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�� 0è9‚�/�+0[�†/² /² 1 �_&g�M��/²�_�6�•%Ú�o�g�'�b0°�•�c

�W�W1, 2 �_&g�M�\�>�~�[�6�•�� t �†�Ü�I�^�80è9‚�/>&�W �W1>'

�c�
�œ�† 300 mm�_�M�•�G�\�[�
�O�‡�•/õ�I'½6ë7x 300 mm

�b�Â�Š"g�Â�b
Ì#'�†�–�W�K�S�� t �†�Ü�K�S0è9‚�/>&�W�W2>'

�c�
�W0°�b�|�:�_*ƒ�<�Z/õ�I'½6ë7x 100 mm�b
Ì#'�†�–
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�í�Ö�º�Ø�b��9‚ 2) 3)�[�c>*9×�I 300 mm�™�œ100 mm�b6×

�‰�g�•8��\�K�S�@�
�Ç�µ�¡4Š�(�b�¥�å�¡�Ü�î�º�@�“�_+~

�}�‡�[%Ú�o�K�Z�K�r�W�S����7•�b�ö&O�q�[�c�z'½�^�]�b

�Ê�°�_�|�~�G�b�|�:�^+~�}�s�c�6�~�“�^�8��  

�í�W�W 2 �b�|�:�^���•8��\�M�€�d+~�}�s�†75�F�[�A�•���M
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(a) 6ë6ë7x7x 300mm�b�b 0è0è9‚9‚ �/�/  (b) 6ë6ë7x7x 100mm�b�b 0è0è9‚9‚ �/�/  
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�Ö�º�Ø�b s �b�X�8�Z�8�•0è9‚�/�
�•�º�Ø �b t �b�X�8�Z�8
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5��a6×�I  /d �\�q�±�Â
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)E�m��!l�[
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PREDICTION AND ACCURACY OF 
ROAD TRAFFIC NOISE PROPAGATION: 
NUMERICAL STUDY USING SOUND 
EMISSION MODELS IN JAPAN AND 
EUROPEAN REGION 
 

�¤�­���M�� �� �� >(����
��
�Ÿ�î�á�î�»>8��
9•8b�£ �>*�Ø�<�X"I�ö>*3ÿ�Ø�k�Ñ�ö>*�…8��o�U>*�G�¡>*�£ �(­�Ø��
��
Keywords: 
Noise Prediction, Frequency Characteristics, Speed Dependence, Ground 
Reflection, Diffraction, Prediction Accuracy 

�7�R�P�R�N�D�]�X���7�V�X�E�R�L���� ������ ���� >(>(���� ��
��
��
��

� � � � � � � �
�z���� �̧ #ã�$�Â�� �M�5��
�j���� %¼�­�� �Ë�� �M�5��
�j���� �•�Ì*>96�� �M�5��

!

���� �c�L�u�_��
�������� %Ê'2*ü����
� � � º3 û) Y� @$ Î4 )� K� S# '� æ� _� >� 8� Z> *" I� _+ ¬� ·3 4� º3 û� c
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���8>*4(2°�º3û9•8b�c�"4(�…�æ�_�>�E�•�±�A�^&k�
�e
8Ÿ�b�M�X�\�^�W�Z�8�•���G�b�|�:�^9•8b�e8Ÿ�?�}�Ì4:
�^�+#”�C�†&��–�M�•�S�u�_>*��(�"@�b4=8b0¿0£�x758b
�h�b4Ä*(0£#ì�^�]�b�P'Ç�@�^�I�€�Z�8�•���Q�b�P'Ç�†
�G&��?�X� "á$×�_/œ�:�S�u�_�c>*�¦�S�_9•8b�b&ì�Ø�†
�£ ��M�•�²0[�@�6�•���Q�b�£ ��2�\�K�Z>*�C�@�\�[�c�¥
�•�[�c�¥�•8b8j�Û�
�@�f�L�M�• ASJ RTN-Model 2018 1)

� @ � È � C # Ý � 8 � } � € � Z � 8 � • � � � r � S > * � " � ^ � _ � > � 8 � Z � v
CNOSSOS-EU�†�c�L�u�\�K�S�¨�C�b�£ ��2�@�f�L�I�€
�Z�>�~>*�£ ��2�b6ä$Î�c�\7•$×�_4
�u�}�€�Z�8�•  2-9)��
�M�‰>*"‚+¬�b�£ ��2�†�–�w�K�Z�8�^�8�¾�!�”�ª�”�†�p
�°�_>*4”�w6ä$Î�¦���_���:#”�C�s8j0Û�o�_�Z>* ASJ RTN-
Model �@�q#Ý�I�€�•�¦�[�v�s�}�€�•  10,11)��  
�������� % $×��
� � � •% Ê' 2� [� c> *� 8� C� X� ?� b� \� [# Ý� 8� }� €� Z� 8� •ASJ 
RTN-Model �b�w� �ö�†�è0É�M�•�S�u�_>*�£ ��b�ö�•�\
�^�•8b8j�Ã�á�î�Þ�Ë�Ý LWA �†�"�^�b�z0[�^8b ;�Ô�¹�Ý
�?�}�Ó�u�S�Q�€�}�\�š3Q�K�S���r�S>*�£ �!l�_�?4)�M�•
9•8b�Þ�Ë�Ý�†�Ø�<�X�H�\�_0£'ì�M�•���œ>* LWA �\
¹�_>*
�Q�b�Ø�<�X"I�ö�[�6�•8b8j�Ã�á�î�«�Ì�¡�º�Ý LWA( f )�v
5�0[�\�^�•���Q�b�S�u>*�¹� �^�…/²8��V�[�b9•8b�b���™
�†�•���K�S�"$Î9•8b�Þ�Ë�Ý LEA �b0£'ì�†/œ�8>*�›�Ô�¹�Ý

