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Figure 1. Manual loading proceses, 1.travel to log, 2. Log pick up 3,log tranportation, and 4. loading   
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 @�A  6A	�0�	  -  ���  ��  Jf�^�  �	�$  J!��5%    ���  ��$


&�:�C  )HRR  (%�	�����  2	  .��  ���[0�	   �	�����  

J0�	�<  ��   J$N�%  15  Jf�^�  ���$  -  6A	�0�	    ��

�-�$)  J&�	   6��A  ���   �:�L   ���$   ��   �����  

(��&$  �>  ��$�_  ]�^   +!^  2	  ���  ��   6Y�A   6A	�0�	  

)HRr  (�2	��	����    ���)Çağlar, 2021  .(  ��$�_ h��

  �� 6A	�0�	 .��= �� ]�^10    2	 
����H Jf�^�15    Jf�^�

�2	��	 6A	�0�	  �� ����)Kirk and Parker, 1996; 

Kirk and Sullman, 2001; Stampfer et al., 2010 .(  

��$�_  I�A  ��  ]�^  ���  )HRw  ( �	�$  +�   N���M/  

  +O	�C  ��  ������$30  J���`�	  6!`  ��  .��   ����H  

N���M/  ������$  I�����%    ��� I�A �� ]�^ ��$�_ h��

�	�$  .��  J!��5%  ���  �	:�	  �	�$  �����  �=   J���$  

��$�_  ���  I�A  ��  ]�^  )HRmax  (�$  �7�   I� 

�	�����  2	  220  J!��5%    ��)Arman, 2021; Kirk 

and Parker, 1996  .()  
&�:�C  ���  ��$  �	�f%HRR  

(�O��  J$�	�/  �	�f%  #��%  
�O	  ��  I��L   U=-VH  

�� ���% ���C J$��> 
&�X�Y��:�C ���  4��>  �	�����  

+��  G�	:�    ��)Spinelli et al., 2015; 

Magagnotti et al., 2016.(  �	�$  s�O�>   ��&�M/  


!�^  �����  HRR  �O��   J$�	�/   
a<��  ���[0�	   ��  

J� ��&%	 J7��f% W�f07% I�$ U=-VH 65> �	�����  	�  

W=	�C  
%  ��)(Çalışkan and Çağlar, 2010.    �	�f%

 J8$	� 2	 ���[0�	 �$ 
&�:�C ��� ��$2  �� J!��5%.  

) �8$	�2 (  %HRR =
HRw − HRr

HR max − HRr
× 100 

Jf!"  @-�� J$  J��>  �$  ���  
&�:�C  ��$2    2	  -

����f%  �-�  J$  (�O��)  
&�:�C  ���  ��$  �%3  6��

)Sullman and Byers, 2000; Çalışkan and Çağlar, 

2010.(    ���>  b<��  -  I�  ��2-  ����f%  
�07!M=

b<�� �$ ����� 
��$ ���[0�	 J$ ]�^ ��$�_ h�� ��=

  @�M0A	  i8�  ��  -  �����H  
�07!M=  ]��_  2	95  

 .�� 
���$ �O��  

  

 @-��2- Jf!"��� 
&�:�C ��$  )Caliskan and Caglar, 2010 (  
Table2. Physical classification of work  

Jf!"   ��� 
&�:�C ��$
Grade of work 

  ��� T�a% �X��	

 (Jf�^� �� ��Y������) 

Energy consumption 

(kcal/min) 

 �� ��� T�a% �X��	8   

 (��������) 6/�� 

Energy expenditure 

8h (kcal) 

 ]�^ ��$�_ h��

 (Jf�^� �� Ue>) 

Heart rate 

(beat/ min) 

 
&�:�C ������$

 (�O��) 

Physiological 

workload (%) 
 6A	�0�	 

Resting 
1.49 720 ≥ 50-60 0-10 


��< Z!�  
Very light work 

1.5-2.49 720-1200 60-70 10-20 

Z!� 

Light work 
2.5-4.99 1200-2400 70-90 20-30 

]��% 

Moderate work 
5-7.49 2400-3600 90-110 30-40 
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 �%	�	 @-��2.   
Continued table 2. 

