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1. Simply supported 
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3. Oblique 
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4. Neoperan 

5. Piezoelectric Accelerometers 
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 ��%1. -��� 	P�� v4"��H , -O:�4� !�+� )���� �(� �'!�"�  (6
�]14[  

  
Fig. 1. The deck cross section of the bridge under study  (The unit of values is meter) ]14[  

 
 	!
,1. �0�
 ?�j[�� �
��2 +'�� �H ,�]14[  

ρx 

 (
��

��� ) 
Ex  

(pa) 

Ax  

(��) 
Jx 

 (�	) 

Ix,v 

 (�	) 
Ix,h 

 (�	) 
Kv,st 

(

��� ) 

Kv,dyn 

(

��� ) 

ad2m  

(��
��� ) 

ad1m  

(��
��� ) 

plate ρ

)
��

���(  
plateµ  plateE 

)pa(  
2500 4.6E10 0.5355  8.467 E-3 0.0428 0.088 1.4E9 7 E8 1015 232 2500 0.2 3.99E10

Table 1. Specifications of structures Arroyo Bracea Bridge [14] 
 

 ��%2. `�(� ,�7F���W 67OW+�I�
 �H -��� ,�� ��]14[  

  
Fig. 2. Location of accelerometers on the bridge deck [14] 

 

 	!
,2 .�0�
 @�!+� �7.>= 0� 	��  ���� 6
! -2 k ���8 �'!�"�	 ��7� 6��!�2 � ,!�� @�� L�� �! -2 �H ,  

Modal No.  
Analysis  1  2  3  

num (Hz)f umericalN  9.30 10.80 13.11 

exp (Hz)f ield testF  9.25  10.63  12.75  
Table 2. Frequency values obtained from modal analysis of bridge structure by two methods of numerical model and field test 

  

 	!
,3.  I'�(  0� �$�� �H 	�7���'! ,���(����H�0�
 �7.>= L�� �! -2 �H ,@��  ��4W �+1� 0� 	��  	 ��7� 6��!�2 � ,!��S103  
Dynamic parameters 

 

 Analysis  
�	 

(� ��� ) 
�
 

(� ��� ) 
�� 

(� ��� ) 
��� 

(� ��� ) 
��� 

(∗ ���	�) 

Numerical  1.62 1.77 1.19 0.42  1.08  
Field test  0.889  1.04  1.02  0.29  1.12  

Table 3. Results of bridge dynamic parameters obtained from structural analysis of the bridge by two methods: numerical model and 

field perception due to S103 train crossing 
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1. Andersson and Karoumi 

2. Genetic Algorithm 

3. Population 

4. Random 
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5. Symbols 

6. Population size 

7. Fitness Function 

8. Penalty parameters 
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1. Mean Squared Error 

2. Generation 
3. Tournament selection 

4. Roulette wheel selection 

5. Generation gap 

6. Offspring 
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Fig. 3. Show the process of crossover and mutation in 

the creation of the offspring genome of the parent 
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7. Crossover 

8. Mutation 
9. Intensify 

10 .Diversify 

11. Best Solution 
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 ��%4 . �2 	�(1� ,!�
��7H K('�+%:� ,��/� � ��GP  

Start Initial data
Evaluation by 

Obj.

Parents 

selection
Offsprint

New pop.Solutions
Stop 

criteria

Final

solution

Reco.

Mut.

Yes

No

  
Fig .4. The process of GP algorithm proposed 

  

 ����4 . K('�+%:� ?�j[��GP ,!�� @�� �2 X
��(�  

Variables No.  Pop. size  Tree length  Iteration  Run time (s)  
8  70  9  100  49  

Table 4. The specifications of the GP algorithm fit the numerical model 
  

 	!
,5.  �'!�"�,!�
��7H K('�+%:� ,��2 ,!�� L�� �"(B� ,���7b(�  

Var. Quantity  Avg. SD 
Range of 

value 

Error 

percent  Ref.  

Eplate ∗ 10%&' 3988.95  39.07  3921-4059 2.67 ]23[  

ρplate 
()

*+�  2498.19  33.29  2445-2555  2.2  ]24[  

mad1 ()
*��  231.97  3.65  226-238  2.2  ]24[  

mad2 ()
*��  1015.09  13.41  992-1038  2.2  ]24[  

Ix,h ∗ 10�,*- 8799.98  49.86  8717-8888  1  ]25[  

Ix,v ∗ 10�.*- 42805.92  244.58  42372-43228  1  ]25[  

Ex ∗ 10%*- 4598.08  46.1  4520-4680  2.67  ]23[  

Ax ∗ 10�-*- 5354.92  31.16  5301-5409  1  ]25[  

Table 5. Values of independent variables of numerical method for the proposed algorithm 

  

 	!
,6. �!�! ��
� �2 ,!�
��7H K('�+%:� ,��2 ��� �77O= -(B2�� ,���7b(� �'!�"�	=�<7
N= ,�45 � 	��%�'��0� ,��  

Var. Quantity  Avg. SD 
Range of 

value  
Error 

percent  Ref.  

The 

frequency 

of the 1irst 5 

modes 

/� ∗ 10� 01 924.944  0.817  924-926  0.01 ±  ]26[  

/� ∗ 10� 01 1062.98  0.814  1062-1064  0.01 ±  ]26[  

/� ∗ 10� 01 1275.004  0.813  1274-1276  0.01 ±  ]26[  

/	 ∗ 10� 01 1792.025  0.816  1791-1793  0.01 ±  ]26[  

/
 ∗ 10� 01 2456.95  0.817  2456-2458  0.01 ±  ]26[  

Vertical 

acceleration

�	 ∗ 10- * 2��  8890.03  3.0999  8885-8895  0.56 %  ]27[  

�
 ∗ 10- * 2��  10400.282  17.548  10370-10429  0.56 %  ]27[  

�� ∗ 10- * 2��  10199.48  16.444  10171-10228  0.56 %  ]27[  

��� ∗ 10- * 2��  2899.94  1.404  289-1902  0.56 %  ]27[  

Relocation ��� ∗ 10�3 * 111996.90  16.654  111720-112280  0.56 %  ]28[  

Table 6. Values of dependent variables determined for the proposed algorithm based on laboratory data and equipment error 
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3-6- 78'0594� :;51 <��  

 -Y��� � 67O�/ �7:+= -5�p ��W+= 3�� �7��= �2 K('�+%:� �'�

	� �W+(� �� q
�H �,!�
��7H K('�+%:� �! �W+= 3�� .���

 ��7
�) {[�� ����= !��O= R' -2100 ,�45 -2 	2�7(
! � (

)MSE 0� �(�� (05/0  �+M�� -2 -� 6
� ��m -2 Z0l .6
�

 ��p �! K('�+%:� ��(2� �,!�
��7H K('�+%:� ,���(����H K7M�=

�!�! ,�� -.��� K7M�= 6'�
  �! � ��� ,��/� !+/+� ,��

 0� �(�� 	'�45 -2 �N�� -� 	'���(����H05/0 )MSE < 0.05 (

�� �,��2 6W! ��'��8 -��!� .68�F ���W -/+= !�+� 	�[2

 ��<7� �,!�
��7H K('�+%:� �! �'��2��2	%����� �O� -42�� 	8

�!�! �2 ��� 0� �(�� 	'�45 ,���! �	OW�� ,��05/0  �!+2 ���+5

 @��/ .!��! K('�+%:� X
��� ��7B2 6W! 0� ���  ��� �'� -�)4( 

	% +%p ��(����H K7M�= ,!�
��7H K('�+%:� ,�GP  �!�� -Y��� ��

 ��� .6
�)4(  ,!�
��7H K('�+%:� ,��/� ?��p+.8 � ��

 �2 	�(1�GP 	� ���  ��.��!  

  

4- ������� �	=*�  

4-1- �8*��� � )�8*� ��"��>8� ?��@1  

 ,!�
��7H K('�+%:�GP  ,���7b(� �72 	"4�� 	P�'� -42��

K� �2 �"(B� � -(B2��	� 	8�O� �� �45 �'�= .����'�2  ��+M��

 ,�45 �!��>� � �"(B� � -(B2�� ,���7b(� -� 6
� Z0l ��(2�

 �-(7B7(
l� @��� ,���(����H -� �/ �� 0� .!+� �77O= R' ��

 �'�
 � !��! 	
�
� ;"  �� 	�7���'! ��(8� �! �0�
 !�O2� � Z�/

�� 0� ���(����H	� �$�� ��B� ,0�B:�� �! �!+� �'� 0� �-.�

 .6
� ��� �!�#(
� �-.�B� �"(B� ,���7b(� ��+�� -2 ���(����H

;7H �"(B� ,���7b(� �'!�"� -� �'� -2 -/+= �22 s�8 ,��

 �� ,��2 ���(B� 	OW�� �'!�"� �2 JA(5� �' �45 ,���! �,!��

�0�2 ����7b(� 0� R' �45  JA(5� �'� .6
� ��� -(8�F �M  �!