�b LWA( f )�b4*�8�_%T% �K�S�è0¦�†/œ�W�S���I�}�_>*�£
 �(­�Ø�_�$�Z�M�•0[�I�b�M�X�\�K�Z>*�¶���b34�g�b2n
/œ3ÿ�Ø�b�d�}�X�A�v*ƒ�<�}�€�•���Q�G�[>*��4(2°�[�b9•
8b ����¹�î�±  12)�†�ö�_>*�º3û"g�#�†*ƒ�Ö�K�S7•�b'¼�o
9•8b�Þ�Ë�Ý LAeq �b0£'ì)��Ý�b�š�ì�†&�1��K�S��  
 
���� 4(2°�º3û9•8b�b8b ;�Ô�¹�Ý��
�����������$�6�-���5�7�1���0�R�G�H�O������������
�� ASJ RTN-Model 2018>&�è�W>*RTN-Model�\&à�M>'�[
�c>* LWA �b�±�`6õ�€�@34'��_�|�W�Z$��^�•�S�u>*�`�º�í
�p�º�í�±�º34�b 3 34'��(8®�†�ö�•�\�K>*�&(•�í�<�È�ö+Ò
/æ�^�]�b+Ò/æ'��9�_�Q�€�R�€0¿���I�€�Z�8�•���Ò�G>* �P
1ß�\�K�S�&(•+Ò/æ�[�b LWA �c>*2n/œ3ÿ�ØV �\4(2°�b)ª
�•�Ù4Ä'¼�_6õ�M�•/õ�G5� C �?�}>*�' (1)�['ì���I�€�•��  
 

�.�[�E 
 L � = 
 E � >�Ž�‰� 8 
 E � %    (1) 

�.�[�E �:�B�; 
L �.�[�E 
 E � ¿� .�[�E �:�B�;   (2) 
 
�G�G�[>*�€�X a �c/² 1 �b�|�:�_34'��9�_�Z�<�}�€>*3ÿ
�Ø�k�Ñ�ö�†/²�M�€�X b �c>*���–2n/œ�ì�@ 30>*8����–2n
/œ�ì�c 10 �[�6�•�� LWA( f )�c>*�Ø�<�X f �b A "I�ö�Â�å�»
�Ã�á�î�Þ�Ë�Ý�[�6�~>* LWA �\4(2°�º3û9•8b�b�æ/²$×�^�Ø
�<�X"I�ö �ûLWA( f )�?�}'ì���M�•��  
 

 

/² 1� � � &( •+ Ò/ æ� _� >� E� •LWA �'�b�€�X a 

Classification Steady*1 Non-steady*2 

Light vehicles 45.8 82.3 

Medium-heavy vehicles 51.4 87.1 

Heavy vehicles 54.4 90.0 

*1 Steady running: b = 30>&40 �” V �”140 km/h>'  

*2 Non-steady running: b = 10>&10 �” V �”60 km/h>'  

/² 2�� LWA �'�b�€�X BR, BP �b�[>& CNOSSOS-EU>'  

f [Hz] 63 125 250 500 1k 2k 4k 8k 
(a) Light vehicles 

BR 30.0 41.5 38.9 25.7 32.5 37.2 39.0 40.0 
BP -1.3 7.2 7.7 8.0 8.0 8.0 8.0 8.0 

(b) Medium-heavy vehicles 

BR 30.0 35.8 32.6 23.8 30.1 36.2 38.3 40.1 
BP -1.9 4.7 6.4 6.5 6.5 6.5 6.5 6.5 

(c) Heavy vehicles 

BR 30.0 33.5 31.3 25.4 31.8 37.1 38.6 40.6 
BP 0.0 3.0 4.6 5.0 5.0 5.0 5.0 5.0 

>(�����¡�Û�±�Û�±�Û7T#.�d�Û%Ê'2&É��(��Û�S�7�� �Ÿ�ˆ1"&ì�� ��

 

�W1� � � ö =3 ÿ� Ø�9ref �_�>�E�•�`�º�í�p�º�í�±�º34�b���X AR, AP>&8b ;�9�b A "I�ö�Ã�á�î�«�Ì�¡�º�Ý>'  
!

 
�W2� � 3 4' �� 9� bLWA �b3ÿ�Ø�k�Ñ�ö>& RTN-Model, CNOSSOS-EU, -NL, Nord>'  

 
�����������"�^�b8b ;�Ô�¹�Ý��
�� RTN-Model �\�b�š3Q�_#Ý�8�S�"�^�_�>�E�•8b ;�Ô�¹
�Ý�c>*���b 6 �X�b�£ ��2�[�6�•��  

 
� � 3 4' �� (8 ®� c> *RTN-Model�\� �]>*�`�º�í�p�º�í�±�º34
�†�ö�•�\�K�Z�8�•�@>* sonROAD�[�c 10 34'��(8®�†�G
#Ý�K>*�p�º34�b0¿���c!“�8���G�€�}�b�Ô�¹�Ý�b LW( f )�c>*
�±�–�Ö2°8�9•8b LWR>&rolling noise>'�\�š�å�ª�å9Q�·(Ô9•
8b LWP>&propulsion noise>'�b�š�¿�Ý� �î�œ�B�?�}�Ø�<�X
�9�_0£'ì�I�€>* RTN-Model�\�c$��^�•��  
 

�.�[ �:�B�; 
L �s�r �Ž�‰
k�s�r�Å�S�N�:�Ù�; �5�4�¤ 
E�s�r�Å�S�L �:�Ù�; �5�4�¤ 
o (3) 

�.�[�V �:�B�; 
 L � #�V 
 E � $�V�Ž�‰
l
�Ï

�Ï �Ý�Ð�Ñ

 p 
 E � %�V  (4) 

