
124 International Journal for Computational Civil and Structural Engineering

(*5*;ET;))T>*=;pM(M>*5=DUE6;*6MO)U
UM6)=>;Ur6;*)=)Or=(MU5U)r=(D*DMT*=M>X*;p

;UM=6pTM>>GM;p)(>
�

��������	��	*�����	�����	
�	;������	������	��	
�������	
�*[+x`*��|�<�*?^Z�×x<^x���[*[���`+=�?<+[��x{�~+=+��%`�+`��?+`���×x<^x���|����}�

�
EJ��&$!����Z��*?[+^���{x^@<�<�x`�[Z��\x<<+¤+�+[+�<�x{�'@�[+#x\[+x`*��_�<+�`�x{�?�\*+?�*`_�?�Z*¤+�+[*[+x`��x?�<�x`�
_+�*\+_*[�_�\?�<<@?��\+\��+`��`�[�x?�<��+[Z�[Z��@<��x{�*@[x'*[�_�^x'\��Ù�<�+`�x?_�?�[x�*^Z+�=��'+`+'@'��`�?���
^x<[<�+`��*[�?�[?*`<\x?[*[+x`��+[Z�?��*?_�[x�[Z��[�'\�?*[@?��{*^[x?����x�*@[x'*[�_�\?x�?*'<�¤*<�_�x`�Z�_?*@�+^�
*`_��`�?���^*�^@�*[+x`�x\�?*[+x`<�*?��\?�<�`[�_�*<�_+�+[*��[xx�<��}<�*�¤*<+^�=*?+*`[�x{�?�^x`<[?@^[+x`�x{�_+�*\+_*[�_�
\+\��+`�<��[Z��[?�`^Z��<<���*���+`+`��[�^Z`x�x����*<�*^^�\[�_���[�+<�?�*�+��_�¤��\@��+`��\?�#^x'\?�<<�_�\x��'�?�
\+\�<� +`[x�x�_�\+\��+`�<��+[Z� [Z�+?� <@¤<�£@�`[�<[?*+�Z[�`+`����Z��\*\�?�\?�<�`[<� +`{x?'*[+x`�x`�?��@�*[x?��*`_�
[�^Z`+^*��_x^@'�`[*[+x`�*`_�[Z��*\\�+^*[+x`�x{�*_=*`^�_�[�^Z`x�x����+`<[*��*[+x`�*`_�x\�?*[+x`�^x`_+[+x`<��*<������
*<�^x'\*?*[+=��*<<�<<'�`[�x{��`�?���^x`<@'\[+x`�*{[�?�?�^x`<[?@^[+x`�x{�_+�*\+_*[�_�<�^[+x`<�x{�\+\��+`�<��+[Z�
\x��'�?� \+\�<� �+[Z� [Z�� \x<<+¤+�+[�� x{� '+`+'+�+`���`�?��� ^x`<@'\[+x`�_@?+`�� �*[�?� [?*`<\x?[*[+x`�@`_�?� `x`#
+<x[Z�?'*��^x`_+[+x`<�x{�\+\��+`��x\�?*[+x`��

�
K"@Q?&9�:�*@[x'*[�_�\?x�?*'<��\+\��+`�<��[�'\�?*[@?��^x`_+[+x`<��Z�_?*@�+^�^Z*?*^[�?+<[+^<��

[?�`^Z��<<�[�^Z`x�x�+�<���`�?���^x`<@'\[+x`�
�
�


�

� � � 	

�
�

�
�� #

�

�
�

:�
�

�
*=;U)(r6;*)=
�
�`�?�^�`[���*?<��|@<<+*�Z*<�<��`�*`�+`[�`<+{+^*[+x`�
x{�[Z��_+�+[*�+�*[+x`�\?x^�<<��*<��=+_�`^�_�¤��[Z��

{�_�?*�� \?xÕ�^[� ð¡+�+[*�� �@¤�+^� }_'+`+<[?*[+x`ð�
\?x\x<�_� ¤�� [Z�� ×+`+<[?�� x{� ¡+�+[*��
¡�=��x\'�`[�� ~x''@`+^*[+x`<� *`_� ×*<<�
×�_+*�� �Z+<� \?xÕ�^[� +`^�@_�<� [Z�� *@[x'*[+x`� x{�

International Journal for Computational Civil and Structural Engineering, 19(4) 124–134 (2023)