	�45 0� 	��  � �+= -2 61B  �H 65�
 ���0 �! 	'��/� ,���

-�" Z��"� ?�7.�� ,��/� �	���E ,�� 0� 	��  �' ,0�


��
2 0� �$�� wA
(
�.���2 ,��!�2  �2�77O= ,!�� -���! 5�4 �

�!�! ��� �77O= ,�45 �0�2 �! �	OW�� <7  � �!�#(
� !�+� ,��

                                                                                                                                                            
1. chi-square 

	� K('�+%:� � !+2 ����+5 ��'!�"� -���! �'� �! � �+= `�+/

K� �+M�� -2 -� 6
� ��m -2 Z0l .�'��  -Y��� �� X
��� y4


�!�! �!+�  .6
� ��� �!�#(
� @���  v'0+= 0� ���  

 �M  !�+� �'!�"�@���/ )5  �6( �!  ���  �� ,!�� @�� �!

	�;��QH 0� ��7b(� �� ,��2 ��� s�8 ,�45 ��<7� .���! ,��

 ��� u5� C1=��6
� @���/ �! -� )5  �6( 6
� ������ �2�W. 

��� k ���8 0� �$�� ���� �77b= � `�(� �-7:�� ,!+� ,��

6��!�2 @��/ .��(B� -.�B� -(B2�� ,���7b(� 	 ��7� ,��)6( �

��%(
! ,�45 ��<7�	� ���  �� �!�#(
� !�+� ,�� -2��� .��!

�!�! ��"(B� ,���7b(� <7  -(B2�� ,���7b(� �2 C1=�� ,��! �

X:�W 	� ���W �!�#(
� !�+� K('�+%:� �! �@���  v'0+= �7F.�  -2

@��/ ,!��� ,���7b(� @A"(
� �7�o= � 	
��2 �+M�� )5 (

�! ,�� s�8 �+�0� 0� �,!�
��7H K('�+%:� -21  -� �� �!�#(
�

Z�  �! ,���� �7.>= ��<8�SPSS �!�7H ,0�
�� ,��/� 0� �O2 .

 ���"� ��+�0�valuep  �2 �2��2237/0 �� 0� ���"� �'� -� �N � 0� .

5  ���7�E� �2 �6
� �(�72 �$�!95 	� �$�! -� 6#F ��+=

���7b(�,!��� ,��(B� �"(B� � ]29[. 

 �-� 6
� ��m -2 Z0l�!�!��, :��7- �0�
�  � !�O2� ����

�o�� ?�j[��,  �0�
	�����2 �!�! ���, /��5	  ����

 k ���83 !+� ���, .>= �! �0�
 @��7� b= � @�!+�77� ���� 

�� `�(� �, .>= �! �H -���7� ��='-G[  ��0	 �( 'I � 

/��5	��, !�� @��, !+2 ����+5. �+M�� -2 �'��2��2 

0�B:���, y:�j� ?�j[�� ��(2��  � !�O2� ����� -2	% +%p 

�� ?l�j=���	� @���� � � �!+�����2 kr
, :����	  �0�
 -2

����2), 8�O� @�� -2 (�� 0 � �!��	 �	� +� . �!��'�H ��/� �2, 

,!�
��7H K('�+%:��(  �'I �(  �2 @�� 0� �$��'I ��!�2 ��� 6

�0�� � 0�F7�, �7 ���	 !�+� 
��2	 �"� �'-B � ���W	F7!�.  