�.�[�T �:�B�; 
 L � #�T 
 E � $�T
l
�Ï�?�Ï �Ý�Ð�Ñ

�Ï �Ý�Ð�Ñ

 p 
 E � %�T  (5) 

 
�G�G�[>*�'�p�b�€�X A, B �c>* 1/1 �j�c 1/3 �œ�¡�±�î�È�Â
�å�»�H�\�_�Z�<�}�€�Z�>�~>*�W 1 �c CNOSSOS-EU�b�€
�X AR, AP�?�}�“�}�€�•�ö =3ÿ�Ø Vref>&70 km/h>'�ì�b LWA( f )
�[�6�•���p�º�í�±�º34�b LWA( f )�c>*�`�º34�_�š�m�Z�š
�å�ª�å9Q�·(Ô9•8b>& �”>'�@�-4Ä$×�_�̂ �•�|�:0¿���I�€�Z
�8�•���€�X BR, BP �c>*/² 2 �_&g�M�|�:�_34'��\�Ø�<�X�[
$��^�•�S�u>* LWA( f )�b�g"g�c>*2n/œ3ÿ�Ø�[�š�ì�M�•���G
�b!l�v RTN-Model�\�c$��^�•��  
 
���� +¬�·342n/œ9•8b�b8b ;"I�ö��
� � � W2 �_3ÿ�Ø 40>| 100 km/h�_�P�M�•�›34'��b LWA �†�š
3Q�K�S�[�†&g�M���W�p�b;î�b��)z�\%Ú)z�c>* RTN-Model
�b���–�í8����–2n/œ�ì�b LWA �[�6�•���`�º34�b LWA �c>*

�Ô�¹�Ý�_�|�~�±�`6õ�€�c�]���[�6�•�@>*�Q�b3ÿ�Ø�k�Ñ
�ö�c RTN-Model�b���–2n/œ�ì�\���Z�8�•���M�‰>* �p�º�í
�±�º34�_�>�8�Z�c>* 3ÿ�Ø 60 km/h�è�V�[�c,��C���S
4�¥
�[�6�•�@>* 60 km/h�è�W�c LWA �b�j�@�±�A�C>*���–2n/œ
�ì�|�~�v8����–2n/œ�ì�@,��8�P�Â�_�6�•�G�\�@�ƒ�?�•��  
� � � W3 �c>* 5 km/h6ë7x>&V = 40>+100 km/h>'�b LWA �†�š
3Q�K�S)��Ý�[>*�“3H�c RTN-Model �b LWA>*)ª3H�c�"�^
�b�Ô�¹�Ý�b�Q�€�[�6�•�� RTN-Model�\�b�j�@ 3 dB�è�V
�_�^�•���œ>& V = 40, 45 km/h�ì>'�v�s�}�€�•�@>*�Q�€�}
�b�¹�’�Þ�Ë�Ý�j �ûLWA �c>*�`�º�í�±�º34�b���œ�c 0.6 dB>*
�p�º34�b���œ�c 0.8 dB�[�6�W�S��  
� � � W4 �c>* RTN-Model �_�>�E�•�›34'��b A "I�ö%&�P�Â
�å�»�Ã�á�î�Þ�Ë�Ý �ûLWA( f )�\ CNOSSOS-NL, -FR�l�g
Nord �b�Q�€�}>& V = 40>+80 km/h>'�\�†�š3Q�K�S�v�b�[
�6�•���^�>>*�"�^�b�Ô�¹�Ý�c>*
›�_3Ù�m�S�|�:�_2n/œ3ÿ
�Ø�_�k�Ñ�M�•�G�\�?�}>* 3ÿ�Ø 60 km/h�_�P�M�•�Þ�Ë�Ý�j
�v�W�•�_�G�O�Z&g�M��  
�� RTN-Model �[�c>*�æ/²$×�^�M�X�b �ûLWA( f )�†0¿���K
�Z�8�•�@>*�"�^�b�Ô�¹�Ý�c>*�`�º34�b���œ�_�c�Ø�<�X
500 Hz�è�W�[>*�±�º34�b���œ�c 250 Hz�è�W�[�š�ì�M�•
"I�ö�_�^�W�Z�8�•���[�<�d>* 63 Hz�_�>�E�• 40>| 80 km/h
�ì�b�Þ�Ë�Ý�š�ì�c>*�`�º34�@ 4.8>| 9.8 dB>*�±�º34�c 4.8
>| 6.9 dB�[�6�W�S���S�T�K>*��2z�M�• 500 Hz>| 2 kHz�b
%&�P8b�}�Þ�Ë�Ý�c>*�›�Ô�¹�Ý�\�v�+�a� �L
4�¥�_�6�•��  
 
���� �›'��²�ó�†�•���K�S���™�©�Ñ�×�Þ�î�©�Ù�å��
�������� �…/²8��_�|�•2x4#�ö/¶�_%T% �K�S�è0¦��
� � � £ �) �� Ý� _� cRTN-Model �\�"�^�b8b ;�Ô�¹�Ý�?�}�Ó
�u�S LWA �\ LWA( f )�b4*�8�@
¹�_�µ�r�€�Z�C�•���Q�G�[>*
�›�Ô�¹�Ý�b LWA( f )�_�|�•0£'ì)��Ý�b4*�8�†�s�•�S�u�_ ,
�M�]�[�¹� �^�…/²8��V�[�b8b�b���™�†�•���K�S�"$Î9•
8b�@7â�Þ�Ë�ÝLEA �b0£'ì�†/œ�W�S���…/²8��_�|�•2x4#�ö  

�z CNOSSOS-EU 2) 
�z CNOSSOS-FR 5-7) 
�z Nord 9) 

�z CNOSSOS-NL 3,4) 
�z sonROAD 8) 
�z Harmonoise 9) 
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�W3� � � "� ^� b8 b ;� Ô� ¹� Ý� \� bLWA �b�š3Q>&2n/œ3ÿ�Ø�9��: 40>+100 km/h, 5 km/h 6ë7x>' 
!

