� 0DOGLYHV� EHIRUH� DQG� DIWHU� WKH� 6XPDWUDQ� WVXQDPL��

*HRORJ\������������������

.UXLMVHQ��-�+���-RDQQHNH��+�-���2ZHQ��$��DQG�7XUQHU��1���������0D\��7KH�SRWHQWLDO�RI�

0DULQH� (QHUJ\� LQ� WKH�0DOGLYHV�� ,Q 3URFHHGLQJV� RI� WKH�:RUOG� &RQJUHVV� RQ�

:DWHU��&OLPDWH�DQG�(QHUJ\��'XEOLQ��,UHODQG �SS���������

.XPDU��6��6���	�%DODML��5�� ��������7LGDO�+\GURG\QDPLFV� DORQJ�*XOI�RI�.KDPEKDW��

:HVW�&RDVW�RI�,QGLD��$TXDWLF�3URFHGLD������������

/L�� 3��� /L�� *��� 4LDR�� /��� &KHQ�� ;��� 6KL�� -��� *DR�� )���:DQJ�� 1��� 	� <XH�� 6�� ��������

0RGHOLQJ�WKH�WLGDO�G\QDPLF�FKDQJHV�LQGXFHG�E\ WKH�EULGJH�LQ�-LDR]KRX�%D\��

4LQJGDR��&KLQD��&RQWLQHQWDO�6KHOI�5HVHDUFK�������������

0(&�� �������� 0DOGLYHV�� 6WDWH� RI� WKH� (QYLURQPHQW� ������ 0DOH¶�� 0LQLVWU\� RI�

(QYLURQPHQW�DQG�&RQVWUXFWLRQ�

0((����������0DOGLYHV��6WDWH�RI�WKH�(QYLURQPHQW�������0DOH¶��0DOGLYHV�

0+$+(�� ��������)LUVW�1DWLRQDO�&RPPXQLFDWLRQ�2I�7KH�5HSXEOLF�2I�0DOGLYHV�7R�

7KH� 8QLWHG� 1DWLRQV� )UDPHZRUN� &RQYHQWLRQ� 2Q� &OLPDWH� &KDQJH�� 0DOH¶�� ��

5HWULHYHG�IURP�0DOH¶��0DOGLYHV��

1DVHHU��$�� ��������7KH� LQWHJUDWHG�JURZWK� UHVSRQVH� RI� FRUDO� UHHIV� WR� HQYLURQPHQWDO�

IRUFLQJ��0RUSKRPHWULF�DQDO\VLV�RI�FRUDO�UHHIV�RI�WKH�0DOGLYHV��

3DQJ��4���=KXDQJ��;���+XDQJ��=���	�6XQ��-����������6WXG\�RQ�QXPHULFDO�VLPXODWLRQ�RI�

K\GURG\QDPLF�FRQGLWLRQV�LQIOXHQFHG�E\�SLHU�LQ�VHD��-RXUQDO�RI�:DWHUZD\�DQG�

+DUERU����������

3XQ��.��/���	�/DZ��6����������(IIHFWV�RI�EULGJH�SLHU�IULFWLRQ�RQ�IORZ�UHGXFWLRQ� LQ�D�

QDYLJDWLRQ� FKDQQHO�� -RXUQDO� RI�:DWHU�5HVRXUFH� DQG�+\GUDXOLF�(QJLQHHULQJ��

�����������

6HHQDWK��$���:LOVRQ��0���	�0LOOHU��.����������+\GURG\QDPLF�YHUVXV�*,6�PRGHOOLQJ�

IRU�FRDVWDO�IORRG�YXOQHUDELOLW\�DVVHVVPHQW��:KLFK�LV�EHWWHU�IRU�JXLGLQJ�FRDVWDO�

PDQDJHPHQW"�2FHDQ�	�&RDVWDO�0DQDJHPHQW���������������

6WRUOD]]L��&���(OLDV��(���)LHOG��0���	�3UHVWR��0�� ��������1XPHULFDO�PRGHOLQJ�RI� WKH�

LPSDFW�RI� VHD�OHYHO� ULVH� RQ� IULQJLQJ� FRUDO� UHHI�K\GURG\QDPLFV� DQG� VHGLPHQW�

WUDQVSRUW��&RUDO�5HHIV����������������

6\PRQGV�� $�� 0��� 9LMYHUEHUJ�� 7��� 3RVW�� 6��� YDQ� GHU� 6SHN�� %��-��� +HQURWWH�� -��� 	�

6RNROHZLF]�� 0�� �������� &RPSDULVRQ� EHWZHHQ� 0,.(��� )0�� 'HOIW�'� DQG�

'HOIW�'�)0�IORZ�PRGHOV�RI�:HVWHUQ�3RUW�%D\��$XVWUDOLD��&RDVWDO�(QJLQHHULQJ�

3URFHHGLQJV�������������
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7UXMLOOR��$��3���	�7KXUPDQ��+��9����������(VVHQWLDOV�RI�RFHDQRJUDSK\��3UHQWLFH�+DOO�

81'3�� ��������'HYHORSLQJ� D�'LVDVWHU�5LVN�3URILOH� IRU�0DOGLYHV��0DOH
��0DOGLYHV��

81'3�

:HL��+���*DR��/��+���&KHQ��+��4���	�/L��-��)����������+\GURG\QDPLF�6LPXODWLRQ�RI�

:HL<L�%ULGJH�LQ�/LX=KRX�&LW\��*XDQJ[L�3URYLQFH��&KLQD��3DSHU�SUHVHQWHG�DW�

WKH�$GYDQFHG�0DWHULDOV�5HVHDUFK�

:LOOLDPV�� -�� -��� 	� (VWHYHV�� /�� 6�� �������� *XLGDQFH� RQ� 6HWXS�� &DOLEUDWLRQ�� DQG�

9DOLGDWLRQ�RI�+\GURG\QDPLF��:DYH��DQG�6HGLPHQW�0RGHOV�IRU�6KHOI�6HDV�DQG�

(VWXDULHV��$GYDQFHV�LQ�&LYLO�(QJLQHHULQJ��������

<RXQJ�� ,�� ��������6HDVRQDO�YDULDELOLW\�RI� WKH� JOREDO�RFHDQ�ZLQG�DQG�ZDYH�FOLPDWH��

,QWHUQDWLRQDO�-RXUQDO�RI�&OLPDWRORJ\������������������

=KDR��.���4LDR��/���6KL��-���+H��6���/L��*���	�<LQ��3����������(YROXWLRQ�RI�VHGLPHQWDU\�

G\QDPLF�HQYLURQPHQW�LQ�WKH�ZHVWHUQ�-LDR]KRX�%D\��4LQJGDR��&KLQD�LQ�WKH�ODVW�

���\HDUV��(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH����������������




