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 6+���D X;�	 ���	 ��8�T 
 q��B �$�� ��
�I� �����

��$.��� 0�'���1 ��$ 6+���D &&���  ����D  ��
 ��8�T

X;�	 ���	 ��$ 6+���D��� 
 �� 0�'?�1  &�1
��� j'5


 &��?'U
 0$�! KOI� �� �$����� ��$.  

 7	��1. 0$�! 0�;
� E�<M����$ 6+���D &�1.  

Deck 
length 

)m( 

Using 
Cold-
form 

Channel 

Number 
of GFRP 
profiles  

Deck 
Label  

0.8 No 3 D1 

1  No 3 D2 

1  Yes 4 D3 

1.5  Yes 5  D4 

Table 1. Parameters of the deck specimens. 

 

 89�10$�! . :��$ 0/	�� &�1a (D1 �b (D2 �c (D3. 

 
Fig. 1. Deck specimens: a) D1, b) D2, c) D3.  

  

 89�20�'�� &��>?��� . &D4. 

 
Fig. 2. Setup of D4 specimen. 

 

 
 

 2 � 2 � 
��  $%�!�   

 ��4�8
�B&�1 GFRP 0$�! �	�� &��� cU/M� &�1 ���=/��

��� ��$.  ��$ ���=/�� �/�� 4�"+
 G*2�"+
 9+�� �4��$ 4

 �/��922� �;�J% MEKP 10 �F��&� � ��"1� i�/$ 
 9��D

.���  j'� �� ��$ ���=/�� �L'8 P�
St37  &���� 
 ��'�

 ���M\2 ��� �/� �U����� ��'� �� ���=/�� �� 9�"b�1 � 

KOI��1  .��� ��$ ���� 4.$ ��N�� 0� �L'8 P�
5/1  �� �/�

25/1 �; Q�� Q
� �� ���=/�� �� 
 ��'� �/��7 
 ��$ ���� Q�� 

��$ ���� S�8 0% ��� �=/�� �� 0� ��� ��'� �� ��KOI� � ��'��o 

.��� ��$ 4+�J�   

 89�3 ��$ 6+���D :;�<� .GFRP :a (0�'��&���8 &  
b( 0�'�� &�1

���%.  

  
Fig. 3. GFRP tested materials: a) compression specimens and 

b) tension specimens. 
 89�4 ��$ 6+���D :;�<� .G*2 :a (0�'���1���% &  
b( 0�'�� &

�$��. 

 
Fig. 4. Adhesive tested materials: a) tension specimens and b) 

shear specimens. 
2� 2� 1� 
&'(&)	� 	 ��*����� "��   

&��� 0�'�� 6+���D &�1GFRP j'�(� �� �20  0�'�� ��!

 .��� ��$ ����� cU/M� �\�! KOI� ��#2 ��  

 7	��2.  6+���D Q
� 
 ���"1 E�<M�� :;�<� &�1GFRP.  

Thickness  
(mm)  

Height 
)mm( 

Width 
)mm(  

Length 
)mm(  

Testing 
method  

Test 
specimen 

6.35  76.2  76.2 100 Compression  Cubic 

6.35 
-  30  200 Three point 

bending  
Sheet  

6.35  
76.2  76.2  340  Three point 

bending  
Box 

profile  

6.35  
-  40  180 Direct 

tension  
Tension 

specimen   

Table 2. Geometry properties and test procedures of GFRP. 
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&��� 0�'�� .�'$ &��?'U
 �����% 0�'?�1 j'5
 �� 0."+�1 &�

 H'3 0� 7�� ���	200 ��$ ��+�� �/� �U�� 4��% 6�	 �� ���
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0�'�� 9+� ��0�'�� �� �$�� &
��� j'5
 �� 
 �+D �'
'� �1 �1

�'$ &��?'U
.   

    ���% 6+���D ��$ S�(��  ��
D ���� 
 �L'8 P�
 &
� 

 D �.���.� E�<M�� �� ���=/�� �� �UJ�� 0�'�� ��#211 �� 0%

Q��  �7�;��� ��$ S�(��0�'�� E��C7
 0% � ���% &�1O�k�� 

 ������/��ASTM ]32-30[  .���4.�
�B  P�
 ���% 6+���D

)4.$ �� �L'85 �� RB .��� ��$ ����  ��� ( 6+���D S�(��

0�'�� ��N�� ��L'8 P�
 ���% ��$ 0/M�*? &�1&��� ��� �

�I�IZ 6"� &�1���'��  ��
D-������ ��I�IZ 6��% ��$ &��?