 
�W4� � � "� ^� b8 b ;� Ô� ¹� Ý� b�ûLWA( f )�b3ÿ�Ø�k�Ñ�ö>&�`�º�í�±�º34 , CNOSSOS-EU, -NL, Nord, �9 : 40>+80 km/h>'  

!

/¶�c>* RTN-Model 1993�[�v&g�I�€�Z�8�•0
(ò8b�}�o�U
�€�X�†#Ý�8�S0£'ì�'�?�}�Ó�u�S  13,14)��  
� � � £ �! l� _� ?4 )� M� •� Ø� <� Xf �b A "I�ö8b�}�Þ�Ë�Ý LA( f )
�c>*�W 5 (a) �b�|�:�_>*8b ;�?�}�b%$4)8b�B�( �ö�5�\�o�U
8b�B�( �ö�6�\�b�ô�[>*�Q�b LEA �c>*7³�S$×�_4Ä*(�K�S!l8b
 ; i �b9•8b�Þ�Ë�Ý LA,i( f )�\2n/œ3ÿ�Ø V �?�}���'�[�Z�<
�}�€�•��  
 

�.�¾�E�:�B�; 
L�s�r���Ž�‰
�¿�X

�X�,
�Ã �s�r�Å�=�á�Ô�:�Ù�; �5�4�¤

�Ü    (6) 

�.�E�á�Ü�:�B�; 
L �s�r���Ž�‰�@�s�r�Å�È�= �:�Ù�; �5�4�¤ �®
���%�-�>�%�. ���.

�8��
�A  (7) 

�ö�5 
L
�Ø�Ô�Ö�Ã�-

�Ë�-
�á�� �������ö�6 
 L � 3�Ú

�Ø�Ô�Ö�Ã�.

�Ë�.
   (8) 

���6 
L �u�ä�x��
�|�ë

�Ï
�á�� �6�4 
L �s    (9) 

 

 

�W5� � � …/ ²8 �� _� |� •2 x4 #� ö/ ¶� †* ƒ� Ö� K� S� �� ™0 £' ì 

   

 
�W6� � ! l8 b ;* L� _� P� M� •2 x4 #� ö/ ¶� b� [ 

>&�£ �!l Pyz: 22.5, 1.2 m>'  
  

 

�W7�� LEA �b0£'ì�[  

>&�`�º34 , 2n/œ3ÿ�Ø: 60 km/h, Pyz: 22.5, 1.2 m>'  

 
 

�G�G�[>* R1, R2 �c>*%$4)�l�g�o�U)�2°6×�[�6�~>*0
(ò8b
�}�o�U�€�X �3�Ú�c�]�­�@&g�K�S�'�†>*�š8b8j�”�»�Ñ�µ�±
�å�« �� �c�¿�_�|�•�Ÿ�G�'�†#Ý�8�Z'ì���K�S  15,16)��/² 3
�c>* �3�Ú�b0£'ì�_#Ý�8�S�…/²8��b��� $×�v�€�¬�  �1e �[�6
�•�� 20,000>| 75 kPa>ƒs/m2 �b 4 '�8®�\�K>*�o�U�ö�\�¾8b�ö  
�…8��_�|�•�ö/¶�b4*�8�_$��–�K�^�@�}>*�›�Ô�¹�Ý�b0£
'ì�Í LEA �†�š3Q�K�S���£ �!l  (y, z) �c>*�W 5 (b) �_&g�M
�|�:�_>*�È�¹2¥7³ 7.5 m�b!l�?�} 5 m 6ë7x�_ 100 m�r
�[>*9×�I 1.2, 3.0, 4.5, 6.0, 7.5 m�_0£ 105!l0¿���K�S��8b
 ;�b9×�I�c 0.05 m�\�K>*x 3H�V�_ 5 m6ë7x�[4Ä*(�K�S��  
������������ �"$Î9•8b�@7â�Þ�Ë�Ý �/EA �b�š3Q��
� � � W6 �c>*�È�¹2¥7³ 22.5 m>*9×�I 1.2m�b�£ �!l�_�>�E
�•>* !l8b ;*L�_�P�M�•2x4#�ö/¶�†0£'ì�K�S�[�[�6�•�� �v
�€�¬�  �1e �@�`�I�C�^�•�o�]>*�±�A�^�ö/¶�@#Õ�L�•�¹�•
�µ�É�b�)*(�@�Ø�<�X 500 Hz�Ü3Æ�r�[�È�@�~>*�Q�b&ì�Ø  
�v�Q�±�M�•���W 7 �c>*RTN-Model�l�g Nord �b�`�º34�b
LWA( f )�†�[�_>*�W 6 �\� �L!l�[�b LEA( f )�†�Ó�u�S)��Ý
�[>*2n/œ3ÿ�Ø�c 60 km/h�\�K�S�� �1e �@1,250 kPa>ƒs/m2 �è
�V�b���œ>* 1 kHz�S�‹�b�•�æ�@�-4Ä$×�[�g�Ô�¹�Ý�b�«�Ì
�¡�º�Ý�v,��C���Z�8�•���M�‰>* 75 kPa>ƒs/m2 �_�^�•�\>*
�p8b�æ�r�[�ö/¶�@�È�@�•�S�u>&�W 6>'>*�n�à�º�_3Æ�8�Ø
�<�X"I�ö�\�^�~>* 63>| 125 Hz �b�*8b�æ�[�b�Þ�Ë�Ý�b4*
�8�@ LEA �_#'�€�Z�C�•��  
� � � �� _> *� "� ^� b8 b ;� Ô� ¹� Ý� bLWA( f )�†#Ý�8�Z
² 105!l
�b LEA �†0£'ì�K>* RTN-Model�b�Q�€�}�\�š3Q�K�S���W 8
�c>* CNOSSOS-EU, -NL, Nord�b0£'ì�Í�†)ª3H�_�Q�€�R
�€�Z#.�K�S>*�`�º�í�±�º34�b�[�[�6�•�� RTN-Model�\�Ú
�b�Ô�¹�Ý�?�}�Ó�u�S LEA �b�j$��c>*�£ �!l�b�)*(�_�$�}
�N,��ò�^�P�Â�[>*�Q�b�¹�’�Í �ûLEA �c 2 dB �è�W�[�6�W
�S���^�>>* 75 kPa>ƒs/m2 �\�K�Z0£'ì�K�S���œ�_�c>*42�‰
�b�…/²�Ü3Æ>&LEA = 35>+50 dB>'�[>* RTN-Model�\�b�j�@
�±�A�C�^�•
4�¥�@�s�}�€�•���G�€�c>* �W7 �[3Ù�m�S�*8b
�æ�[�b LWA( f )�b4*�8�_�|�•�v�b�[�6�•��  
� � / ²4 �c>*RTN-Model�b0£'ì�Í�\�b�Þ�Ë�Ý�j �ûLEA �† �1e