  

4-2- ���(� ���A.B�3 78'0594�  

K('�+%:�  �2 	�(1� ,!�
��7HGP 	OW�� �'!�"� ��(2� �! �

 0� ;72 -� �"(B� ,���7b(�1000  68�'�! �� 6
� !�+��

	� @+E �2 	(5�! ��'��8 �2 	8!�j= 67O�/ R' !�N'� -2 � ���

{[��2 	� @��/) !0�!�H4 �%.�� 0� �K('�+%:� �'� �! .(

2. Max tree depth 
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»v�/ « �"(B� ,���7b(� 3�1=�� -/� ,��2,��2 2�� R' !�N'� -4

��� �!�#(
� �	P�'�  �2 67O�/ ��7� 0� `�[( � ��'��8 .6
�

	� Z�N � 6�� �+= L�� �2��2 	.B  �72 -.$�8 .!+�8/0  �M  �!

��� -(8�F  �'!�"� �2 	(:��H X'�P �! .6
�2/0  �30  �!

 ?�1
�>�K7M�= ��� .� �  

 ,���(����H �'�
 @��/)4(  -Y��� �� ,!�
��7H K('�+%:�

.6
� �!��  @��/)7(  � �"(B� ,���7b(� -2 3+2�� �'!�"�

q
�H �'�(
2 0� �$�� -(B2�� C2��� ����� -2 �� ,!�� @�� ,��

K('�+%:� 0� ���� 6
! -2 	P�'� ,!�
��7H	� ���  �.��! ����

- +F  @��/ �! -�)7( 	� ������!+� 	/��5 -2 -/+= �2 ,��

	P�'� C2��� �,!�
��7H K('�+%:� .>=7��  �!C2��� vW�� 45	 

 K('�+%:� I'�(  ��
��2 ?��1� -2 .��(B�GP 	P�'� C2��� �

� ��! �� �45 �'�(�� � L0��2 �'�(
2 �	45. 

�!�!��, :��7- �o�� ?�j[�� � !�O2� ���� �0�
, �0�
 

�!�! � �!+2��, /��5	  k ���8 ����3 !+� ���,  �0�
 @��

.>= �!7� b=   � @�!+�77� �� `�(� � ����,  �! �H -���

.>=7� ��='-G[  ��0	 �( 'I /��5 �	��, !�� @��, .��(B� 

�! @��0�
,  � !�O2� ����� -2 �� y:�j� ?�j[�� ��(2�

	% +%p �� ?l�j=�����2 kr
 � �� !��� ��, :����	  -2

����2) �0�
, 8�O� @�� -2 (�� 0 � �!��	 �	� +� �2 kr
 .

��/�, �(  �@��'I �(  �2 @�� 0� �$��'I  �0�� � 0� ��� 6��!�2

F7�, �7 ��	 
��2 !�+�	 �"� �'-B � ���W	F7!�.  

 ,���7b(� ,��2 ��� 	8�O� �'!�"� -� 6
� y7P+= -2 Z0l

 ,��/� 0� �$�� ��� 	8�O� X'�P ���"� `�P 0� �"(B�

 �! �7b(� �� s��#� ���"� �! -(B2�� �7b(� �� ,��2 K('�+%:�

 ,!�� @��6
�. K� �'!�"� -2 3+2�� ��� -Y��� XY��P �7�p

 �! ���7b(�X:�W 	� @���  v'0+=42��� �! .���2,�7b(� -� 	 

 �7% �7� �2��2 �7b(� �� ,��2 ��� 	8�O� ���"� �6
� ��� Ju�

 i�>: ���� �77O= �0�2 �! �7b(� ����� .6
�  

 ,��2 ,!�
��7H K('�+%:� ,��/� 0� �$�� I'�(  zA$� ��<7�

 �� 	 ��7� �'!�"� -2 61B  ,!�� @�����,�� )5  �=7 (���  

	� .���!��� �'� �! ����+(
 ,�� I'�(  -2 3+2�� 	���

6��!�2�+(
 � 6
� 	 ��7� ,��K� � n ��H ,�(B��5 ,�� -

 ,��/� 0� �O2 � �1W I'�(  -2 3+2�� X7=�= -2 n �%:�K('�+ 

 ,!�� @�� ,��26
�.  

