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Abstract  
This study is an independent and a comparative research concerning the accuracy, capability and suitability of three well-
known packages of ISIS, MIKE11 and HEC-RAS as hydraulic river modeling software packages for modeling the flow 
through bridges. The research project was designed to assess the ability of each software package to model the flow through 
bridge structures. It was carried out using the data taken from experiments completed by a 22-meter laboratory flume at the 
University of Birmingham. The flume has a compound cross section containing a main channel and two flood plains on either 
side. For this study a smooth main channel and a smooth floodplain have been assumed. Two types of bridges are modeled in 
this research; a multiple opening semi-circular arch bridge and a single opening straight deck bridge. For each bridge, two 
different simulations were carried out using two different upstream boundaries as low flow and high flow simulations. 
According to the results, all three packages were able to model arch and US BPR bridges but in some cases they presented 
different results. The highest water elevation upstream the bridge (maximum afflux) was the main parameter to be compared 
to the measured values. ISIS and HEC-RAS (especially HEC-RAS) seem to be more efficient to model arch bridge. 
However, in some cases, MIKE 11 produced considerably higher results than those of the other two packages. To model 
USBPR bridge, all three packages produced reasonable results. However, the results by HEC-RAS are the best when the 
outputs are compared to the experimental data. 
 
Keywords: Flow Modeling, Under Bridge Flow, Software Packages, Hydrodynamic Modeling, Bridge, 
 ISIS, MIKE11, HEC-RAS. 
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F4 �< 0;:
h:���<� ���" 1����1(k:���<� ���" 0��� g'����� h*���
1����1(

a1:O�3� h*�
 �J�@ A 1)�?<P�� G�BU� �< (a2:h*��
 O��3� �
J@ A1�$�� �<�J� GBU� �< )��A1*0�� )��: 0�� 0�3�=<�� W��:

���; 5���" F�9�=����?V�$���� ((g:0����r�A ������� )m/s2x[/|((
VB:�$� �<�J� GBU� �< ):�? 6�Q3��� (AB:F��*�A G�BU� RB?

 �$� �<�J� GBU� �< (A4:)�?< 6�*��" GBU� �< F�*�A GBU� RB? 
�A1:�; GBU� RB? 1P�� G�BU� �< F�*�A )�?< )�?� ��$�U� 0�;

 �<� �" �� 5!�.11� �� �< 2�3 �� <����.&��9�.� F��*�A12*���? 
P�� �� �$����'�! �< � 0���Q3 ���^ �/3$� )&�. 6*� �< 5" 10�; 

����
� 6� D10�� g'���� $�.�� d�* 0�; )�?� E�P $���� V;��. 
M$� ��?�2*��? ))?� <'A'� ��2�� E�3 �< 0; (0�� 5�" #���'�� 0�

�<�2�� M$�<<�� ]a�[.

��E���	� ?�' � *�� �:�� MIKE11 
��2�� E�3MIKE11 � +?'� 0; s$��&'� Y���93�< d�&��$��H 0��?

 )?� �$�(0���. ��2��� E��3 d�* G^�� �< ���?$ �� 10�@�� )��A 
��?�(F�*�A 0�3�=<�� (��@��� �< �'?� M�U�3� � �4 )���; � ��H

M�3�; �H�����4 �)?� .��2�� E�3 6*��?�?� 0�@�� )��A ��2��� d�*
��?�w� d* $��.��Z �'/ � 0� 1V����? �< ��A� � )*�*$� (��H�

0��3�=<�� ��)���A �2��7� ��� 0��? F4 �< � )��?� �$���X�" � �<���? 
5��,� 0; �$� 0�@�� F�*�A ����; 1�� 0�>�� +*��� 0� � � ���34 $�3�'�

$*�93 ����3� �� ]aa[.#��@: ��� 0? 6*� ��� $3:
�y�� I����	=�� 

&<��� ��� 6*� �<0� 5��; 9$3����� �< 0; V� ��H���3 ������ 
� 2�3 �$ H<11� ���^ �<���?� <�'� $��� <��� .�� +*���� )�&�. 6�*�
 0�@� )�A ��?�F�*�A ��Q H1� )�?� G*��? #�����]� ����< 0; 

2�3��Q H 1)&�. 0� �A 2$�� � ��1�� 5����� )�?� V;��. $�*�93 .
@?�,� )&�. 6*� �< 6� X9H 0� g'��� #�3�}�9�"0�� �4 1��<�

�.��11� E�73� <��� .3���� ��� 6�*� �����3�10�; )�?� h�?� � 
*� #����]�� ?1�<��'�� �< 2�3 � )?� V�� F�I� � F��� �< F�*�A 

0�@� 0� ���3 0; ���?��A F��*�A 2$�� � ������� 6�� X9H � )�?� 
0��3�=<�� *���H1������ )�����U� � ���; h���� (�4 RB��? h���� 0��; 
dD'; $��� 1�]ap[.
���J�3� �'� ���)�$3'� k�"(

(��� 6*�0�@� ��?����3 (���� Y�IB!� 0� g'��� �� 0�r�A 
I�&��$�H F�*<��� 5��':1���? 0�@� �� V� 9� 0&<��� �< �1�� $� ; .