�H�\�_�Z#.�K�S)��Ý>& 105!l�b'ì/¡�¹�’�Í>'�[>*�Ã�á�î
�Þ�Ë�Ý+¬�/�b�j �ûLWA �v�G�O�Z&g�M���¾8b�ö�…8�>&�1e �Ê 
 

 
(a) CNOSSOS-EU   (b) CNOSSOS-NL   (c) Nord 

�W8� � � "� ^� b8 b ;� Ô� ¹� Ý� ?� }� Ó� u� SLEA �\�b�š3Q>&�`�º34 , 2n/œ3ÿ�Ø: 60 km/h>'  

/² 3� � � …/ ²8 �� b� ��  $ ×� v� €� ¬�  �1e 

�…/²8��b'�8®  �P�c [kPa�í s/m2] 
�¥�å�¡�Ü�î�º>*�”�«�Ç�“�Ý�º  20,000
�[�8�…8�>*�<�È�ö+Ò/æ2°8�  1,250
,*#Õ>*#ã�a>*,¡�…  300
/²8��b���}�?�8#ÿ�…>**”#ã  75
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�W10� � 7 €� h� _� |� •2 x4 #� ö/ ¶� †* ƒ� Ö� K� S� �� ™0 £' ì 

!

�W9�� �ûLWA( f )�b3ÿ�Ø�k�Ñ�ö�_2s�I�M�• LEA �b�Þ�Ë�Ý�š�ì>&�`�º34 , �ö =3ÿ�Ø : 60 km/h>'  
!

300>'�\�K�S���œ RTN-Model �\�b4*�8 �ûLEA �c�±�A�C�^
�•���M�‰>*�o�U�ö�…8�>& �1e �Ë 1,250>'�\�K�S���œ�c �ûLWA

�\�+�a� �L�[>*�Q�b�j�c(Ù 1 dB�è�W�[�6�W�S��  
������������ 2n/œ3ÿ�Ø�_���: �/EA �b�Þ�Ë�Ý�š�ì��
� � � "� ^� b8 b ;� Ô� ¹� Ý� [# Ý� 8� }� €� Z� 8� •�ûLWA( f )�c>*�W 4
�b�\�>�~>*3ÿ�Ø�\
¹�_�š�ì�M�•���G�b �ûLWA( f )�b3ÿ�Ø�k
�Ñ�ö�@ LEA �b0£'ì)��Ý�_�]�b&ì�Ø#'�€�Z�C�•�b�?�†�Ó
�u�Z�s�S���W 9 �c�Q�b)��Ý�[>* CNOSSOS-EU, -NL�l�g
Nord �b�`�º34�b���œ�[�6�•���G�€�}�c>* 40, 80 km/h�ì
�b LEA �_�P�K�Z>*�Q�€�R�€ 60 km/h�ì�b �ûLWA( f )�†#Ý�8
�Z0£'ì�K�S�Q�€�\�b�j �ûLV>&
² 105 !l�[�b�¹�’�Í>*�q
�±�í�q�`�Í>'�†�Ó�u�S�v�b�[�6�•��  
� � � G� €� |� ~> *�ûLWA( f )�b�*8b�B�(�@%&�P$×�_�±�A�C�^�•
40 km/h�ì�b �ûLV �c�Q�•�K>*3ë�_�`�I�C�^�• 80 km/h�ì
� c � * �W �M� • 
 4 �¥ �@&�1 � � [ �A � • � � � 6 �U>*3ÿ �Ø �_ � | � •
�ûLWA( f )�b�š�ì�†*ƒ�Ö�K�S���œ>*�Q�b�j�@ LEA �b0£'ì�Í
�_#'�€�Z�C�•���K�?�K�^�@�}>*�Q�b�j�@8§--�_�^�•�b�c
�¾8b�ö�…8�>&�1e �Ê 300>'�b���œ�[>*3û�–�b�£ ��²�ó�[�•
���I�€�•�o�U�ö�…8�>& �1e �Ë 1,250>'�[�b �ûLV �c�q�±�[ ±3 
dB>*�¹�’�[�c ±1 dB�è�W�\
9�?�[�6�W�S��  
�������� 7€�h�\�…/²8��_�|�•2x4#�ö/¶�_%T% �K�S�è0¦��
� � � �� _> *� …/ ²8 �� _� •� <� Z7 €� h� _� |� •� G� ¡�  � Ý� †* ƒ� Ö� K
�S LEA �†0£'ì�K>*�›�Ô�¹�Ý�b LWA( f )�b4*�8�_%T% �K�S
�è0¦�†/œ�W�S��  