.��� 

  

 89�50�'�� &��>?��� . &�1GFRP :a (&���8 0�'�� �b (���	 0�'�� �

c( ���% 0�'��.  

  
Fig. 5. Loading GFRP specimens: a) compression, b) flexural, 

and c) tension specimens. 

  

      9�"b�1&���  7�� G*2 �.���.� E�<M��  ��
D ����

6+���D�$�� 
 ���% &�1 ��� ��$ S�(�� G*20�'�� . &�1

 0� 0
'��� 
 ��'� �UJ�� 4.$ 0� G*2 6+���D ���%

������/��ASTM  ]35-33[ ��� ���D ����.  

  
       

2 � 3 � )	�
��  $%�!� *����� "��   

     6+���D �����1� ���/�� ,�'�&�1 ��  ��8�T150  
1000 

9�'��'U�% ��� ��$ S�(��0�'�� 0� ��$ H��!� &
��� . �� �1

0��
 H�/"% ��.U�! �!�� [�� �� 
 ��� ��$ S�(�� �+�
1/1 

  

 
1. Dog-bone specimens 

 �� .��� ��'� 0I�5� �� �/� �U��6M� ����� �+� &�1C7
 E��

6+���D.��� ��$ �%` ��$ S�(�� &�1  

  

2 � 3 � 1 � 
,�& 
- *(. *��������   

       ������/�� 0� 0
'��� ���	 0�'�� Y"B j'�(� ��ASTM  

]38-40[ �&���  :;�<� ���	 E�<M��  ��
D ����

GFRPP�
 4��$  D 0�'�� ��#2 .��� ��$ 6+���D � &�1

GFRP  ��'� ���� D �� @+�1 0% H'3 0� �1200  �/� �U��

 7�� ��+� 0�'�� @+ .��� ��$ ��+��KOI�  �3'5GFRP  ��'�

��� ����� 0�'��  D H'3 0% �350 �U��  E�<M�� .��� �/�

0�'�� 
 �14.�
�B H
�
 �� 6+���D )3��� ��$ ����  ��� (.  

  

 7	��3. 0�'�� ��N��0OI� 0� ���	 &�1�+�(mm).   

Loading 
span 

Height Width  Thickness  Specimen  

220  76.2  76.2  6.35  
Box 

profile 

120 -  30 6.35  
GFRP 
sheet 

Table 3. Dimensions of three-point bending test setup (mm). 

 

2 � 3 � 2 �  *�����"���/   

     0�'�� &���8 &�1GFRP  H'3 0� 7��100  ��+�� �/� �U��

0�'�� H'3  �7�� 9+� ���� ��$ &��?'U
 G
'� &���8 &�1

0�'�� �� 6���% 0�'?�1 ���	� ���� &���8 &�1 .�'$&��� 

0�'�� &���8 ��
�I� ����� 0� 0
'��� &���8 0�'�� ��#2 ��1

 ������/��ASTM ]42-39[.��� ��$ 0/8�? �o� �� �  

  

  

2 � 3 � 3 � ���0 *�����   

0�'�� ���% &�1GFRP��
���
 Q�� &L�� �5� 4�;� 0� � 

 ,�'�Q
� 9+� 0�'�� 9�"b�1 .��� ��$ ��+�� ���% &�1

GFRP  ������/�� 0� 0
'���ASTM D3039  .��� ���D ����

'*"/*%� �� ���=/�� �� ���% 6+���D �� ���D ���� Y+�/�� �/

�P�
 @�/�L� E�<M�� 0.�D 4�;� 0� ���� ���D ���&�1 
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GFRP � 0 .�+D ���� k�5� �'3G*2 0�'�� �$�� E�<M�� 

 �$�� 6+���D �� ���=/�� ��double-lap  ������ ������/��

ASTM  ]41[ �9��N� ��� ��$. 

  

2 � 4 � 
��  
&'(&)	� 	 ��*����� "��   

      0� 0
'���H
�
)1( )4.$ 
6( ���#2  �+�']��% 0$�!