Jf!"   ��� 
&�:�C ��$

Grade of work 

  ��� T�a% �X��	

 (Jf�^� �� ��Y������) 

Energy consumption 

(kcal/min) 

 �� ��� T�a% �X��	8   

 (��������) 6/�� 

Energy expenditure 

8h (kcal) 

 ]�^ ��$�_ h��

 (Jf�^� �� Ue>) 

Heart rate 

(beat/ min) 

 
&�:�C ������$

 (�O��) 

Physiological 

workload (%) 
 I��� 

Heavy work 
7.5-9.99 3600-4800 110-130 40-50 


��< I���  

Very heavy work 
10-12.49 4800-6000 130-150 50-60 

x�C I���  

Extra heavey work 
≥12.5 ≥ 60000 ≥150 ≥ 60 

 

 >���(  

  @-��3  �0��g  ���$ ��� J$ v�$�%���  %��� ��    G-� J$

0��
    ��  J� ��� 2-��  % ���� 	�
�=�  .596  ����  J�$

  ��J�    4��>  - (���%�� Z� 2-� �=) ����  2-�12  

  .-� �@-	 ���%�� ������$ .�� ������$ s�0?% �����

J$ .�� -  ]�>�>41/6  �44/6    -65/6    ���� @�" 6/��

  ��Y�> -J$ ���%�� J� 
0/��  ]�>�>8/2  �89 /2    -82/2  

 .��$ ] &%�0%  

  

@-�� 3-  I�����%) 
���$ ���% Jf8% �� 
0�� ������$ ��� U=-VH g��0�±  (��� % T	�5�	  

Table 3. Result of manual loading work study in study area (mean ± standard error) 

 �=��t0% N�a?�% 

Variables pecification 

 @-	 2-� ������$ 

First day loadiong 

 .-� 2-� ������$ 

Second day loading 

 .�� 2-� ������$ 

Third day loading 
���� �	� > J�$  

The number of logs 
213 201 182 

���� �8^(�0% 
0���) J�$  
Log diameter (cm) 

5.5±34.8 6.2±35.5 7.5±32.6 

���� W�A (] &%�0%) J�$  
Log volume (m3) 

0.04±0.07 0.04±0.08 0.06±0.1 

(J���`) ��$ 6M� J$ 6��A 

Travel to log (s) 
3.5±13.2 4.5±13.5 5.2±16.6 

(J���`) ��$ ���� ��$ 

Log loading (s) 
8.7±30.6 9.6±32.1 9.9±39.5 

(J���`) ��$ @�f0�	 

Log transportation (s) 
10.3±34.6 8.3±36.2 10.2±43.8 

(J���`) ������$ 
Loading (s) 

5.6±19.9 6.1±24.2 5.4±22.9 

 (J���`) �=��<|> 

Delays (s) 
28±101 37±89 43±77 

 (6/��) ������$ ��%2 

Total loading time (h) 
6.41 6.44 6.65 

 (] &%�0%)
0/�� ��Y�> 

Hourly prodiction (m3) 
2.8 2.89 2.82 
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  @-��4  b<��  J$  v�$�%  ����f%  s�0?%  ��=

b<�� - Z�C	���%�  �= �	�$  ]�^ ��$�_ h�� ��=


% ���� 	� U=-VH ���% �	����� 2	 Z�  I�����% .�=�

  �	����� �2-24/15±  84   �^ I�����% �.������20 /4 ±  

33/172   
0���  �	����� I� I�����% ��0%14/6 ±83 /44  

  �	�����  
��$  ���>  b<��  I�����%  -  @��

94/5 ±40/28    h��  I�����%  .��$  #$�%�0%  �$  .������

  ���� �6A	�0�	 .��= �� ]�  ̂��$�_J���$    ��$�_ h��

 J$  ]�^  ]�>�>83/1±42/79  �69/6 ±41/132    -

69/6 ±16/175  Jf!" . ��$ Jf�^� �� Ue>  
&�:�C ��$

  b<�� �$ ���%�� J$ 
0�� ������$ ��� J� �	� ���� ���

55   
��<  ���  J���  ��
%  �	�^  I���  @-��)  ����

2   .(  

  