� � � W10 �_&g�M�|�:�_>*�¹� �^�…�g�_9×�I 3 m�b7€�h�@
0¿*(�I�€�Z�8�•�\�•���K>*�£ �!l P1 �_�?4)�M�•8b�}�Þ
�Ë�Ý LA( f )�† 4 �X�b�G�¡)�2°�?�}�B�•8b�� �ö�5>| �ö�8�b�ô
�[>*�Q�b LEA( f )�c�' (6)�|�~�Ó�u�S  13,17)��  
 

�.�E�á�Ü�:�B�; 
L �s�r���Ž�‰
l�s�r�Å�È�= �:�Ù�; �5�4�¤ �®
�+�Ã �%�Ù

�0
�Ù�8�- �+

�.

�8��

p  (10) 

�ö�5 
 L � &�5
�Ø�Ô�Ö�Ã�-

�Ë�-
 >* �����ö�6 
 L � &�6�3�Ú�ã

�Ø�Ô�Ö�Ã�.

�Ë�.
 (11) 

�ö�7 
 L � &�7�3�Ú�æ
�Ø�Ô�Ö�Ã�/

�Ë�/
��>*  �ö�8 
 L � &�8�3�Ú�æ�3�Ú�ã

�Ø�Ô�Ö�Ã�0

�Ë�0
 (12) 

 
� ' �p�b D1>| D4 �c>*7€�h�b8l! l �_�>�E�•�G�¡�€�X�[
Kouyoumjian�b ž3Æ0Ž�?�}�Ó�u>*8b ;�í�w8b!l
��b�…8�
�_�|�•8b�}�o�U�€�X �3�Ú�æ, �3�Ú�ã�b0£'ì�c>*
›�b�è0¦�\� �]
�[�6�•��8b ;
��b�…/²8��b �1e �c 20,000 kPa>ƒs/m2>*�w8b
!l
��c 4 '�8®>&20,000>+75 kPa>ƒs/m2>'�\�K�S��  
������������ �"$Î9•8b�@7â�Þ�Ë�Ý �/EA �b�š3Q��
� � � W6 �\� �²�ó�[0£'ì�K�S2x4#�ö/¶�\>*�Q�€�?�}�Ó�u
�S RTN-Model�b�`�º34�b LEA �b)��Ý�†�W 11 �_&g�M��2x
4#�ö/¶�c>*�G�¡� �Ý�_�|�~�Ø�<�X�\
¹�_�Q�±�K>*�…/²8�
� �Ý�b4*�8�c 125>| 500 Hz�Ü3Æ�_#'�€�•���K�S�@�W�Z>*
�›�Ô�¹�Ý�?�}�Ó�u�S LEA �b�j�c>*�*8b�?�}�p8b�æ�[�b
LWA( f )�b4*�8�_�|�•�v�b�\*ƒ�<�}�€�•��  
� � � W12 �c>* RTN-Model�b�›34'��b LWA( f )�?�}�Ó�u�S  

/² 4�� RTN-Model �\�b�Þ�Ë�Ý�j �ûLEA �l�g �ûLWA 

>&�`�º�í�±�º34>'  

 �ûLEA [dB] �ûLWA 
 75 300 1250 20000 [dB] 

(a) Light vehicles 

CNOSSOS-EU 2.2 1.7 1.4 1.6 1.7
CNOSSOS-NL 2.4 1.7 1.7 2.1 2.3
CNOSSOS-FR 2.4 2.6 2.2 1.2 0.9
sonROAD 0.3 0.2 0.0 0.1 0.1
Nord 1.1 0.2 -0.4 -0.4 -0.1
Harmonoise 0.5 -0.5 -1.5 -2.0 -1.9
(b) Heavy vehicles 

CNOSSOS-EU 1.8 1.2 1.1 0.9 1.0
CNOSSOS-NL 1.9 1.4 1.6 1.6 1.7
CNOSSOS-FR 1.8 1.5 1.3 1.1 1.2
sonROAD 0.4 0.0 0.2 0.4 0.4
Nord 2.1 1.6 1.2 0.2 0.1
Harmonoise 2.0 1.5 0.8 -0.4 -0.5

!
�W11� � 2 x4 #� ö/ ¶� l� g� `� º3 4� b�/EA �b0£'ì�[>&�£ �!l Pyz: 22.5, 1.2 m>'  

!

!
�W12� � 3 4' �� 9� bLEA �b�š3Q>&CNOSSOS-EU, �`�º�í�p�º�í�±�º34 , 2n/œ3ÿ�Ø: 60 km/h>'  

!

