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 Traditional method New method 

GPS measurement 

 

GPS correcting station sends correction to GPS measuring 
stick or GPS excavation system 

Measuring equipment 

 

GPS measuring stick 
 

GPS excavation system 

Markings 

 

Pegs, sledgehammer, spray 
and felt pen 

No need for markings 

Laser measurment 

 

Height laser and measuring 
stake 

No need for markings 
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Total station 

 

VS total station which can both scan the 
surface and measure to a mirror. The station 

was used to measure trenches to keep track of 
volume. 

Messuring stick 

 

Measuring stick with data module and 360° 
mirror. Measuring stick is used to control the 

VX total station. 
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General surveying  

 

Measuring 

Time used for all the measuring 

 

Use of fuel 

Caterpillar 330DL 

Moving of soil  

 

Excavator 

Total time 

Removing 

Estimated volume of sand under pipe laying 

Deviation from design  

 

Measured deviation 

The trench measured to check deviation from 
design 
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Description Quantity Units 

Total usage 2559 Hours 

Total fuel 60804 Liters 

Starting of machine 1715  
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Comparison of time between methods 

Traditional way New way 

Excavation 
of trench 

Finishing of 
trench 

Sum Excavation 
of trench 

Sum 

Difference 
between 
methods 

 

Time 04:18:30 04:14:00 08:32:30 06:35:00 06:35:00 01:57:30 
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Comparison on use of fuel between methods 

Traditional way New way 

Excavation 
of trench 

Finishing of 
trench 

Sum Excavation 
of trench 

Sum 

Difference 
between 
methods 

 

Time 196 L 151 L 347 L 270 L 270 L 77 L 
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Comparison on the work of the surveyor between methods 

Traditional way New way 

Stakeout 
for trench 

Control 
measurement 

Unforeseen 
measurement Sum Stakeout 

for trench Sum 
 

Time 00:39:00 00:26:00 00:20:15 01.25:15 00:02:00 00:02:00 
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Comparison of removal between methods 

Traditional way New way 

Excavation of trench Excavation of trench 

Difference between 
methods 

 

Cubic meters 
1654,00 1428,25 225,75 
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Comparison on volume of sand under laying of pipes between methods 

Traditional way New way 

Fill of trench Fill of trench 

Difference between 
methods 

 

Cubic meters 
152,25 62,20 91,05 
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Comparison of work effort between methods 

Traditional way New way Difference  

Operator 

Surveyor 

Worker 

08:32:30 

01:25:15 

05:39:15 

06:35:00 

00:02:00 

00:02:00 

22,9 % savings in time 

97,7 % savings in time 

99,4 % savings in time  

Work total 15:37:00 06:39:00 57.4 % savings in time 

��

,�����00����2��������	��
��!�2��3��!!�������2��
����� ���&�

�



���� � #	
������$����%��&�

�
>H�

�

>&7� ����	��	���

,�� ����
����� �
�
�	�	��� 	
� �������� �
�� ��
�	
�� ������ ��� �	�
��2���� ���2
� ���8������� 	
�������� 	
� �����
���
����&� ��
���� ����
��� �!� �������� �
�� ��
�	
��2��� !� 

�� 	
� ����� ������ ����	�
� �
�� ���	������� 	
�
������00��
��0'&��

�
�	��
���'*����2����
��������
����!����������������	 �
�0F)�	
��������
���2�	���2����1��������2	�������� ���	�	�
���2��&�,����	������
���	
��	������
�
�!���4����������	
��	���1�����	
�����!	����
����� ���
���	
�����2����2��������
���2����1�������&�,��� ����
������	����
��������
����!��������& �

�
�	��
���'G����2����
���� ����
��� �!� ��
�	
�� ��� ����	 �
�0F)�	
��������
���2�	���2��� �1��������2	�������� ���	�	�
���2��&�,��� ����
��	
��	������
�
�!���� �!� ���� ��
�4� ���� ���� �	
�� 	�� �1�����	
�� ��� !	��� �
�� ���� ��
�� �	
�� ���2�� ��2� ���� ���
��� 2��� �1� ������&� ,��� �	
3� ����� 	�� ���� ��
����
����
���2�	���
�����������!	����������
�& �



���� � #	
������$����%��&�

�
>7�

�

>&7&0� D�������

�
,�����0'����2����2���������
���	�
��!����������!��� ���	���	
���������
�����2�����
�&������I����	�
�	
� ����	�
�)�����	���!��������	�
�)I'48���	
�
�	����	�
��!���
���4������I����	�
�	
�����	�
�8���� �	���!��������	�
�'48I748���	
��	����	�
��!���
���& ���������������	�
��������8�������4�

�����������
����	�
��������	�
�)��
��0H)&�,������
��������
���	 
��
�	�� �������������
���� ���������������
��������� ������� 	
� ��
���� ���8��������!��� ������
����	�
�!�������	�
�8I088��
��'48��������!��������� ����	�
���������	�
�)��
��0H)&�D�������������	
���� ��1�����	
�����!	���	��
������������	
������
���
����4� ��� ���� �	!!���
��� ���2��
� �1�����	
�� ���! 	���� 2��� ���
����� !���� ���� �	!!���
��� ���2��
� ����� ���� �
�� ��� ����� ���� ���	
��� 	
�
�������&�



���� � #	
������$����%��&�

�
>*�

�

>&7&'� #	���

�

�
,�����0>����2����2��������
����!�!	���	
��������
��� ��2��������
�����&��

��



���� � #	
������$����%��&�

�
>G�

�

�

�	��
���>)����2���	!!���
���	
�������!���
��������� �����	�
&�,����	��
������2�������������	
���������� ������!��������
���?'I>���!��������	�
�)I
*)��
��>IF���!��������	�
�*)I0H)@��������	��	�
���� �	�����2��
��1��������	��2	�����������	�	�
���2��&� ,������	��	�
�	�������2��
��1��������	��
2	������� ����	
���
	��
��4��
�� 	
�����	��� 	��	�� ��� ������� �	����������1�����	�
�	��
���������������1�� ����&�(��2��� 
��� ����	�����������
�������
���
�������������������	��2����1�������4����
��	
�� 	
�������	���!���	
��	
4�2�	����	�����������
������ ����2���&�

�

�

>&7&>�'
!����	�������
� �



���� � #	
������$����%��&�

�
F)�

�

��

Comparison on deviation in area from excavating design between methods 

 Traditional way New way As should have 
been filled 

Difference 
between 
methods 

Average 

Medium value 

Standard deviation 

Smallest value 

Highest value 

Number of surveys 

0,95 m² 

0,94 m² 

0,32 m² 

0,42 m² 

1,69 m² 

32 

0,39 m² 

0,39 m² 

0,11 m² 

0,17 m² 

0,58 m² 

31 

0,39 m² 0,56 m² 

0,55 m² 

0,22 m² 
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Comparison on deviation in height from excavating design between methods 

 Traditional way New way As should have 
been excavated 

Difference 
between 
methods 

Average 

Medium value 

Standard deviation 

Range 

Smallest value 

Highest value 

Number of surveys 

21 mm 

22 mm 

56 mm 

341 mm 

-111 mm 

230 mm 

32 

38 mm 

37 mm 

40 mm 

160 mm 

-56 mm 

104 mm 

31 

0 mm - 17 mm 

- 15 mm 

16 mm 
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Laser equipment Used before Advantages Range / accuracy Use 

Hand held device, 
i.e. Disto sight 

laser 

 

Direction device, 
sight laser 

Flat of turning 
laser for 

horizontal, vertical 
and slope 

5 –50 m measuring 
tape 

 

Total stations and 
level instruments 

 

Level instruments 
– total station for 

slopes 

No correction or 
assistance, a lot 
more production 

 

Only set up and 
steady simple use 

 

Only set up and 
steady simple use, 

a lot more 
production 

 

100 m /± (2–3) mm 

 

 

50-500m /±(5–30) 
Mm 

 

50-500m /±(2–20) 
mm 

Measuring of lengt 
of most areas 

 

For tunnels and 
pipe laying 

 

Construction 
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