 @-��4- b<����= h�� J$ v�$�% ��$�_  ]�^ �	����� )12=n (  

Table 4. Indicators related to the heart rate of workers (n=12) 

s
��� 

R
o

w
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 (.������)
 

W
eig
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) 

 

�^
(�0% 


0���)
 

H
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��$ ���> b
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B
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d
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 m
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d
ex

 (k
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/m
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 (@��)

 

A
g

e (y
ear) 

(Jf�^� �� U
e>) ��� .��= �� ]

�^ ��$�_
 

W
o

rk
in

g
 h

eart rate (b
eat/m

in
u
te) 

 

 �� U
e>) 6

A	�0�	 .��= �� ]
�^ ��$�_

(Jf�^� 

R
estin

g
 h

eart rate(b
eat/m

in
u

te) 

J���$
 

 (Jf�^� �� U
e>) ]

�^ ��$�_
 

M
ax

im
u

m
 h

eart rate(b
eat/m

in
u

te) 

 

 (�O
��) 
&�:�C �

�����$ 

%
 h

eart rate ran
g

e 

 

1 109 165 40.0 56 143 79 164 75.29 

2 75 172 25.4 34 128 80 186 45.28 

3 82 177 26.2 44 136 79 176 58.76 

4 75 175 24.5 39 127 79 181 47.06 

5 102 175 33.3 52 140 79 168 68.54 
6 88 176 28.4 43 133 80 177 54.64 

7 74 176 23.9 50 131 83 170 55.17 

8 66 170 22.8 45 120 79 175 42.71 

9 69 169 24.2 41 128 81 179 47.96 

10 74 169 25.9 50 133 80 170 58.89 

11 84 177 26.8 42 129 79 178 50.51 

12 110 167 39.4 42 141 75 178 64.08 

 I�����% 
Average 

84.00 172.33 28.40 44.83 132.41 79.42 175.16 55.74 

 

  ����  @�A  ��  ]�^  ��$�_  h��  N	���t>  
���$

  �6A	�0�	J���$    �����  I�  �$  
&�:�C  ���  W�A  -

  �� ]�^ ��$�_ h�� ����� I� U�	:C	 �$ J� �	� ����

) U=�� ��� .��=039/0=ɑ  (
%  +&�) �$��2.(    
���$

  �6A	�0�	 ���� @�A �� ]�  ̂��$�_ h�� N	���t> J���$  

  ���� �	����� 
��$ ���> b<�� �$ 
&�:�C ��� W�A -

) ��� I�A �� ]�^ ��$�_ h�� J� �	�001 /0=ɑ (  J8$	�

  �	�����  
��$  ���>  b<��  �$  
M�f07%  -  �	�  
 %

  +&�)  6�	�  U=-VH  ���%3.(    h��  N	���t>  
���$

  �6A	�0�	 ���� @�A �� ]�^ ��$�_J���$   ��� W�A -

�$ 
&�:�C � �	����� �2-  ]�^ ��$�_ h�� J� �	� ���

)  ���  I�A  ��000 /0=ɑ  (  -J���$    ]�^  ��$�_  h��

)045/0=ɑ  (
 % J8$	�  �	����� �2- �$ 
M�f07% - �	�

 +&�) 6�	� U=-VH ���%4 .(  



&'���()  *��+    ��� ����� ���	
 � ����9  ����� �2  

182 

 

 

+&� 2- N	���t> J8$	�  ����� I� �$ ��� @�A �� ]�^ ��$�_ h��  

Figure 2. Changes in working heart rate and physical workload with worker weight 
 

 
+&� 3-  
��$ ���> b<�� �$ ��� @�A �� ]�^ ��$�_ h�� N	���t>  

Fig 3. Changes in working heart rate  with worker body mass 

 

 +&� 4-  ����� �2- �$ 
&�:�C ��� W�A - ��� @�A �� ]�^ ��$�_ h�� N	���t>  

Figure  4. Changes in working heart rate and physical workload with worker weight 
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 ?@�  

  2	  
&�  6A	�0�	  ��-�  ��  ]�^  ��$�_  J!��5%

b<��U=-VH 2	 +�!^ I�	 �� W,% ��=  �=�6�	    	��2

b<�� ���� �� U=-VH - 
$��2�	 �	�$  �$ 4!>�% ��=


% �	�^ ���[0�	 ���% ]�^ ��$�_) ����Arman et al., 

2021  6A	�0�	 6Y�A �� ]�^ ��$�_ h�� I�����% .(

  ��12  U=-VH  ���%  �����  42/79    Jf�^�  ��  Ue>

.���	  
���$  ��  �	�f%  I�	  J�  ��  J!��5%  ���

4��>Arman et al. (2021)   46/70    - Jf�^� �� Ue>

  ��U=-VH  Melmez and Tunay (2011)  �5/70    Ue>

  h��  I�����%  
���$  I�	  ��  .��  G�	:�  Jf�^�  ��

  ���  .��=  ��  �	�����  ]�^  ��$�_41/132    ��  Ue>

.���	 U=-VH .�� J!��5% Jf�^�4��> ���Arman et 

al. (2021)   &�:�C ��$ 
$��2�	 T�= �$  #8^ �	����� 


+�� �� ��7&� #8^ N���M/ @�" �� 6<��  w�� ��=

�	��	  @�M��  �� ]�^ ��$�_ �	�f%  I�����%I�A  	�  ���

  6<��  +��!>  N���M/  ��7/117   ��  �Jf�^�  ��  Ue>

6�H N���M/  ��$6/115    N���M/ �� - Jf�^� �� Ue>

I$  
�28/114    g��0� I�PM= .�	� ���� Jf�^� �� Ue>

  
���$Christie et al. (2010)  JO�/ ��  6�	��$ ��=

��f��C3 ���� ��  ���� 
$���	�    ��$�_ h�� I�����%

  ������$ .��= �� �	����� ]�^6 /117    Jf�^� �� Ue>

  U=-VH  ��  b<��  I�	  �	�f%  .6�	Eroglu et al. 

(2015)  ��,$  U?$  �	�����  ��  ��  +��  2	  ��	��$

 J���> ����97  �� - Jf�^� �� Ue>    U=-VHCheta et 

al. (2018)  ��,$ U?$ �� +p�� �	����� �	�$  ��	��$

  
��%-� ���� �� +��1 /107    G�	:� Jf�^� �� Ue>

  ���� 
���$ I�	 g��0� .���	�    ��� ��$ I�����% �	�f%

  ��  
&�:�C12    U=-VH  ���% �����55    .6�	 �O��

  U=-VH �� b<�� I�	Arman et al. (2021)  54/43  

�� - �O��    U=-VHCheta et al. (2018)  46    �O��

  .��  G�	:�Leszczynski and Stanczykiewicz 

(2015)    �	�f%  
&�:�C ������$ �>\�$�  	�$ 	� �    �	�����

�M/  ��  +���N�  Z>����  Y-	�J  )69/48  �O��  (

 �M/ J$ 6!7��N�  Z>  �,� 
�  )61/41  �O��  G�	:� (

�����. Spinelli et al. (2015)  ��  
���$  !8>�f 
  

� > ��=�`	 �u  -����=  �^� M
  - �$��  �� ��    ����

% J� �	� �����I    ��$�_  
!7��	����� ]�^  ��I�A �$ ���  

  �� ���L  I���H - \�$  J$ -� 
�&$�L� �$�W07  -� �  

���� �^ -�W $�I 44  �>46 t0% �O�� �� .6�	 Cheţa 

et al. (2018)    I�A �� �	����� 
&�:�C ��� ��$ I�����%

+��  ��  ��7&�  #8^  �������  ����  ��  �$�O ��=

  �\�$  	�  J���>46  ���  G�	:�  �O����  J$  J��>  �$  .