�< ��� 6*�(�" #��f� �<�1�42�30�@� ��?�1�<'�� ������; 
���A�<��< <�'� �� )?< 6�*�" +*��� �� ?���1$�H< ���^ .��734 ��

 0; � 5��': �� ��� 6*�* ?�1�'" VJD 1(�<�; 1� �L& )��A $3�'�
 �" 5��,� �<�1$��� h?� � �4 .6� X9H <��'� �<��H���3 0; �

� $ ��H V�� ���� )���U� 0� g'���*��&�. �< 1����4 ��J��3� 0; 1
1� \���� 5�? �'� �� $����1�?� *� #����]� �� F�'�1JDV�'"1

<�;(� h?� � 1$���.
�� y�� I��=-��3	 

��� 6*�(6��� M<���� W��� e��?� ��� �� F��*�A #�@�?�,� 
���H���3�1��� E���73� 0���r�A � Y�IB��!� $��H< .������ ��� 6��*�
03�=<�� �H��<� �" #��f� F�$� <�*� h�� �� 1)�?� h?� � �4 

0�@� 0� �<�^ 0; ��D ���?���" #���f� ��<�11�93 �4 $����]ap[.
I��� *<��$��H k��1MIKE11[0�; F4 �< I���� *< �'�� ��� 1

$��� �$� ����3�(&<��� 0Q�?'�" � V� 9� 1)#P<���6?�F�3 (��
���
�� M�9:� ��1� 5. 1$ �.��� e��?� ��� #P<���� 6�*� 5. 
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R*�! <�$,� 5� E�73�1<'�.
��������?'^ 5��" �< F���*�A #�@��?�,� 1�< ��� �< MIKE11 
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F4 �< 0;:
k*:��<� ��" h*�
 1���1(VN2:):��? +�?'�� RB�? �< 

M���3 T9: �< 5" GBU� (AN2 : T�9: )�&�. �< F��*�A G�BU� RB?
M�����3 (A1:G��BU� �< F���*�A G��BU� RB��?[)5��" )��?<P��((

A4:RB? G�BU� �< F��*�A GBU� l)5�" )�?< 6�*��"((g:�����
0���r�A)m/s2x[/|((a1:):���? G��*�'� h*���
 �a2:h*���
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�&�. ����13�H< �U? )9�^ �� F�*�A RB? 0; 0e��9� �< 5" 
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1�� ����^ �<����?� <�'� 5" �*� �< F�*�A 0@?�,� )�A �� $�H< 0�� 
� #�:	Z��� �< ��J*�< <�'� 6GA�� o)?� <'A'� .
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*��+���$� ���� ���$3� �*<�U� �� 0�*�U� �< �4 RB? S����� �� 0B��� �< �H��2�� E�3 �� �* �H �� 5!�. �*��3)? 0�@�V� F�*�A 1�< � 1?'^ 5" �� ���(

��5	�)���(S�	�'ISIS  )���(S�	�'MIKE 11  )���(S�	�'HEC-RAS )���((&��'����	�� (�� %��@ )���(
�a�a./y��./pav./-
aaz�./y��./pav./-
pazz./y��./pav./-
vaz�./y��./pap./-
yazy./y��./pap./-
~azv./y��./pap./-
�azp./y��./pap./pa�./
~/�azv./y��./pap./paz./

�azy./y��./pap./pp./
v�/�azy./y��./az~./-
yv/�a�a./y��./az./-
za�a./a�./azv./-
~/za�./a~�./aza./-

�a�./a~�./az./-
a� a�z./a~�./a�z./-
aa a��./a~�./a��./-
ap a�y./a~z./a��./-
av a�p./a~z./a�~./-
ay a�./a~z./a��./-
a~ a~z./a~z./a�z./-

*��+E��$� ���� ���$3� �*<�U� �� 0�*�U� �< �4 RB? S����� �� 0B��� �< �H��2�� E�3 �� �* �H �� 5!�. �*��3)<�*� F�*�A 1�< � 1?'^ 5" �� ���? 0�@�(