�$�� I'�(   K('�+%:� ,��/� 0�GP 	� ��� ��! -�  L��

 �,!�
��7H`�(� �'!�"� zA$� �! 0� �$�� ���� �77b= � ��

;72 �7*�= �@������ .6
� -(��! ,�=- +F  ��� �! -�)5( 

	� ������k ���8 JA(5� ���"� �!+� 0� �$�� �0�
 ,��

 ,��2 @�!+� �7.>=3 % 0� X7=�= -2 �0�
 @�� !+�5/0  -2 �45

%43/0% 0� �6/1 % -27/0 % 0� �82/2 % -288/1  -(8�' ;���

 ��� �! .6
�)6(@�� 0� �$�� I'�(  	
��2 �  0� �O2 � �1W

 K('�+%:� 0� �!�#(
�GP �!�! �2 -B'�"� �!	� ���  	 ��7� ,��-

�!�! -�� -� ��!% ������ �= � -(8�' !+1
2 ��31/20 �� JA(5� �

 6
! -2 ���� �77b= �'!�"� ,��2 e+P+� �'� .6
� �!�! ;���

 ����� �+B�
 0� ����10  �! -� ,�+E -2 c6
� �!�$ <7 

�!�! ,�45� ,�� ���"� �-��� �! ��� !�N'� ���� �77b= -2 3+2�

% 0� �4525/6 % -2 �4557/3  ���) 6
� -(8�' ;���7.(  
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 	!
,4��� 1�*� 1��B���
 I����JK� 1�*,� "� �L�( ���!� ! *���.� .���� 1�
3 	
�  

Independent 

Var.  
Dependent 

 Var. 

plateE 
(∗ ��45�)  

plateρ  

(
��

��� ) 

mad1 

(
��

��� ) 

mad2 

(
��

��� ) 

Ix,v 

(∗ �����	
) 

Ix,h 

(∗ ���
�	
) 

xA  

(∗ ���	��
) 

Ex 

(∗ ��65�) 

7" =9.2499 3988.98 2498.21  231.97  1015.08  8799.98  42805.92  4598.08 4598.08  
7(8) = (0/03178)�=>?@A B (0/01143)D=>?@A B (0/02735)*?G" B (0/00904)*?G� B (0/01615)JKL B (−0/00353)MK 

7� =10.6299 3988.98 2498.22  231.97  1015.08  8799.98  42806.15  4598.06  4598.08  
7(8) = (0/01614)D=>?@A B (−0/02949)*?G� B (0/03033)JKL B (−0/03877)JKN B (−0/00951)�K B (−0/00848)MK 

7+ =12.75005 3988.98 2498.29 231.97 1015.08 8799.98  42805.70  4598.007 4598.08 
7(8) = (0/01982)�=>?@A B (0/05617)D=>?@A B (0/02454)*?G" B (0/01185)*?G� B (0/03645)JKN B (−0/03988)�K 

7- =17.92025 3988.98 2498.22 231.97 1015.08 8799.98  42805.92  4597.95  4598.08  
7(8) = (0/05602)�=>?@A B (0/01884)D=>?@A B (0/05697)*?G" B (0/01635)*?G� B (−0/06718)�K B (−0/01882)MK 

7, =24.5695 3988.98 2498.11 231.97 1015.09 8799.98  42805.79  4598.06 4598.08 
7(8) = (−0/038)�=>?@A B (−0/02098)D=>?@A B (−0/01539)*?G" B (−0/03906)JKL B (0/02144)JKN B (−0/00894)�K B (0.00772)MK 

'- =0.889003 3988.98 2498.19 231.97 1015.09 8799.98  42806.007  4598.08 4598.08  
7(8) = (−0/05945)�=>?@A B (0/054)*?G" B (−0/01323)*?G� B (0/01786)JKL B (−0/01446)JKN B (−0/02751)MK 

', =1.040028 3988.98 2498.15 231.97  1015.09 8799.98  42806.17  4598.10  4598.08 
7(8) = (−0/02807)�=>?@A B (−0/01852)D=>?@A B (−0/01852)JKL B (−0/04271)JKN B (0/01216)�K 

'. =1.019952 3988.98 2498.19  231.97  1015.09 8799.98  42805.88  4598.18 4598.08 
7(8) = (−0/02417)�=>?@A B (0/01569)*?G" B (−0/02343)*?G� B (−0/0168)JKL B (0/00586)JKN B (0/05418)�K  