� ��$ 0/	�� 0$�! @+ .��H'3 �� 8/0 
� �H'3 �/� 0$�! &

 ��+�H'3 �� 1 @+ 
 �/�  ��+� 0�'��&���� 5/1  .��� H'3 �/�

���'% 9+�� ��$ 6+���D ��""% [��'� &��>?��� �-� 0$�!

.��� 4�8
�B �� @+�1 j�=��� 
 z�! 9�"b�1 &�1GFRP  ��

4.$ )6 ����� (2/76 �U�� �/����.  �� G*2 �$�� 6+���D

) h% �U�	 �!�� �� �.���/�� &��>?��� �� ���=/��2/0 �U�� �/�

 .��� ��$ S�(�� (0I�5� ��&���  �*.$ &u���  ��
D ����

 :;�<�GFRP 0�'�� &���8 6+���D �� &���8 �;�Z �� &�1

 �JN.�GFRP  .��� ���=/��  

 89�6 .0�'�� 0$�! :��$ 0/	�� &�1a (D1 �b (D2 �c (D3 �d (D4.  

  

Fig. 6. Deck samples: a) D1, b) D2, c) D3, d) D4.  
 

  

     ��
�I�  ��
D ���� 0� �("� 6+���D 9+� KOI� &�1

GFRP 0$�! ��+� .��� ��$ ��""% [��'� &��>?��� ����� ��-

 �1&���  D ���	 ��8�T  ��
D ���� &��>?��� �-� �1

6+���D �&���80�.� .��� ��$ S�(�� �10$�! ��? E�'F 0� �1

 D ��  ��
� 
 ��'� ����0�.� �O5 .��� ���D �1��? ����� 7�� �1

60 ��.U�! .��� �/� �U�� 0$�! 
 ��'� 08�O.+ E�'F 0� �1

KOI�0$�! �;'3 �#
 �� �10/8�? ���5 �1 .���KOI� &�1

GFRP ��$ 4</� ��+�.+ 0� G*2 ,�'� &�/��� 
 ���

  u
�/;�B �	��KOI� .���� ���5 0$�! H'3 &�/��� �� 7�� �1

 0�'�� &
�D1  0�'�� .��� ��$ S�(�� ��""% [��'� &��>?���

D2  ,�'����/*? &��>?��� 0�'�� 0� �J*� ��D1 &���  �����

 0�'�� �� .��� ��$ 6+���D q��B Q�� ��/8�D3  ��KOI�  ���

��'�  �� ���� ��$ ���=/����2��].+   ���KOI��'	 0� �1 �

 .�'$ ���5��KOI� ��'� ���  ���� Q'
  '?�D Q'
 ,�'�

���M\ 
 ��'$ �+�!� &��.$'
 �� L�� �5� �� ��� ��$ 

P�
 ����� �12  0�'�� �� .��� �/� �U��D4  �� 7��KOI�  ���

��'�  �� ���� &�/��� H'3 0% E
�=� 9+� �� ��� ��$ ���=/��� �W

 ����� ��'	 0� 6�	�'$ z�! .0�*� ��"1� H�<�� &�1

����
���1  �����10  .��� �/� �/���  

     P�
��{{$ ���� S�8 ��{{� ��'� k+�3 �� 4.{{$ ����
�� &�1 

 ��N�� 
 �{{{��38  
 H�� 0

 �1 �� �/� �U��76  �� �/� �U��

0{{$�! ����� 9�"b�1 .����  �
 �.���/{{�� &��>?��� �-� �1

��$ 6+���D.��� 

3  ����2��3& ����� ����� "��4 %�� 	5�6&� "�� 

���  

3 ���� 1 ���� 2��3& ����� �����  "��7'� 	 
� �  $%�! �

 ����.   

3 � 1 � 1� 2��3& *����� 
,�& 
- *(.���  

0OI� 0� 6�	 6+���D 0� 0
'���P�
 �+�4�8
�B 
 �1 GFRP �

0�'�� 9+� �� 4.$ ���V�0� �1 R]� 
 ��'� �+>B v�ON�� E�'F

 .��� ����	� v��;� �*.$  

  

 89�7
��� ���'�� .-0��
0OI� 0� 6�	 �+�
.�3'5 KOI� �+�  

  
Fig. 7. Results from three-point bending tests of GFRP profile. 
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      �*.$ 9+� ���! 4�;���WD 6"� �� 6�	 
 ���% &�1

6"� 
 ��'� P�
 KOI� �� &���8 �W� v��;� &�/��� �� _��% �1

���� v��;� �� �*.$ GJ� 4��! 9+� 0% �""% .�'$  

 89�8 . 
��� ���'��-0��
0OI� 0� 6�	 �+�
P�
 �+� &�1GFRP. 