105!l�[�b LEA>&V = 60 km/h>'�\ CNOSSOS-EU�_�|�•
�Q�€�}�\�†�š3Q�K�S)��Ý�[�6�~>* �ûLWA �v�G�O�Z&g�M��
7€�h�@�6�•���œ�_�c>*�G�¡� �Ý�b�s8j�@�-4Ä$×�_�^�•
�G�\�?�}>*�…/²8��b'�8®�_�|�• LEA �b�j�c�`�I�8�� �r�S>*
RTN-Model �\�b�¹�’�Þ�Ë�Ý�j �ûLEA �c 1.0>| 1.6 dB�\
9
�?�[�6�~>* �ûLWA �\�v�š�ƒ�}�^�8��  
������������ 2n/œ3ÿ�Ø�_���: �/EA �b�Þ�Ë�Ý�š�ì��
�� CNOSSOS-EU�b�`�º34�†�[�_>* �ûLWA( f )�b3ÿ�Ø�k�Ñ
�ö�_�|�• LEA �b�š�ì�†'ì���K�S�� �W13 �c>*�W9 �\� �]>*
3ÿ�Ø 60 km/h�ì�b �ûLWA( f )�†�ö =�_�K�Z 40, 80 km/h�ì
�b�Q�€�}�\�b4*�8�_�|�• �ûLV �†�Ó�u�S)��Ý�[�6�•��7€
�h�\�…/²8��_�|�•2x4#�ö/¶�†*ƒ�Ö�K�S���œ>*�W 9 �_�š
�m>*�ûLWA( f )�b3ÿ�Ø�k�Ñ�ö�_�|�• LEA �b�š�ì�c
²�/$×�_
�`�I�C>*�Q�b&ì�Ø�c�q�±�[�v�s 2 dB�[�6�W�S��  
� � � è� V> *� ¹�  � ^� …/ ²8 �� V� [� b9 •8 b� �� ™� †� •� �� K� S� ©� Ñ
�×�Þ�î�©�Ù�å0£'ì�?�}>* LWA �b�j�c0£'ì)��Ý LEA �b�Q�€
�\�+�a�M+´�M�•���6�U>* RTN-Model �[�G#Ý�I�€�Z�8�•
8b ;�b�Ø�<�X"I�ö �ûLWA( f )�c>*�"�^�b�Ô�¹�Ý�b�Q�€�\�š
3Q�K�Z�v�±�A�^�‹7³�c�^�C>*�w� �^8b ;�Ô�¹�Ý�b�M�X
�[�6�•�\0•�<�•��  
 

  
�W13�� �ûLWA( f )�b3ÿ�Ø�k�Ñ�ö�_2s�I�M�• LEA �b�Þ�Ë�Ý�š�ì  

>&�`�º34 , �ö =3ÿ�Ø : 60 km/h>'  

���� �£ �(­�Ø�_�$�Z�M�•�s8j0[�I��
�������� �� ��¹�î�±�_�ö�Y�C*ƒ�9��
� � / ²5 �c>* 50 �Ž�è�V ����[�A�S 37 �?�d�[�b�¹�’3ÿ�Ø
VA �\�† =�ë�j V�1�†�Ó�u�S�[�[�6�•�� ����c�z�_"&
� 1
34)z4(�[/œ�ƒ�€>*
²�/�b�¹�’�Í�c VA �@47.9 km/h>*V�1�c  
6.8 km/h�[�6�W�S���r�S>*�W 14 �c�� ��¹�î�±�b(ü'�&�
"á�(�x�[>*�G0d&�"á�b�Q�€�\�š3Q�K�Z&g�M���G0d�ö�@1�
�u�}�€�S'à�d>&�[>8 R22>'�c
²�/�b 4 �m�[>*�Q�b�Ú�c1�
�u�}�€�^�?�W�S>& R27>'���̂ �>>*�Ò�G�b�è0¦�[�c>*2n/œ3ÿ
�Ø�c�G0d�(�x�_�‘�:�\�•���K�Z>* VA = 50 km/h>*V�1 = 7.0 
km/h �\�K�S'¼�o9•8b�Þ�Ë�Ý LAeq>&�º3û5� 1,000�Ž /h>'�b
0£'ì�†/œ�:�G�\�\�K�S��  
�������� 2n/œ3ÿ�Ø�(�x�†*ƒ�Ö�K�S�£ �0£'ì��
� � � �� ™0 £' ì� c4.1 �\� �]�_�…/²8��b2x4#�ö/¶�†*ƒ�Ö�K>*
9×�I 1.2 m�b!l>&�È�¹2¥7³ y = 7.5>+107.5 m>'�[�b LAeq

�†>*�"�^�b8b ;�Ô�¹�Ý�b �ûLWA( f )�†#Ý�8�Z0£'ì�K�S��  
� � � W15 �c>*2n/œ3ÿ�Ø�_�|�• �ûLWA( f )�b�š�ì�†*ƒ�Ö�K�S  
1 �Ž�\�S�~�b LEA,S �\>*�›3ÿ�Ø�b2n/œ�Ž�X�@�G0d�(�x�_
�‘�:�\�K�S���œ�b LEA,M �[�6�•���G�€�}�c>* Nord �b8b ;
�Ô�¹�Ý�†#Ý�8�Z �1e �† 300 kPa>ƒs/m2 �\�K�Z0£'ì�K�S�[>& y 
= 47.5 m>'�[�6�•���r�S>*�W�p�b%Ú)z�c>* �ûLWA( f )�b�š
�ì�†!“0i�K>*�¹�’3ÿ�Ø 50 km/h�ì�b�Q�€�†#Ý�8�S�Í�[�6
�•��
›�_3Ù�m�S�|�:�_>* 1 �Ž�\�S�~�b LEA,S �c>* �ûLWA( f )
�b�*8b�B�(�@%&�P$×�_�±�A�C�^�•�*3ÿ�ì�c%Ú)z�_�š�m
�Z�Q�•�K>*9×3ÿ�ì�c3ë�_�*�W�M�•���M�‰>*3ÿ�Ø�H�\�b�º
3û5�>&V�1 = 7.0 km/h>'�†*ƒ�Ö�K�S LEA,M �c>* VA �b�S�‹�[
3ë3?�M�•�G�\�[>*�¾8b�ö�…8��b���œ�[�v LAeq �b4*�8�c
0.1 dB>&= �ûLAeq>'�[�6�W�S���6�U>* �ûLWA( f )�b3ÿ�Ø�k�Ñ
�ö�c>*�""‚34�g�b LEA,S �b)��Ý�_�c#'�€�•�@>*�›3ÿ�Ø�b
�º3û5��?�}�Ó�u�S LAeq �[�c!“0i�[�A�•&ì�Ø�[�6�•��  