'"P =0.28999 3988.98 2498.22 231.97  1015.09 8799.98  42805.92  4597.99  4598.08 
7(8) = (0/04062)�=>?@A B (0/01724)D=>?@A B (0/02156)*?G" B (−0/0423)*?G� B (0/00772)JKL B (−0/0475)�K 

Q"P =1.11997 3988.98 2498.19  231.97  1015.08  8799.98 922/42805  4598.17 4598.08 

7(8) = (0/01537)�=>?@A B (0/03605)*?G" B (0/03039)*?G� B (−0/05184)JKL B B(0/04706)�K 

Table 7. Values and relationships obtained from the proposed algorithm for the accuracy of the numerical model 

  

 ��%5 . k ���8 �'!�"� -B'�"�3  �'!�"� �2 ,!�� @�� 0� �$�� �0�
 @�� !+�	 ��7�  

  

Fig. 5. Comparison of frequency values of 3 elementary modes of the structure obtained from the numerical model with field values 
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Fig. 6. Comparison of acceleration values obtained from numerical model with field values 
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Fig. 7. Comparison of numerical displacement values obtained with field values at sensor position 10 
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Abstract 
In the present study, the results of two numerical finite element models prepared for the dynamic behavior of a 

concrete bridge in the rail transport network have been modified using the GP algorithm compared to the field data. 

In this research, taking into account the logical error for the data obtained from the two numerical models and field 

survey, in addition to modifying the results of models in the field of frequency, acceleration and displacement, the 

assumed values in the analyses in the error range should be corrected. The results of the GP algorithm showed the 

success of the algorithm in reducing errors between numerical and field results; so that the errors are limited in the 

range of 10�+%. The bridge studied in this paper is the Arroyo Bracea Bridge in Spain that is made of concrete 
beams and slabs. This is a bridge with two 15.25 m spans and a 45-degree angle with I-shaped beams crossing two 

railways. This bridge is modeled with two finite element methods and then is measured via a field survey to evaluate 

the results of the both models. Then, the difference between the results of the two numerical models and field survey 
is reduced by proposing the GP algorithm. This bridge is modeled by SAP2000 using orthotropic plate, isotropic 

plate and beams model. In both models, 6 degrees of freedom are considered for each point, and the interaction 

between the train and the bridge is neglected. The values of mass, modulus of elasticity, cross-sectional 

specifications, and degree of stiffness of the support are determined for each model. Accuracy of dynamic 

parameters was obtained from the studied bridge and experimental samplings are conducted from two finite element 

models. In addition to surveying the dynamic specifications of the soil around the bridge, in this study, the natural 

frequency of the bridge is obtained with analysis of modals and values of acceleration and displacement in traffic 

load conditions by installing the piezoelectric accelerometers at 11 points of the bridge. In this study, the soil 

characteristics around the bridge were also examined. First, by explaining the basics of the GP algorithm, the 
algorithm prepared in this article was introduced. The data on cross-sectional values, modulus of elasticity, and 

mass were selected as effective parameters from the initial data of the models and were randomly recorded along 

with field data in the error range of 1000. For having data with the same level, the values of parameters were 
normally distributed. Then, by implementing the algorithm proposed for the initial data of each model, a 

mathematical equation was presented per field data. These equations, in addition to reducing the error of the results 

of the model, also modify the initial data by providing correction coefficients. The proposed algorithm reduces the 
error data by 20.31% for acceleration on the part of the bridge deck.  Given the importance of dynamic behavior of 

the bridges in high-speed or heavy-load lines, the high accuracy of the results of the analyses related to this behavior 

is very important. However, the use of GP algorithm for calibration in analysis of bridge dynamic behavior is very 

restricted and there is still a possibility of development and improvement. One of the achievements of this paper is 

that it can be used in similar issues by providing mathematical equations, modifying initial parameters with 

correction coefficients, and significant reduction in error values. For further research, it is also suggested to 

investigate the matching factor in specific vectors in the modal analysis via this method. Determining the optimal 

values of the proposed algorithm parameters using the other methods and sensitivity analysis of GP algorithm 

compared to the changes in parameters are among the other proper suggestions for subsequent research.  

 

KEYWORDS: Dynamic model, Concrete Railway Bridge, Arroyo Bracea Bridge, Calibration, Genetic 

Programming Algorithm.  
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