��5	�)���(S�	�'ISIS  )���(S�	�'MIKE 11  )���(S�	�'HEC-RAS )���((�� %��@ (&��'����	�� )���(

�pav./�vv./p~v./-
apav./�vv./p~v./-
ppav./�vv./p~v./-
vpav./�vv./p~v./-
ypav./�vv./p~v./-
~pav./�vv./p~v./-
�pav./�vv./p~v./p�~./
~/�pay./�vv./p~v./p�~./

�pay./�vv./p~v./p�z./
v�/�pay./�vv./pay./-
yv/�azy./�vv./p��./-
zazv./a�v./a�~./-
~/zazv./a�p./a�v./-

�azv./a�p./a�v./-
a� aza./a�p./a�a./-
aa a��./a�p./az�./-
ap a��./a�p./azz./-
av a�~./a�p./az�./-
ay a�v./a�p./az~./-
a~ a�a./a�a./az./-
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*��+F��4 RB? S�����0�@� � �$� ���?���$3� �$� ���� M$� �<V� F�*�A 1�< � ��< 0��: V�U��� 5" �� 
��5	�)���(S�	�'ISIS  )���(S�	�'MIKE 11  )���(S�	�'HEC-RAS )���((�� %��@ (&��'����	�� )���(
�pvy./a��./pay./pa�./
apvy./a��./pay./pa�./
ppvy./a��./pav./paz./
vpvy./a��./pav./paz./
ypvy./a��./pav./paz./
~pvy./a��./pav./pa�./
�pvy./a��./pav./pa�./
~/�pvy./a��./pav./pa�./

�pvy./a��./pav./pa./
v�/�a�a./a�./az./-
yv/�a�a./a�./azp./-
za�./a�./azp./-
~/za�./a~�./azp./-

�a�z./a~�./aza./a�v./
a� a��./a~�./az./a�p./
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E'��� �4 V7. 3�$ D 1���*��� 6�*� �L�& � <��$3 1��*�U� ��� +�U� 0
<��� F�*�A�A��= �1�0���� E�73)?�C��Q*< #���@: 0� (��< 1

< F�*�A �< �� M�� GBU� RB? �1RB? �< F�*�A �*��3 GBU1����� 
0�@� �H ��?�0�*�U� )?� �$� .7��30��*��� 6*� 1��H 0; <�< F�J3 
E�3 0? �<��; 59: �'= ����� <�'� 6*� �< ��2�� ���< 1<��� �0�� 
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0�@� �<<�*� F�*�A 1�< � ��< 0��: V�U��� 5" �� ���? 

�< ��34 �� �$� L=� 1=�� <��'� �� 05���^ �'�Z 0�/.	� ��#������
<'�.5" )?< P�� �< �$� 0@?�,� �4 S����� 6*��P�� 3 ��):�? 2

0��Z'���F�'�� : 0��� ���!� 11*���H������" 6*���� �*����3 �< 0��; �<'��� 
E�3 �H��2���� #����� ����� 1$��� .M�$A �< �*<�U� 6*��F�J3 

)?� �$� �<�< .F�9H �< 0�; �'�Z 6�*� 1�� �$H�J�� M�$�A �< <'��
 ?'^ 5" <�'�1+?'� �$� 0%��� �*��3 HEC-RAS �< ��� 0�*�U� �< 

���$3� �*<�U� 0� �Q*< ��2�� E�3 �����4 �< �$� d�*<23 ��QJ�*�� ���
 )�?� .�*����3MIKE110��/.	� 5����^ ��$��U� 0��� <�'��� 6��*� �< ��

���$�3� �*<��U� 2�3 � �Q*< ��2�� E�3 �< �� ��P�� ������ )�?� �$�� 
� �$� 0%��� �*��3 00��?�ISIS;$3� 16�*�" ���$�3� �*<�U� �� �� �����
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*��+T�0�@� �< 5" )?<P�� �< F4 0� g'��� ):�? � S����� ���� $. �$� E�73� ���*��? 

 ��f )C 	� %&	� ��c� )C 	� %&	� ��c��� ���D #���$� 

l	g3�)���(�D��)�������'	^(l	g3�)���(�D��)��� �� ��'	^( �:�� ?�' 

V� 1�< <�*� 1�< V� 1�< <�*� 1�< V� 1�< <�*� 1�< V� 1�< <�*� 1�< 
ISIS a�a/�pay/�aa/�a�/�pvy/�va�/��z�/�a/�

HEC-RAS pav/�p~v/����/�av/�pay/�p~y/����/�av/�
MIKE11 y��/��vv/��y/�y��/�a��/�pav/�ap/�a�/�

*<�U����$3� ��$� ���� pa�/�p��/���v/�ap/�pa�/�p��/���v/�ap~/�

?'^ 5" �I: �� 5" S'3 6*�1� �$� 0%��� �*��3 0���?�0MIKE11 
;$3�16�*�" ���$3� �*<�U� �� �� ����)�?� �$� (&��. �< 1�*���3 0�; 

+?'� �$� 0%���ISIS ��$U� �1� ��P�� $���.��/3 �� #$�� 3���� 1
)�A 0; � 6�=�?��A���< M$� �H�*�� ���2��� E��3 0�? �!N�

)��?� �$��� (��*��$��2���� E���3 �< 0��; )���� ISIS �HEC-RAS �< 
�� 0�*�U�MIKE11 ���9; F��� �0�@�� � 0����< E�P ���?�����0

�.��1E�73� $3<�< &�. �< 1���� 0; ��A� � F<�; 9���50�@� ���?�
��MIKE11 F��� ���J�� �	��<'� ���3 �0�@� ����?���$�*�" �

<��� E�73�.E�3 6*� �� F<�;��; ���H�B= E���" )��*�< 5�&< 0� ��2��
 )��< 13����� #���� � )^< 0� ���3 1"��" .�*&��. �< 610�� )�?� 

���@^ 0��7� F�21���� ��2��� E��3 0�? �H �� ��� #���� ���$�3��Q3 
�U�*)?� �<'� 0��J� �@ .����*�3�'� �/3 ����I����� 12��3 MIKE11 

RB?�� �� �$� <�7*� 5" GBU '! 0I����� #�1�93 k*��93 1$�H<(
&�. �<1�� 59: 6*� �Q*< ��2�� E�3 �< 0; �1� E�73 8�!'��= � $ H<

HEC-RAS *���3�'� �� 0�� ��� 6��*� �< 1\'��� �<����&� ����<�'��=�� 
�1$���.� �/3 0� 1$?� �� 1J�� ��3 N	�=� )�:*0� �H��2�� E�3 �
&<������ 5���@?�,� 1������� 1�� ���34 �< 0�� )�?� 00����� ����
�1���9�^ �< 0� <'���@^ 1J��� � $� ����� 0&�U� 13��)��: 0�� 2

)&'�?*��'�< ��()=��? �< ��2��� E��3 �� ��� 17 �?�� ���A� ��
M$�1�$��� � �< 0� *��B= )?� 6�9� )&�. 61*���3 0�� �*���3 1*
=��1E�3 9,� �H��2���<'� 5.

F��8��'��@ %
E�3 0? T�U,� 6*� �< $� 0�=� � ��2���I�&��$�H 1#��@: 0; ��� $�3

ISIS (HEC-RAS �MIKE11 0�@��� )���A ����?�w� d��* $����
���" �*� �< F�*�A�?'^ 1V�U��� �0��: ��< ���*��� <�'��1����^ 

)��� .+*���� F�'� : 0�� F��*�A #����� ��$U� �< 5" �H <�'� �<
����)?<P�� )��� ��; 0�.T��U,� �� 5�!�. �*���3 0�� 0�A'� ��� 
1� )�� F�'�:

a�E��3 0? �H $ D �H 0�@�� )��A E�P #��3�I�� ��2��� ���?�
��< �� 5" S'3 �< �H �*� �< F�*�A($3 &�1������� �*���3 1F�J�3 �� 

�<�< $3�.
p�E��3 6*� +?'� �$� 0%��� �*��3 0�*�U� �� �*<��U� ��� ��H��2��
���$3� ����*�� �$� $; )�� 0�@� )�A 05�" ��*� �< F��*�A ����?
?'^(1HEC-RAS �ISIS)8�!'�=HEC-RAS (*�3�'�1)^< �

��J����<�< F�J�3 �� $�3�C�&� 1�*���3 MIKE11 <��*� 0��!�� ���� 
�^�� �*��31<��< .

v�0�@� �� 0B��� �< ��?�V�U���� 5�" �*� �< F�*�A 0���: ��< 
E�3 0? �H &'U�� �*��3 ��2��1�<�< 0%��� $3�(5�!�. �*���3 0; $ D �H 

��HEC-RAS �*<��U� 0�� h���� 0� �Q*< ��2�� E�3 �< �� 0�*�U� �< 
���$3� �$� ����d*<23 )?� ��.
y����.�� (�*����3 )��^< 0��� 0��A'� ���� 1*���3�'� 2���3 � �<�����?� 1
I�����1,� �< �* U,� 6��T$�� ��J�� 0�� HEC-RAS E��3 ��2���
h?� � �����? 0�@� )�A�� �< F�*�A � 5" �*1$��� .
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