  
Fig. 8. Results from three-point bending tests of GFRP sheets. 

 

 89�9����	 .0OI� 0� 6�	 0�'�� �� ���D �'
'� &�1.�3'5 KOI� �+� 

  
Fig. 9. Damages from three-point bending test of GFRP box. 

 
 

     ��10�'? 4.$ �� 0% &�1)7  
8 ���� ��$ ����  ��� (

0�'�� &�1GFRP �O	 ��/8� ��/�� � ��/8� ���
 R]� 0/$�

�O	��d ����	 0�Z��  D �� 
 ��$ 
 �10+L 6+��
 4��5 &�1

��� ��$ ��1��� �#
'� G��D 0% 4.$ �� 4�8
�B &��� �1

) ����$9.�"/*1 ��1��� 4��5 (  

 

3 � 1 � 2� ���0 *����� 2��3&  

0�'�� ���% 6+���D �� �UJ�� &�1GFRP ����	 G;�d �'� �

0�'���*.$ &�1 ���! 4�;� 0% ��� ��'� �;'3 �8��;� 9�� &�1

 .��� 9+�� �*.$  D 

  

  

  

  

  

 89�106"� ���'�� .-0�'�� ���% 6+���D 6��% &�1GFRP.  

  
Fig. 10. Stress-strain curve from tensile tests of GFRP 

samples. 

0�'�� ���������	 ��$ 6+���D &�10/$�� �� 0���� &�1 �� .���

)4.$10 ���% 6+���D �� ���D ���� ���'�� (GFRP   ���

 �� &�L'8 P�
 ���% 6+���D Y+�/� 9�"b�1 .��� ��$ ����

)4.$11.��� ��$ ����  ��� (  

  

 89�11�N5�
 6"� ���'�� .-0�'�� �N5�
 6��%.�L'8 &�1  

  
Fig. 11. True stress-true strain curves of steel plate. 
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 ���% �;�Z 
� �� 7�� �1

 ���% 6+���D �� �*.$ G;�d �'� .��� ��$ 6+���D �$��

G*2 ��1���  D �� &�+>B 4.$ 
 ��'� ��� �*.$ 7�� �1

4.$ �� 7�� G*2 �$�� 6+���D Y+�/� .��� ���� )12(   ���
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 89�12 . 
��� ���'��-0��
 6+���D �+�
double-lap .G*2 0�'��  

  
Fig. 12. Result from double-lap shear test curve. 

 
 

3 � 1 � 3� "���/ *����� 2��3&  

     0�'�� &�1GFRP  ���5 &���8 6+���D �-� 7�� &���8

 &���8 E�<M�� �� 0/8�?KOI� .�+D ���� �1  

     KOI� ����	 G;�d �'�6���% �1 E�'F &�10J; �� 0/8�?

U�8�B ����	 0% ��� ��'� KOI� ���D &�   .��� ��$ &��>����

 
 ��$ ��+�� 0J; ��
�I�  �'� c�N\ ����	 9+� �UF� 4�;�

6"� 7%���6+���D Y+�/� 0% ��� 0�Z��  D �� �1 &���8 &�1

4.$ �� )13.��� ��$ ����  ��� (  

 89�13
��� ���'�� .-0��
 &���8 0�'�� �+�
GFRP.  

  
Fig. 13. Results from compressive tests of GFRP samples. 

 

3 ��� 1 ��� 4��� *����� 2��3& 8�9��$%�!� "�� GFRP  5�6&�

��� :�� 	"��3.�- "��  
  

      :;�<� 6+���D �� ���D ���� Y+�/� 0� 0
'���GFRP� 

�=/�� �� 7�� :;�<� E�<M���/"% 4��5 �U�U-� ,��
� �� �� H

��� . 0/�*�/�L� H
�� :;�<� ��
�I� ,��
� �� ���=/�� ��

 :;�<�GFRP  6�	 ,��
� �� ���=/�� �� 
 ��'� 0J��-� 4��5

��P�
 6�	 Y+�/�  �'� &�1GFRP .��% 4�U-� ��  j'
� ��

0� P�
 ���"1 E�<M��H
�
 �� �1 )3(�� �0O��� ��  �'� 

�+� &��� H�/"%  0�/*�/�L� H
�� �� ���D ����6+���D1 &�

���	 �'�� ���=/��.  