/² 5� � � ¹� ’3 ÿ� Ø�9A �l�g�† =�ë�j �9�1�b�� ��[  ( ���'à�d�† �9�1�[7F8p , n: ����Ž�X ) 
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�W15�� �û�/W( �I) �b3ÿ�Ø�k�Ñ�_�|�• �/�(A �b�š�ì��

(Nord, �1e = 300 kPa>ƒs/m2, �\, �] = 47.5, 1.2 m) 
 

 
 
� � � r� S> */ ²6 �_>*3ÿ�Ø�(�x�†*ƒ�Ö�K�S LAeq �\�M�Š�¹�’
3ÿ�Ø 50 km/h�[2n/œ�M�•�\�K�S���œ�b�Q�€�\�b�Þ�Ë�Ý  
�j �ûLAeq �†&g�M���G�b�S�f�_�>�8�Z�v>* �ûLAeq �c 0.2 dB
�è�W�[>* 14 km/h>&= 2V�1>'&ì�Ø�b�d�}�X�A�@�£ �)��Ý�_
�l�p�M�s8j�c�`�I�G�\�@�ƒ�?�•��  

 
���� �r�\�u��
� � � C� @� \� _� >� E� •4 (2 °� º3 û9 •8 b� b� £ �� 2� [� 6� •RTN-
Model �[#Ý�8�}�€�Z�8�•34'��9�b A "I�ö8b8j�Ã�á�î�Þ
�Ë�Ý LWA �\�"�^�b�£ ��2�_�>�E�•�Q�€�}�\�†�š3Q�M�•
�\
¹�_>*�…/²8��x7€�h�_�|�•2x4#�ö/¶�†*ƒ�Ö�K�S�"$Î
9•8b�@7â�Þ�Ë�Ý LEA �†0£'ì)��Ý�K>*�Ã�á�î�«�Ì�¡�º�Ý
LWA( f )�b4*�8�v�è0¦�K�S���I�}�_>*��4(2°�[�b9•8b ���
�¹�î�±�†�ö�_>*��7•�b�º3û"g�#�†*ƒ�Ö�K�S7•�b'¼�o9•
8b�Þ�Ë�Ý LAeq �b�š�ì�†&�1��K�S���G�€�}�b�è0¦�?�}>*
���b�G�\�†�Â�}�?�_�K�S��  
 
1) RTN-Model �b LWA �c>*�"�^�b�Ô�¹�Ý�b�Q�€�_�š�m>*

�›34'��\�v�¹�’�[ 1 dB &ì�Ø�*�C>*3ÿ�Ø 50 km/h�è
�W�b���œ�_�c�q�±�[ 3 dB�b�j�@#Õ�L�•��  

 
2) �…/²8��_�|�•�ö/¶�†*ƒ�Ö�K�S���œ>*�¾8b�ö�…/²8��†

�•���K�S42�‰�[�b0£'ì)��Ý LEA �c>* �ûLWA( f )�b4*�8
�_�|�W�Z(Ù 4 dB�š�ì�M�•!l�_�c�@�–�@�²0[�[�6�•��
�M�‰�[>*�w/¤�…�^�]�b�o�U�ö�…8��†�•���K�S���œ�_
�c>* �ûLWA( f )�b�š�ì�_�|�•�s8j�c
9�?�[�6�~>*�›�Ô
�¹�Ý�b LWA �b�j�@0£'ì)��Ý LEA �_#'�€�•��  
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3) 7€�h�†�•���K�S���œ>*�G�¡� �Ý�_�|�•�s8j�@�-4Ä$×
�_�^�•�S�u>* LEA �b0£'ì)��Ý�c LWA +¬�/�b�j�\�o�p
� �L�[>*�…/²8��b'�8®�_�|�}�N>*�›�Ô�¹�Ý�b �ûLWA( f )
�b4*�8�c!“0i�[�A�•&ì�Ø�[�6�W�S��  

!

4) � �7• �_2n/œ�M�•34�g�b2n/œ3ÿ�Ø�b�d�} �X�A�c 7 
km/h &ì�Ø�[�6�•�G�\�@&�1��[�A>*�Q�€�_�|�• LAeq

�l�b�s8j�c 0.1 dB�è�W�\
9�?�[�6�W�S��  
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K# L8! M//?/C>! /?! <08$! @A-CC/E?GDN! ?;/! A*O&&O&+HI! C-<.!D-G>/! /FG>>G-D!

P<0=/>$J!MC-E!-B!H=C-D-G>/!12"3!612"3#8!

Q# �œ�Û�å�²�;�Ó ! 6OP/C;/G.$D0#$!;??:>RSST/??/D8-P/C;/G.8D0SLUL(22K"411S!

12"7+2"+2"VLGW0<N/XYY!6121K82"!�g!· #8!

/² 6�� 3ÿ�Ø�(�x�†*ƒ�Ö�K�S LAeq �\�¹�’3ÿ�Ø VA 

�[0£'ì�K�S�Q�€�\�b�Þ�Ë�Ý�j  (1,000 �Ž /h) 

 �ûLAeq 
 75 300 1250 20000 

CNOSSOS-EU �” 0.1 �” 0.1 �” 0.1 �” 0.1 
CNOSSOS-NL �” 0.1 �” 0.1 �” 0.0 �” 0.0 
CNOSSOS-FR �” 0.1 �” 0.1 �” 0.1 �” 0.1 

sonROAD �” 0.1 �” 0.1 �” 0.1 �” 0.2 
Nord �” 0.1 �” 0.1 �” 0.2 �” 0.2 

Harmonoise �” 0.1 �” 0.1 �” 0.1 �” 0.1 
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