  b<�� I�	 ����2	 - ��� .��= �� ]�^ ��$�_ U�	:C	

 .���	 6�Y� C N�� �$ ]��0% 
% I�L I�	 ���� �	�>

�$�_ U�	:C	 
H �� J� ��� ���$  6�Y� C �`	 �$ ]�^ �

  }� % �� �0��$  �	����� 6!7� ��M= J$ 
��$  ����


0�&�	  N\�0<	-
%  
��{/  �$  .�����  �	�^  ��	�>

Jf!" - g��0� J$ J��>
% ��� 
&�:�C ��$ ��/~	 �	�>

�� ���%�� J$ 
0�� ������$ ��� J� 6�	�  Jf!"  ���  ��=


��<���- �$ .��	� �	�  ̂I���  �f%�J7  	���  �U=-VH -

��=  J$  J$��%Y��+  2  �	� >���  C  +%	�/ �:�&
�  C
   -

��a0^	�  �$ J� ��  2�	 ����� J0C�� �S� ���$�
    ��� W�A

C�:�&
  7$ N�/�"	���  M,%
  % J�	�	 	�
�$ J� �=�� �  

	�$�  	�� ��!,$�4  ��� �  ���� �	�^ �S� �%	 �� .� I  %2� J  

%
�y-  �	�>�s  A� >�
  ����  	�
�    N�%	�^	  -  ���

A�O	
  J$ 	�J$ �%3��� - ]��% ��" .��-3 6�� 

���$
  t> ��N	�   @�A��  ]�^  ��$�_  h�� ����

  �6A	�0�	J���$  ]�^  ��$�_ h��    -  ���  ��$  I�����%

  
&�:�C  �$  �	�����  I�  J�  �	�  ���� -  W�f07%  J8$	�


 %  I�A �� ]�^ ��$�_ N�� - ����� I� I�$ ��	�

.��	� ���- ���  U=-VHLunde et al. (2016)     	� I�

J$  �	�/� &
  W,%  2	�>�I  %  +%	�/�C  ��$  �$  �` �:�& 
  

���� ��8% +�� �	�����  �	����� I� U�	:C	 �$ .��	
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T�8 �	 6� _-  -  J0C��  U=��  �	�����  ��$  ���;H

s� _  
��$
0�&�	  N�&�%  Q���  ��> -  	�  
��{/


%  ����>)  ��Arman et al., 2021  .(  I�	  g��0�

 ��� I�A �� ]�^ ��$�_ h�� ���% J� �	� ���� U=-VH


 % J8$	� 
��$ ���> b<�� �$  ���- 
M�f07% - �	�

  
���$  ��  .��	�Arman et al. (2019)   +$�f0%  �`	


0�&�	 N\�0<	 2-�$ - ��$ ���> b<�� -  
��{/

  ��  
��$  ���>  b<��  U�	:C	  �$  
 �  .��  G�	:�

��$�_  h��  �	�����    :��  
&�:�C  ���  W�A  -  ]�^


% U�	:C	  ���> b<�� I�����% U=-VH I�	 �� .�$��

  �	����� �� 
��$40 /28    �� ��-3�$ #$�%�0% �$ .������

  U=-VH  ��  �	�f%  I�	  J�and Cuglar (2010)  
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Abstract 

Despite progress in full mechanization, motor-manual logging technologies still dominate in many 

countries. Motor-manual timber harvesting is considered to be one of the most dangerous working 
operations. The aim of the study was to investigate the physiological workload of a worker during 

manual loading in poplar plantation stand in north of Iran. Physiological responses were assessed on a 

sample of 12 workers manual loading during a normal working shift. Polar heart rate monitors were 

fitted over a period of a week in order to record ‘working’ heart rates. The collected data were used for 

the calculation of heart rate indices that determine the strain of the subjects. The average mean heart 

rates during work time, rest time, and maximum heart rate were 132.42, 79.42, and 175.16 bpm 
respectively. The results showed that the mean level of physical workload was 55 which correspond to 

very heavy work. The study results also showed that age and body mass index of workers is significantly 

effective on HRw and weight of workers on HRw and HRmax, respectively. The results revealed high 

physiological demands of manual loading. Increasing the mechanization level with investment in 

modern equipment may be proving beneficial enhancing workers health and safety. 

Keywords: Heart rate, Forest loggong, Poplar planation, Ergonomic. 
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