)1(  ∆� ���
48�	 

      

     0O��� �� 	  ���"+�  ���
 ∆  P�
 0��1� ,�
  �.� ���V�

GFRP  9�"b�1 
 ����  ��   
�  4��5 &
��� G���� 0� 7��

 P�
 0/�*�/�L� H
�� 
 H'3 �4�-�GFRP ���. &���  4�U-�

����	4�8
�B �� �1 &�1GFRP  H�� �� ���=/�� 9�$�1 G��D

 cU/M� �'� ��#2 �� ��/M�*? z�8 �� H�� 9+� .��� ��$

R+���� 
 v��;� &���8 
 ���% c+�N� �� ��$ �[43,42]. 

 cU/M� &�#/�N\
 &��� �*.$ &u��� 0� ���� H�� 9+� ��

�� G��D 0% �$�� �+� �Z�*� �� ���D ���� �*.$ &u���

6"� ���'��-0��
v��;� ���% G��D �+�
 �v��;� &���8 �

��� R+���� &���8 
 R+���� ���%. 

  

 7	��4KOI� �*.$ &u��� .&�1GFRP ]6[ �mJ mm�⁄ �.  

250 ����  
250  ����  
100  ����  
100  ����  

Table 4. Fracture energy of GFRP profiles �mJ mm�⁄ �. 
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Table 5. Mechanical properties of GFRP profiles (MPa). 
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Fig. 14. Traction versus separation curve. 
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83 �J m�⁄ �   ���  
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1.45 .  
Table 6. Mechanical properties of cohesive layers. 
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Table 7. Details of experimental and numerical results. 
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D1.  

   
Fig. 15. Force-displacement curves of deck specimen D1. 
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D2.  

  
Fig. 16. Force-displacement curves of deck specimen D2. 
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Fig. 17. Force-displacement curves of deck specimen D3.  
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Fig. 18. Force-displacement curves of deck specimen D4 (For 

various Number of Elements (NOE)). 
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Fig. 19. Force-displacement curves of deck specimen D1. 
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Fig. 20. Force-displacement curves of deck specimen D2. 
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Fig. 21. Force-displacement curves of deck specimen D3. 
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Fig. 22. Moment-displacement curves of deck specimen 

D4. 
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Fig. 23. Damages in deck. 
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Fig. 24. Damages in deck under punch loading.  
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Fig. 25. Tested D4 deck.  
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Abstract  
In recent decades, new materials have had widespread applications in the construction industry. In the present 
research, a steel-FRP flooring system is proposed and tested. The implanted experiments are performed in two 
sections: at first, tests of constituent materials used in composite decks are done, and then full-scale tests of 
hybrid composite decks are performed. Mechanical tests, including three-point bending, compression, and 
tensile tests of GFRP profiles, tensile tests of steel plate, shear, and tensile tests of epoxy adhesives, are done 
with the aim of reaching mechanical properties. Next, flexural tests on four decks are performed. The main 
variables considered are the length of composite decks, the cold-formed steel channel effect, and the number 
of GFRP profiles. In examining the composite decks, the fracture between cohesive layers was observed, and 
damage localization and fracture in profiles occurred. It found that the use of the steel plate increases the 
stiffness and load-bearing capacity of the decks. The primary failure mode in the experimental work was 
deboning between profiles and adhesive fracturing in the decks without steel plates. In the decks which are 
used steel channels, the complete composite action of the structure was observed, resulting in suppressing the 
debonding phenomenon. The decks with cold-formed steel channels exhibit higher reliability as a result of 
their ductile behavior. After the tests of composite decks, the composite decks were modeled in the Abaqus 
software, and the results of the experiments and simulations were compared together. The results of numerical 
analysis have good agreement with experimental data.    
 

Keywords: Hybrid Composite Decks, FRP Composites, Composite Structures, Experimental Evaluation, 
Finite Element Analysis, Nonlinear Analysis.  
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