DOI:10.22337/2587-9618-2023-19-4-124-134



125Volume 19, Issue 4, 2023

*���<[*��<�x{�[Z��?�*���<[*[���+{��^�^���{?x'�_�<+�`�
[x� x\�?*[+x`� x{� ¤@+�_+`�<� *`_� <[?@^[@?�<�� �Z��
'x<[� +'\x?[*`[� *^Z+�=�'�`[�x{�_+�+[*�+�*[+x`�+<�
[Z�� \x<<+¤+�+[�� x{� +'\��'�`[+`�� '@�[+#x\[+x`*��
_�<+�`�+`�[Z��{+��_�x{��*[�?�<@\\���*`_�<*`+[*[+x`�
Ú�Û��}[�[Z��<*'��[+'���[Z��\?*^[+^��x{�̂ x`<[?@^[+x`�
*`_� ?�^x`<[?@^[+x`� x{� @`_�?�?x@`_� \+\��+`�<�
@<+`�� `@'�?x@<� x\�?*[+x`*�� *`_� ^x<[#�{{�^[+=��
[?�`^Z��<<� '�[Zx_<� ^*`� ¤�� ^x`<+_�?�_� *<� *�
\*?[+^@�*?�=�?��<+�`+{+^*`[�*<\�^[�Ú�Û��
~@??�`[����'x?��[Z*`�"�å�x{�@`_�?�?x@`_�<[����
\+\��+`�� `�[�x?�<� x{� �*[�?� <@\\��� <�<[�'<� x`�
*=�?*���+`�[Z��|@<<+*`���_�?*[+x`�?�£@+?��\?x'\[�
?�\*+?� _@�� [x� *�+`��� *^^x'\*`+�_� ¤�� [Z��
*\\�*?*`^��x{�=*?+x@<��+`_<�x{�_�{�^[<��_*'*����
+`�[Z��{x?'�x{�[Z?x@�Z�Zx��<��{+<[@�*<���^x??x<+x`�
x{� +`[�?`*�� �*��<� x{� \+\��+`�<�� _+=�?��`^�� x{�
���_<�� [Z+``+`�� x{� �*��<� *`_� [Z@<� =+x�*[+x`� x{�
�x*_#¤�*?+`��^*\*^+[��Ú�Û��
|�<[x?*[+x`� x{� \+\��+`�<� ^x`<+<[<� x{� *� <�[� x{�
[�^Z`+^*�� '�*<@?�<� [x� +'\?x=�� [Z�� {@`^[+x`*��
\?x\�?[+�<� x{� [Z�� �Ù+<[+`�� \+\��+`�� �+[Z� {@��� x?�
\*?[+*��@<��x{� +[<� <[?@^[@?�� Ú"Û���+\��+`��_*'*���
��*_<�[x��*[�?���*�*���*`_�`��*[+=��\Z�`x'�`*�
x{� �?x@`_�*[�?� ��=��� ?+<�� *¤x=�� [Z�� \+\��+`��
`�[�x?����Z+^Z���*_<�[x�*�_�^?�*<��+`�[Z��\x?x<+[��
x{�[Z��<x+��'*<<�*`_�<@{{@<+x`�{*+�@?�<��
}^^x?_+`��[x�[Z��<[*`_*?_�<�?=+^���+{���<[����\+\�<�
<Zx@�_�¤��@<�_�{x?������*?<��Ýx��=�?��[Z���{*+��
'@^Z� �*?�+�?� _@�� [x� [Z�� *¤x=�#'�`[+x`�_�
_*'*��<���ÙZ*@<[+`��[Z�+?�?�<x@?^���%'�?��`^+�<�
*<<x^+*[�_� �+[Z� [Z�� {*+�@?�� x{� _+�*\+_*[�_� *`_�
x¤<x��[���`�+`��?+`��`�[�x?�<� +`�|@<<+*`�^+[+�<�
*^^x@`[� {x?� ��å� x{� [Z�� [x[*�� `@'¤�?� x{�
�'�?��`^+�<���Z+^Z� +<� <�^x`_�x`��� [x� {+?�<� *`_�
�Ù\�x<+x`<���Z+^Z�*^^x@`[�{x?��"å�Ú�Û���
�{� ��� [*��� *¤x@[� \+\��+`�<� x{� _x'�<[+^� *`_�
_?+`�+`�� �*[�?� <@\\���� *� ¤+�� \?x¤��'� +<� [Z��
_�[�?+x?*[+x`�x{�x?�*`x��\[+^�\?x\�?[+�<�x{��*[�?�
<@\\�+�_�[x�^x`<@'�?<��¡�<\+[��[Z��{@�{+��'�`[�x{�
?��@�*[x?�� ?�£@+?�'�`[<� {x?� �*[�?� [?�*['�`[�
[�^Z`x�x��� *[� �*[�?� [?�*['�`[� \�*`[<�� [Z��
^x`<@'�?� ?�^�+=�<� �*[�?� �+[Z� <+�`+{+^*`[���
+`{�?+x?�£@*�+[��+`_+^*[x?<�_@��[x�`@'�?x@<�\+\��
_�{�^[<� Ú�Û�� �`� *__+[+x`�� [Z�� {�x�� =��x^+[+�<� +`�
\?�=+x@<��� _�<+�`�_� �*[�?� <@\\��� `�[�x?�<�
_�^?�*<��_@��[x�[Z��+`^?�*<�_�?x@�Z`�<<�x{�[Z�+?�

�*��<�_@��[x�=*?+x@<�_�\x<+[<���Z+^Z�*{{�^[<� [Z��
_�[�?+x?*[+x`�x{�x?�*`x��\[+^�+`_+^*[x?<�x{��*[�?�
?��*[�_�[x�<*`+[*?��*`_�Z��+�`+^�\*?*'�[�?<� [Z*[�
^Z*?*^[�?+��� [Z�� x\[+'*�� ^x`_+[+x`<� x{� Z@'*`�
*^[+=+[��Ú���!Û��
|��+*¤���\�?{x?'*`^��x{�\+\��+`��̀ �[�x?�<�@`_�?�
^x`<[?@^[+x`�*`_�?�^x`<[?@^[+x`�^*`�¤���`<@?�_�+{�
_�<+�`�?<� [*��� +`[x� *^^x@`[� [Z�� Z�_?*@�+^�
\�?{x?'*`^�� x{� \+\�<� *`_� x{� `��� '*[�?+*�<��
�Z�?�� +<� *� `��_� {x?� *^^@?*[�� _*[*� x`� [Z�+?�
Z�_?*@�+^� ^Z*?*^[�?+<[+^<�� �Z+^Z� ^*`� ¤�� {x@`_�
¤x[Z� +`� +`_@<[?�� <[*`_*?_<� *`_� [�^Z`+^*��
_x^@'�`[<�*`_�+`�¤@<+`�<<�'x_��<�Ú�Û��
�Z�?�� *?�� *�<x� x`� [Z�� *��`_*� [Z�� +<<@�<� x{�
�{{�^[+=��'*`*��'�`[�x{����^[?+^+[��^x`<@'\[+x`�
+`� �*[�?� [?*`<\x?[*[+x`� Ú��Û�� %��^[?+^+[��
^x`<@'\[+x`� +`� �+£@+_� [?*`<\x?[*[+x`� <�<[�'<�
'*+`���_�\�`_<�x`� [Z��\x��?�*`_��{{+^+�`^��x{�
[Z��\@'\�@`+[<�@<�_�� *<������ *<�x`� [Z��x\[+'*��
<���^[+x`� x{� [Z�� ^?x<<#<�^[+x`� x{� \+\��+`��
`�[�x?�<��?�_@^[+x`�x{��x^*��?�<+<[*`^��*`_�Z�*_�
�x<<�<� *�x`�� [Z�� ��`�[Z� x{� \+\��+`�<� Ú��Û�� �[�
{x��x�<�[Z*[�[Z������*<\�^[<�+`�[Z��_�<+�`�x{�`���
\+\��+`�� <�<[�'<�� *<� ����� *<� +`� [Z�� ?�`x=*[+x`�
�'x_�?`+�*[+x`��x{�_+�*\+_*[�_�\?�<<@?��\+\��+`�<�
+<� [x� �`<@?�� [Z�+?� *\\?x\?+*[�� �`�?���
\�?{x?'*`^���\?x=+_+`��^x`_+[+x`<�{x?��x`�#[�?'�
*`_� �`�?��#�{{+^+�`[� x\�?*[+x`� x{� \+\��+`��
^x''@`+^*[+x`<�Ú��Û��
|�<�*?^Z�?<�?�\�*[�_���`x[��`x[�x`���[Z��`��_�[x�
@<��\+\��+`�<��+[Z��x��?x@�Z`�<<��¤@[�*�<x�[x�[*���
+`[x�*^^x@`[�[Z��[�'\�?*[@?��{*^[x?���Z+^Z�*{{�^[<�
[Z�� ^Z*`��� +`� ���^[?+^+[�� ^x`<@'\[+x`� _@?+`��
�*[�?�[?*`<\x?[*[+x`��Ú��Û���
}�`@'¤�?�x{�+`=�<[+�*[x?<�^x`<+_�?�*�\?x'+<+`��
*`_� `�^�<<*?�� '�*<@?�� {x?� �{{�^[+=��
'*`*��'�`[� x{� �*[�?� <@\\��� `�[�x?�<� �+`�
\*?[+^@�*?�� {�x�� _+<[?+¤@[+x`� *[� ^�?[*+`�
[�'\�?*[@?�� ?*`��<� _@?+`�� [Z�� +'\��'�`[*[+x`�
x{� ?�\*+?� *`_� ?�Z*¤+�+[*[+x`� �x?�<�� *� �+_��
*\\�+^*[+x`� x{� *@[x'*[�_� ^x'\@[�?� ^x'\��Ù�<�
�+[Z�=*?+x@<�<@¤<�<[�'<�Ú�"Û��
�Z�� �{{�^[<� x{� ?�<x@?^�� *`_� �`�?��� <*=+`�� *?��
*^Z+�=�_� ¤�� *\\��+`�� [?�`^Z��<<� \+\��+`�� ?�\*+?�
[�^Z`x�x�+�<�� �`� \*?[+^@�*?�� +[� +`^�@_�<� [Z��
[�^Z`x�x��� x{� ?�\*+?� ¤�� \?��+'+`*?��
[Z�?'x'�^Z*`+^*��̂ x'\?�<<+x`�x{�\x��'�?�\+\�<�

Digital Tools in The Design Practice for Reconstruction of Underground Pipelines with Trenchless Methods



126 International Journal for Computational Civil and Structural Engineering

*`_� \@��+`�� [Z�'� +`[x� x�_� \+\��+`�<�
���*���+`+`����*<������*<�[Z��£@*�+[��+`_+^*[x?<�x{�
[?*`<\x?[�_� _?+`�+`�� �*[�?� *?�� \?�<�?=�_� ¤��
+`^?�*<+`��+[<�{�x��=��x^+[+�<�Ú��Û���
×x_�?`�@?¤*`�̂ x`<[?@^[+x`�+<�+'\x<<+¤����+[Zx@[�
@[+�+�*[+x`�x{�[Z��@`_�?�?x@`_�<\*^��x{�[Z��^+[���
��*^�'�`[� x{� *��� [?*`<\x?[+`�� ?x@[�<� x{�
@`_�?�?x@`_� �`�+`��?+`�� <�<[�'<� +<� �+'+[�_� ¤��
?�<+_�`[+*�� ¤@+�_+`�<� *`_� [?*`<\x?[*[+x`� ?x@[�<��
%<\�^+*���� *^@[�� +<� [Z�� +<<@�� x{� *^^�<<+¤+�+[�� x{�
^x''@`+^*[+x`<� _@?+`�� ?�\*+?� �x?�<�� �x� _*[���
*¤x@[� ��å� x{� �`�+`��?+`�� `�[�x?�<� x{� =*?+x@<�
'*[�?+*�<� `��_� [x� ¤�� ?�\�*^�_� x?� ?�<[x?�_�� �Z+<�
x`���+`^?�*<�<�[Z��@?��`^��x{�<x�=+`��[Z+<� +<<@��
*`_�[Z��`��_�[x�<�*?^Z�{x?�`���'�[Zx_<�x{��*�+`��
*`_�?�^x`<[?@^[+x`�Ú��Û���
�`� <x'�� '@`+^+\*�� _+<[?+^[<� x{� [Z�� |@<<+*`�
��_�?*[+x`�� <@^Z� *<� �x_\x?x�Z<��� *`_�
áx��Zx=<��� +`� [Z�� Ö�`+`�?*_� ?��+x`�� ���!� *`_�
!"��å�x{�\+\��+`�<�x{��*[�?�<@\\���`�[�x?�<�*?��
+`�`��_�x{�^*\+[*��?�\*+?��?�<\�^[+=����Ú��Û���
Ö*^�� x{� \?x'\[� '�*<@?�<� [x� +'\?x=�� [Z��
�{{+^+�`^��� <�?=+^�*¤+�+[�� *`_� ?�`x=*[+x`� x{�
@`_�?�?x@`_� �*[�?� \+\��+`�<� *��?*=*[�<� [Z��
<+[@*[+x`��+[Z�̀ @'�?x@<�̀ ��*[+=��̂ x`<�£@�`^�<�{x?�
[Z��\x\@�*[+x`�*`_�[Z��`*[@?*���`=+?x`'�`[���*[�?�
<@\\��� `�[�x?�<� <Zx@�_� \?x=+_�� *� �@*?*`[��_�
\Z�<+^*�� ¤*??+�?� *�*+`<[� ^x`[*'+`*[+x`� x{� [Z��
<@\\�+�_��*[�?�*`_�'*+`[*+`�[Z��?�£@+?�_�<*`+[*?��
*`_�Z��+�`+^�+`_+^*[x?<�+`�+[�Ú�!Û��
�Z�� *\\�+^*[+x`� x{� [?*_+[+x`*�� '�[Zx_<� {x?�
?�^x`<[?@^[+x`� ^*`� ¤�� \?x¤��'*[+^� @`_�?� [Z��
'x_�?`�@?¤*`�_�=��x\'�`[�*`_�[?*{{+^�+`[�`<+[���
¤?+`���?�*[�+`^x`=�`+�`^��*`_�{+`*`^+*��^x<[<��
�
�
GM;p)(>E=(GE;MU*ET>
�
�Z�� <[@_�� {x^@<�<� x`� x`�� x{� [Z�� `@'�?x@<�
[�^Z`x�x�+�<� {x?� ?�`x=*[+x`� x{� _+�*\+_*[�_�
\+\��+`�<� @<+`�� \x��'�?� \+\�<�� �Z�<�� \+\�<� *?��
<@¤Õ�^[�_� [x� [Z�?'x'�^Z*`+^*�� ^x'\?�<<+x`�
�+[Z� <@¤<�£@�`[� <[?*+�Z[�`+`�� +`� [Z��
?�^x`<[?@^[�_�\+\��+`��*{[�?�¤�+`��\@���_�+`[x�[Z��
_+�*\+_*[�_��Ù+<[+`��\+\��+`�����*���+`+`������
�Z��?�<�*?^Z�'�[Zx_�+<�[Z��*`*��<+<�x{�[Z��?�<@�[<�
x{� *@[x'*[�_� ^*�^@�*[+x`� x{� ���^[?+^+[��

^x`<@'\[+x`� _@?+`�� �*[�?� [?*`<\x?[*[+x`� �+[Z�
_+{{�?�`[�*'¤+�`[�[�'\�?*[@?��^x`_+[+x`<��*<������
*<�+_�`[+{+^*[+x`�x{�[Z��'x<[��^x`x'+^*��=*?+*`[�
{?x'�*'x`��[Z��*�[�?`*[+=�<�{x?�<*=+`�����^[?+^+[��
^x<[<� _@?+`�� �*[�?� [?*`<\x?[*[+x`� [Z?x@�Z�
?�^x`<[?@^[�_�\+\��+`�<��+[Z�_+{{�?�`[�_+*'�[�?<�
*`_� �¡|� =*�@�<� ��[*`_*?_� ¡+'�`<+x`*�� |*[+x��
[Z*[�+<�_+*'�[�?�[x��*���[Z+^�`�<<�?*[+x���
��x�*@[x'*[�_�^*�^@�*[+x`�\?x�?*'<���?��@<�_�
[x�*^Z+�=��[Z��*¤x=��x¤Õ�^[+=�<�Ú������Û��
��*���+`+`��'�[Zx_�+<�@<�_�{x?�[?�`^Z��<<�?�\*+?�
x{� *��� [�\�<� x{� \+\��+`�� `�[�x?�<:� \?�<<@?���
�?*=+[��� @`_�?�?x@`_�� <@?{*^��� �Z�� '�[Zx_� +<�
*\\�+^*¤��� {x?� ?�^x`<[?@^[+x`� x{� \+\��+`�<� �+[Z�
_+*'�[�?�{?x'�����[x������''��+[Z�[Z����`�[Z�x{�
[Z��?�\*+?�_�<�^[+x`�@\�[x������'��
�Z�� [�^Z`x�x��� *��x�<� {*<[� +`<[*��*[+x`� x{�
\x��'�?�\+\��x{��*?��?�_+*'�[�?�+`[x�x�_�\+\��+`�<�
x{� <'*���?� _+*'�[�?� _@�� [x� +[<� \?��+'+`*?��
[Z�?'x'�^Z*`+^*�� ^x'\?�<<+x`�� �Z@<�� *� `���
\+\��� [+�Z[���\?�<<�_� [x� [Z�� +``�?� <@?{*^��x{� [Z��
'*+`�\+\��*`_�<@\�?+x?�[x�[Z���*[[�?�+`�*�`@'¤�?�
x{� ^Z*?*^[�?+<[+^<�� +<� {x?'�_� +`<+_�� �x?`#x@[�
\+\��+`�<� _@?+`�� ?�Z*¤+�+[*[+x`�� �`� [Z+<� �*��� [Z��
\+\��+`��*^£@+?�<�*�[�x#�*��?�^x`<[?@^[+x`�*`_�+<�
*`�+`_�\�`_�`[�<[?@^[@?����Z��[+�Z[�{+[�x{�[Z��`���
\x��'�?� \+\�� [x� [Z�� �*��<� x{� [Z�� x�_� \+\��+`��
^?�*[�<�^x`_+[+x`<�{x?�*�=�?��<�+�Z[�?�_@^[+x`�+`�
+[<�_+*'�[�?��+[Z�*�<+'@�[*`�x@<�?�_@^[+x`�+`�[Z��
^x�{{+^+�`[�x{�Z�_?*@�+^�{?+^[+x`��+������`<@?+`��[Z��
�`�?��#<*=+`���{{�^[�+`��*[�?�[?*`<\x?[*[+x`��
��*���+`+`�� <*`+[+��_� \+\�<� Z*=�� <@^^�<<{@����
\*<<�_� [�<[<� {x?� ?*\+_� ^?*^�� �x^*�+�*[+x`� _@?+`��
x\�?*[+x`� �*� <�?+�<� x{� [�<[<� ��?�� ^x`_@^[�_� {x?�
'x?�� [Z*`� ����� Zx@?<�� x`� {?*^[@?�� *`_�
[�'\�?*[@?��[�<[<��+[Z�*�`x[^Z�*[��!��~��
�Z�� ��*���+`+`�� '�[Zx_� �*<� *\\�+�_� {x?� [Z��
?�^x`<[?@^[+x`� x{� ���� �'� x{� �*[�?� <@\\���
`�[�x?�<�+`�×x<^x���
�Z�� *_=*`[*��<� x{� [Z�� ��*���+`+`�� '�[Zx_� *�<x�
+`^�@_��[Z��\x<<+¤+�+[��x{�\?x=+_+`��<@^Z�*`�+`[�?`*��
_+*'�[�?� x{� [Z�� ?�^x`<[?@^[�_�\+\��+`�� <�<[�'�� *[�
�Z+^Z� [Z?x@�Z� =*?�+`�� [Z�� =*�@�� x{� �¡|� �*[�?�
{�x��=��x^+[+�<�^x??�<\x`_� [x� [Z��_�<+�`�x`�<�{x?�
_?+`�+`���*[�?�<@\\���<�<[�'<��+����*¤x@[���']<���
�Z+<�'�*<@?����*_<�[x�\?�<�?=*[+x`�x{�x?�*`x��\[+^�
^Z*?*^[�?+<[+^<�x{��*[�?���

Vladimir A. Orlov, Sergey P. Zotkin, Dmitry V. Podolyan



127Volume 19, Issue 4, 2023

�Z��[�^Z`x�x���+`^�@_�<�[Z��\?x^�<<�x{�̂ x'\?�<<+x`�
x{�[Z��\+\��+`���\?�Z�*[�_�[x�*�[�'\�?*[@?��x{���#!��
~� ��+�@?�� ���� }� ^x`+^*�� '*[?+Ù� �`<@?�<� [Z*[� [Z��
\+\��+`��+<�`*??x��_�<x�[Z*[�+[�^*`�¤��\@���_�[Z?x@�Z�
[Z���Ù+<[+`��\+\��+`���+[Zx@[�x¤<[?@^[+x`��}[�[Z��̀ �Ù[�

<[*����*�`���\+\���+[Z�*�?�_@^�_�_+*'�[�?�+<�\@���_�
+`[x�[Z��x�_�\+\��¤��'�*`<�x{�*�^*¤���*`_�*��+`^Z�
+`<[*���_�+`�[Z��`�Ù[�'*`Zx���*�x`��[Z��^x@?<��x{�[Z��
\+\����Z��\@��+`��+<�̂ *??+�_�x@[�@`[+��[Z��\+\��+<�+`�[Z��
?�£@+?�_�\x<+[+x`��

�

�
�

x(B&W-��O�X(Z-D(*-�W-_);(D(/)/(0*�',_-V-�&'(*B�/_-�+|)B-D(*(*B�V-/_02�
����K�<W)BV-*/'�0<�/_-�2(D)Z(2)/-2�4W-'/0W-25�Z(Z-D(*-�������K�'V)DDK'(k-2�Z(/�40W�|-DD5����K�BW0&*2�
D-[-D����K�(*(/()D�Z0D\V-W�Z(Z-D(*-����K�(*<W)W-2�_-)/-W'����K�,0*(,)D�V)/W(3�4*)WW0|(*B�2-[(,-5����K�

Z(Z-D(*-�)</-W�/_-WV0V-,_)*(,)D�,0VZW-''(0*�����K�20&;D-KD)\-W�Z(Z-D(*-�
��
�Z�� ?�=�?<�� \?x^�<<� x{� _�{x?'*[+x`� x{� [Z��
\x��'�?� \+\�� +`<+_�� [Z�� x�_� \+\��+`�� x^^@?<�
*@[x'*[+^*���� _@�� [x� [Z�� ð'�'x?�ð� �{{�^[�� �Z��
\+\���Ù\*`_<�@`[+��+[<�x@[�?�_+*'�[�?�?�*^Z�<�[Z��
<+���x{�[Z��+``�?�_+*'�[�?�x{�[Z��x�_�\+\��+`��*`_�

{x?'<�*�[+�Z[�Õx+`[��+[Z�+[<��*�����Z+<���+'+`*[�<�
[Z��`��_�{x?�^�'�`[�'x?[*?�x?�<\�^+*��Z*?_�`�?<��
�+�@?����<Zx�<�[Z��?�<@�[�x{�?�Z*¤+�+[*[+`��*`�x�_�
\+\��+`��[x�{x?'�*�[�x#\+\��^x`<[?@^[+x`��

�

� �
x(B&W-��O�U(-|�0<�/_-�Z(Z-D(*-�W-_);(D(/)/(0*�

�

@<+`�� \x���[Z���`�� \+\�<� _@?+`�� [Z�� \�?+x_� x{�
��*���+`+`��[�^Z`x�x���+'\��'�`[*[+x`�{x?��*[�?�
[?*`<\x?[*[+x`�� +`^�@_+`�� [Zx<�� _�\�`_+`�� x`�
[�'\�?*[@?��^x`_+[+x`<���£@*[+x`������*<�*\\�+�_:�
�

% �� D 2 �
\����������������

�
�Z�?�� %� +<� [Z��=*�@��x{� ^x`<@'�_� ���^[?+^+[���
��Z]��*?$���+<�[Z��{�x��?*[��x{��*[�?�<@\\�+�_�¤��
[Z��\+\��+`���'�]<$� D�<� [Z����`�[Z�x{� [Z��\+\��+`��

<�^[+x`�� ' \� +<� [Z�� �{{+^+�`^�� {*^[x?� x{� [Z��
\@'\+`��@`+[$��"�+<�[Z���x?��Zx@?<�x{�[Z��\@'\�
\�?�_*���Z$�����+<�`@'¤�?�x{�_*�<�\�?���*?$� �+<�
[Z�� ^x�{{+^+�`[� x{� Z�_?*@�+^� {?+^[+x`$� 2� +<� [Z��
+`[�?`*��_+*'�[�?�x{�[Z��\+\��+`���'��
���
�
UM>rT;>
�
�x�_�[�?'+`��[Z����=���x{�_�{x?'*[+x`�x{�\+\��+`�<�
�^Z*`��<� +`� [Z�� _+*'�[�?� *`_� �*��� [Z+^�`�<<� x{�

Digital Tools in The Design Practice for Reconstruction of Underground Pipelines with Trenchless Methods



128 International Journal for Computational Civil and Structural Engineering

\x��'�?� \+\�� *{[�?� +[<� [Z�?'x'�^Z*`+^*��
^x'\?�<<+x`� *`_� <[?*+�Z[�`+`�� x\�?*[+x`<�� �Z�`�
@<+`����*���+`+`��[�^Z`x�x����*�<\�^+*��*@[x'*[�_�
\?x�?*'��*<�*\\�+�_�Ú��Û����
�Z�� +`+[+*�� \*?*'�[�?<� @<�_� +`� [Z�� *@[x'*[�_�
^*�^@�*[+x`<�+`�¤x[Z�\?x�?*'<�*?��*<�{x��x�<:�
#+`[�?`*�� _+*'�[�?� x{� [Z�� _+�*\+_*[�_� <[����
\+\��+`������''$�
#��`�[Z�x{�[Z��\+\��+`������'$�
#+`[�?`*��_+*'�[�?�x{�\x���[Z���`��\+\�<�����*`_�
����''���¡|����$���
#}=�?*��� [�'\�?*[@?��x{� [Z��\+\��+`���*��� �<x+��
*?x@`_�[Z��\+\�������~$�

#� *=�?*��� [�'\�?*[@?�� x{� �*[�?� +`� [Z�� �*[�?�
<@\\���<x@?^������~��<@''�?�\�?+x_��*`_�!��~�
��+`[�?�\�?+x_�$�
#{�x��?*[��x{�[?*`<\x?[�_��*[�?����"�'�]<$�
#+`[�?`*��_+*'�[�?<�x{�[Z��?�Z*¤+�+[*[�_�\+\��+`��*{[�?�
?�`x=*[+x`� x{� [Z�� <[���� \+\��+`�� �+[Z�\x���[Z���`��
\+\���+[Z�x?+�+`*��_+*'�[�?<�x{�����*`_�����''��
?�<\�^[+=���:�""���"�''�*`_�"�!����''$�
#^x�{{+^+�`[�x{��{{+^+�`^��x{�[Z��\@'\+`��@`+[������
�@''*?�� x@[\@[� +`{x?'*[+x`� x`� [Z�� *@[x'*[�_�
^*�^@�*[+x`�x{�\*?*'�[�?<�+`�<@''�?�*`_��+`[�?�
\�?+x_<� +<� \?�<�`[�_� ¤��x�� ��*¤��<� �� *`_� ���
*^^x?_+`��[x�[Z��_*[*�x¤[*+`�_�{?x'�[Z��?�<@�[<�x{�
[Z��*@[x'*[�_�\?x�?*'�Ú��Û��

�
s);D-��O�+&VV)W(k-2�0&/Z&/�(*<0WV)/(0*�0*�/_-�W-'&D/'�0<�_\2W)&D(,�)*2�-*-WB\�,)D,&D)/(0*�0<�/|0K
Z(Z-�,0*'/W&,/(0*�(*�'&VV-W�)*2�|(*/-W�Z-W(02'�)/�/_-�(*/-W*)D�2()V-/-W�0<�/_-�Z(Z-D(*-����O���VV�
�
x�

%<[+'*[�_�+`_+^*[x?<� �`_+^*[x?�=*�@�<� �

� �@''�?�\�?+x_� �+`[�?�\�?+x_�
�� �*[�?�{�x��=��x^+[��+`�[Z��\+\��+`���']<�^� ��!��� ��!���
�� ~x�{{+^+�`[� x{� _�`*'+^� =+<^x<+[�� ?��*[�_� [x� [Z�� �+£@+_�

{�x����*#<��
������������ �����"����!�

�� ~x�{{+^+�`[�x{�_�`*'+^�=+<^x<+[��?��*[�_�[x�[Z��\+\���*���
[�'\�?*[@?����*#<��

�
������������

�
������������

"� ¡�`*'+^�=+<^x<+[��?*[+x� ���� ���"��
�� ~x�{{+^+�`[�x{��+`�'*[+^�=+<^x<+[��x{��+£@+_��'�]<�^�� ������������ ���������!��
�� |��`x�_<�`@'¤�?� ��"��!���� �!��!����
�� ~*�^@�*[�_�^x�{{+^+�`[�x{�Z�_?*@�+^�{?+^[+x`� �����!��� �����!!��
!� %��^[?+^+[�� ^x`<@'\[+x`� [Z?x@�Z� [Z�� ^x�{{+^+�`[� x{�

Z�_?*@�+^�{?+^[+x`����Z�\�?���*?�
�������"�� ����"���"�

�
s);D-��O�+&VV)W(k-2�0&/Z&/�(*<0WV)/(0*�0*�/_-�W-'&D/'�0<�_\2W)&D(,�)*2�-*-WB\�,)D,&D)/(0*�0<�)�

/|0KZ(Z-�'/W&,/&W-�(*�'&VV-W�)*2�|(*/-W�Z-W(02'�)/�/_-�(*/-W*)D�2()V-/-W�0<�/_-�Z(Z-D(*-����O���VV�
�
x�

%<[+'*[�_�+`_+^*[x?<� �`_+^*[x?�=*�@�<� �
� �@''�?�\�?+x_� �+`[�?�\�?+x_�

�� �*[�?�{�x��=��x^+[��+`�[Z��\+\��+`���']<�^� ������ ������
�� ~x�{{+^+�`[� x{� _�`*'+^� =+<^x<+[�� ?��*[�_� [x� [Z�� �+£@+_�

{�x����*#<��
������������ �����"����!�

�� ~x�{{+^+�`[�x{�_�`*'+^�=+<^x<+[��?��*[�_�[x�[Z��\+\���*���
[�'\�?*[@?����*#<��

�
������������

�
������������

"� ¡�`*'+^�=+<^x<+[��?*[+x� ���� ���"��
�� ~x�{{+^+�`[�x{��+`�'*[+^�=+<^x<+[��x{��+£@+_��'�]<�^�� ������������ ���������!�
�� |��`x�_<�`@'¤�?� ���������� ��"��"����
�� ~*�^@�*[�_�^x�{{+^+�`[�x{�Z�_?*@�+^�{?+^[+x`� �����!��� ���������
!� %��^[?+^+[�� ^x`<@'\[+x`� [Z?x@�Z� [Z�� ^x�{{+^+�`[� x{�

Z�_?*@�+^�{?+^[+x`����Z�\�?���*?�
���!���"�� �������!��

Vladimir A. Orlov, Sergey P. Zotkin, Dmitry V. Podolyan



129Volume 19, Issue 4, 2023

~x'\*?+`��[Z��=*�@�<�x{����^[?+^+[��^x`<@'\[+x`�
+`� �*¤��<� �� *`_� �� {x?� \x+`[<� !�� +����� �+[Z� *`_�
�+[Zx@[�^x`<+_�?*[+x`�x{��*[�?�*`_�\+\��+`���*���
[�'\�?*[@?�<�� [Z�?�� +<� *� _+<^?�\*`^��� �Z+<�
+`_+^*[�<� [Z�� +`{�@�`^��x{��*[�?� [�'\�?*[@?��x`�
���^[?+^+[��̂ x`<@'\[+x`:�*<�[Z��[�'\�?*[@?��+`�[Z��
�*[�?� <@\\��� <x@?^�� +`^?�*<�<�� ���^[?+^+[��
^x`<@'\[+x`� _�^?�*<�<�� �x?� �Ù*'\���� {x?� [Z��
�+`[�?� \�?+x_� [Z�� _+{{�?�`^�� +`� ���^[?+^+[��
^x`<@'\[+x`�+<�*<�{x��x�<:��
#�{x?�_+*'�[�?�""���"�''�����"���"�#��������"��
ã���������Z�\�?���*?��
#�{x?�_+*'�[�?�"�!����''��������!��#����!���"��
ã�����""���Z�\�?���*?����
�`�*__+[+x`�� +[� <Zx@�_�¤��`x[�_� [Z*[��=�`��+[Z�*�
<�+�Z[� _�^?�*<�� +`� [Z�� _+*'�[�?� x{� \x���[Z���`��
\+\�� �{?x'� ""���"� [x� "�!���� ''�� [Z�?�� +<� *`�
+`^?�*<��+`��`�?���^x<[<���x?��Ù*'\����{x?��+`[�?�
^x`_+[+x`<�+[�+<�����""�#�������ã����������Z�\�?�
��*?�x?������å��
�[�{x��x�<�[Z*[�[Z��_�<+�`�*`_�\x<<+¤���^x`[?x��x{�
[Z�� �*[�?� [?*`<\x?[*[+x`� \?x^�<<� ?�£@+?�<�
*^^x@`[+`��{x?�[�'\�?*[@?��{*^[x?<�[x�x¤[*+`�[Z��
'x<[�\?x¤*¤���=*�@�<�x{����^[?+^+[��^x`<@'\[+x`��
�[�+<�`�^�<<*?��[x�+`^�@_��_*[*�x`�[Z��[�'\�?*[@?��
\*?*'�[�?<�x{� [Z��\+\��+`���*���*`_� [?*`<\x?[�_�
�*[�?� +`� [Z�� \+\��+`�� `�[�x?�� ^x`<[?@^[+x`�
\?xÕ�^[<�*`_�[x�^*�^@�*[�����^[?+^+[��^x`<@'\[+x`��
�Z+<�+<�{*^+�+[*[�_�¤��'x_��+`����Z+^Z�*��x�<�[x�
+_�`[+{�� [Z�� x\[+'*�� \*?*'�[�?<� x{� �*[�?�
[?*`<\x?[*[+x`� \?x^�<<� ^x`[?x�� ¤*<�_� x`� [Z��
<�*?^Z� {x?� '+`+'@'� =*�@�<� x{� ���^[?+^+[��

^x`<@'\[+x`�� �<+`�� [Z�� ^*\*¤+�+[+�<� x{� [Z��
*@[x'*[�_� \?x�?*'�� ^*�^@�*[+x`<� x{� \x��?�
^x`<@'\[+x`�^*`�¤��^*??+�_�x@[�+`�*��+_��?*`���
x{�[�'\�?*[@?�<�x{�[Z��\+\���*����^x??�<\x`_+`��
'*[�?+*��*`_�_+*'�[�?��*`_�[?*`<\x?[�_��*[�?�{x?�
¤x[Z� `x?[Z�?`� *`_� <x@[Z�?`� ?��+x`<� *[� _+{{�?�`[�
=*�@�<� x{� �*[�?� {�x�� ?*[�<� *`_� =*�@�<� x{� [Z��
�{{+^+�`^��{*^[x?�x{�\@'\+`��@`+[<��
���x�� *?�� \?�<�`[�_� <@''*?�� ^*�^@�*[+x`� _*[*�
��*¤��<� �#���� *<� ����� *<� �?*\Z+^*�� '*[�?+*��
?��*?_+`��[Z��'x<[��^x`x'+^*��=*?+*`[�*'x`��[Z��
*�[�?`*[+=�<� +`� [�?'<�x{��`�?���^x<[� <*=+`�<� {x?�
�*[�?� [?*`<\x?[*[+x`� [Z?x@�Z� [Z�� ��*���+`+`�#
?�Z*¤+�+[*[�_� \+\��+`�<� �+[Z� _+{{�?�`[� _+*'�[�?<�
*`_��¡|�=*�@�<���Z��[*¤��<�^��*?���+��@<[?*[��[Z��
_�`*'+^<� x{� ^Z*`��� +`� <@^Z� +`_+^*[x?<� *<� �*���
[Z+^�`�<<� *`_� [Z�� =*�@�� x{� [Z�� `��� +`[�?`*��
_+*'�[�?� x{� [Z�� ?�\*+?�_� \+\��+`��� *<� ����� *<�
�`�?���^x<[<�_�\�`_+`��x`�[Z���¡|�x{�[Z��\+\��
*{[�?� [Z�� ?�^x`<[?@^[+x`�x{� [Z�� <[���� \+\��+`��¤��
��*���+`+`���
�Z�� {x��x�+`�� +`+[+*��_*[*���?��*_x\[�_� {x?� [Z��
^*�^@�*[+x`<:� \+\��+`�� '*[�?+*�� +<� <[���$� +`[�?`*��
_+*'�[�?� +<� !��� ''$� ��`�[Z� x{� [Z�� ?�\*+?�_�
<�^[+x`�+<�!���'$�_�<+�`��*[�?�{�x��?*[��+<������
'�]<��*[��Z+^Z�[Z��Z�*_��x<<�*�x`��[Z����`�[Z�+`�
[Z��<[����\+\��+`��+<������'$��{{+^+�`^��{*^[x?�x{�
[Z��\@'\�*`_����^[?+^�'x[x?�+<���å���
%Ù[�?`*��_+*'�[�?<�x{�[Z��`���\x��'�?�\+\��+`��
@<+`����*���+`+`��[�^Z`x�x���*?�:�_�ã�����''��
_�ã����''�*`_�_�ã!���''����

�
s);D-��O�1*2(,)/0W'�)/�0&/-W�2()V-/-W�0<�)�*-|�Z(Z-D(*-�2�������VV�

%<[+'*[�_�=*�@�<� +`%��� +`%��� +`%��� +`%��� +`%��� +`%"�� +`%���

�``�?� _+*'�[�?� x{� [Z�� `���
\+\��+`��*{[�?�?�`x=*[+x`��''�

��!�!"� �����!� ����"�� �����"� ����!"� �"!�!�� �������

�*��� [Z+^�`�<<� *{[�?�
^x'\?�<<+x`#<[?*+�Z[�`+`��
x\�?*[+x`<��''�

����!� ������ "!���� �!��!� ����!� ������ ������

Ý�*_� �x<<� *�x`�� [Z�� �`[+?��
��`�[Z� x{� [Z�� \+\��+`�� *{[�?�
?�`x=*[+x`��'�

��"�!� ������ ������ ����!� ��"��� ��"��� ��"���

}=�?*���*``@*�����^[?+^+[��<*=+`�<�
}�x`��[Z���`[+?����`�[Z�x{�[Z��
\+\��+`��[Zx@<*`_���Z]��*?�

#����"�� �!����� ������� ������� �"����� ������� �!�"���

Digital Tools in The Design Practice for Reconstruction of Underground Pipelines with Trenchless Methods



130 International Journal for Computational Civil and Structural Engineering

s);D-��O�1*2(,)/0W'�)/�0&/-W�2()V-/-W�0<�)�*-|�Z(Z-D(*-�2������VV�
%<[+'*[�_�=*�@�<� +`%��� +`%��� +`%��� +`%��� +`%��� +`%"�� +`%���

�``�?� _+*'�[�?� x{� [Z��
`��� \+\��+`�� *{[�?�
?�`x=*[+x`��''�

�����"� ������� ������� ����"�� �""�"�� ��"���� ����!��

�*��� [Z+^�`�<<� *{[�?�
^x'\?�<<+x`#
<[?*+�Z[�`+`��x\�?*[+x`<��
''�

!��!!� �"���� "��"�� �"���� ����!� ���!�� �!����

Ý�*_� �x<<� *�x`�� [Z��
�`[+?�� ��`�[Z� x{� [Z��
\+\��+`�� *{[�?�
?�`x=*[+x`��'�

����� ���!!� ������ ������ ��"��� ��"��� ���!��

}=�?*���*``@*�����^[?+^+[��<*=+`�<�
}�x`��[Z���`[+?����`�[Z�
x{�[Z��\+\��+`��[Zx@<*`_�
��Z]��*?�

#���""� ���"��� ���"�!� ���"��� ������� �!��"�� �������

�
s);D-��O�1*2(,)/0W'�)/�0&/-W�2()V-/-W�0<�)�*-|�Z(Z-D(*-�2������VV�

%<[+'*[�_�=*�@�<� +`%��� +`%��� +`%��� +`%��� +`%��� +`%"�� +`%���
�``�?� _+*'�[�?� x{� [Z��
`��� \+\��+`�� *{[�?�
?�`x=*[+x`��''�

��"�!� ������ ����!� ��!�!� ������ ������ ��!��

�*��� [Z+^�`�<<� *{[�?�
^x'\?�<<+x`#
<[?*+�Z[�`+`��x\�?*[+x`<��
''�

����� "��"� �!��� ����� �"��� ����� �����

Ý�*_� �x<<� *�x`�� [Z��
�`[+?�� ��`�[Z� x{� [Z��
\+\��+`�� *{[�?�
?�`x=*[+x`��'�

���"�� ������ ����� ��"��� ��"��� ��"��� ������

}=�?*���*``@*�����^[?+^+[��<*=+`�<�
}�x`�� [Z�� �`[+?�� ��`�[Z�
x{�[Z��\+\��+`��[Zx@<*`_�
��Z]��*?�

������ ������� �����!� ����!!� ���"��� �!����� "������

�
}^^x?_+`�� [x� [Z�� ?�<@�[<� x{� [Z�� 'x_��+`��
\?�<�`[�_� +`� �*¤��<� �#��� [Z�� {x��x�+`��
^x`^�@<+x`<�^*`�¤��_?*�`�x`� [Z��*\\�+^*[+x`�x{�
��*���+`+`��[�^Z`x�x���{x?�?�Z*¤+�+[*[+x`��x?�<:�
#� {x?� [Z�� ?*`��� x{� _+*'�[�?<� ^x`<+_�?�_� �������
����*`_�!���''���[Z���*?��?�[Z���¡|�=*�@���+�����
[Z�� <'*���?� [Z�� �*��� [Z+^�`�<<��� [Z�� <'*���?� [Z��
Z�*_��x<<�<�*�x`��[Z����`�[Z�x{�[Z��\+\��+`�$�
#�[Z��<'*���?�[Z��_+*'�[�?�x{�[Z��\+\��+`���[Z��
�x��?� [Z�� Z�*_� �x<<�<� *`_� [Z�� �?�*[�?� [Z��

*=�?*��� *``@*�� �`�?��� <*=+`�<�� �Z+^Z� +<�
^��*?��� +��@<[?*[�_� ¤�� �?*\Z+^*�� ?��*[+x`<Z+\<�
��+�@?����$�
#� *[��¡|����=*�@�<� {x?�\+\��+`�<��+[Z�_+*'�[�?�
_�ã�����''�*`_�_�ã����''�`x��`�?���<*=+`��
+<�*^Z+�=�_��`��*[+=��^*�^@�*[+x`�?�<@�[�$��
#�*[��¡|����[Z��=*�@�<�x{�*=�?*���*``@*���`�?���
<*=+`�<� {x?� [Z?��� _+*'�[�?<� x{� \+\��+`�<�
\?*^[+^*����^x+`^+_���
�

Vladimir A. Orlov, Sergey P. Zotkin, Dmitry V. Podolyan



131Volume 19, Issue 4, 2023

�
�

x(B&W-��O�hW)Z_'�<0W�)[-W)B-�)**&)D�-*-WB\�')[(*B'�j��/_0&')*2�^:_?\-)W��2-Z-*2(*B�0*�/_-�[)D&-�
0<�+`%�<0W�/_-�,0WW-'Z0*2(*B�Z(Z-D(*-�2()V-/-W��

�����VV�K�;D&-�4D0|-W�,&W[-5������VV�K�W-2�4V(22D-�,&W[-5������VV�K�BW--*�4&ZZ-W�,&W[-5�
�
6)=6Tr>*)=>
�
�Z�� *`*��<+<� x{� [Z�� �+[�?*[@?�� *`_� \?*^[+^�� x{�
_�<+�`+`�� ?�\*+?� *`_� ?�<[x?*[+x`� �x?�<� x`� [Z��
@`_�?�?x@`_� \+\��+`�� `�[�x?�� <Zx�<� [Z*[� [Z��
^@??�`[� <[*[�� x{� \+\��+`�<� x{� �*[�?� <@\\��� *`_�
_?*+`*���<�<[�'<�+`�[Z��^x@`[?+�<�x{�[Z���x?�_�+<�
@`<*[+<{*^[x?��� �Z�?�� +<� *� [�`_�`^�� x{� _�`*'+^�
��*?�x{�\+\��+`�<��+[Z��Ù^��_+`��[Z��`x?'*[+=��
<�?=+^�� �+{�� x{� [Z�+?� <�?=+^��� �Z+<� +`_+^*[�<� [Z��
`��_�{x?�?*\+_�?�\�*^�'�`[�x{�+`_+=+_@*��<�^[+x`<�
x{��`�+`��?+`��`�[�x?�<��
�Z�� [?�`^Z��<<� '�[Zx_<� *?�� \?x'+<+`��
*\\?x*^Z�<�[x�[Z��?�^x`<[?@^[+x`�x{�@`_�?�?x@`_�
\+\��+`�<���Z���*��x��[x�<+�`+{+^*`[���?�_@^��[Z��
[+'�� *`_� ^x<[� x{� ^x`<[?@^[+x`� �x?�<�� �`<@?��
?�<x@?^�� *`_� �`�?��� �{{+^+�`^�� x{� [Z��
?�^x`<[?@^[�_� \+\��+`�� <�<[�'<�� *<� ����� *<�
'*+`[*+`� x?�*`x��\[+^� ^Z*?*^[�?+<[+^<� x{�
[?*`<\x?[�_��*[�?�*`_�?�_@^��[Z��?+<��x{�Z*?'�[x�
[Z���`=+?x`'�`[��
�Z�� \�?{x?'�_� ?�<�*?^Z� Z*<� �<[*¤�+<Z�_� [Z��
*_=*`[*��<�x{�[?�`^Z��<<�?�^x`<[?@^[+x`�'�[Zx_<�
*`_�?�^x''�`_�_� [Z���+_��@<��x{���*���+`+`��
'�[Zx_���[�*��x�<�[x�*^Z+�=��*�_x@¤����{{�^[�*[�[Z��

<*'�� [+'�:� ?�<x@?^�� <*=+`��� *<� *{[�?� [Z�� ?�\*+?�
�*[�?� ��*�<� ��Ù{+�[?*[+x`�� *`_� �?x@`_�*[�?�
+`{+�[?*[+x`� +`[x� \+\��+`�<� �+`{+�[?*[+x`�� �+��� ¤��
��+'+`*[�_�� *<� ����� *<� �`�?��� <*=+`��� +�����
?�_@^[+x`� x{� �`�?��� ^x<[<� _@?+`�� �*[�?�
[?*`<\x?[*[+x`�� +`^�@_+`�� *[� _+{{�?�`[� *'¤+�`[�
[�'\�?*[@?�<��
Ý�_?*@�+^�*`_��`�?���^*�^@�*[+x`<�x{�*�[�x#\+\��
@`_�?�?x@`_� <[?@^[@?�� x{� *� ^�?[*+`� _+*'�[�?�
_@?+`��=*?+x@<�<�*<x`<�x{�[Z����*?�*?��\?�<�`[�_�
x`�<\�^+{+^��Ù*'\��<��+[Z�[Z��@<��x{�^x'\@[�?#
*+_�_�\?x�?*'<���Z+^Z�<Zx��_�[Z��\x<<+¤+�+[��x{�
<*=+`�� �`�?��� ?�<x@?^�<� _�\�`_+`�� x`�
[�'\�?*[@?��^x`_+[+x`<��
�
�
UMOMUM=6M>

���� H$C�"A?% 7#*#< M&:?8!�"% E#G#<

>?J?8"%�B$@$ M#E#� ¡+�+[*�� _�=��x\'�`[�
x{��*[�?�<@\\���*`_��*<[��*[�?�_+<\x<*��]]�
�Z�� ¤�<[� *=*+�*¤��� [�^Z`x�x�+�<� x{� �*[�?�
<@\\���*`_��*<[��*[�?�_+<\x<*����������x��
"��\����#�"�

Digital Tools in The Design Practice for Reconstruction of Underground Pipelines with Trenchless Methods



132 International Journal for Computational Civil and Structural Engineering

���� U@J$B?%<E#D#��@`_*'�`[*�<�x{� [?�`^Z��<<�
[�^Z`x�x�+�<��#×x<^x�:��?�<<��@?�*@��x�����
��������"�\��

���� EA�B�AP#7#<;�$&"%=#D#<r��$B?%$T#*#<
=$�!�"�A�B?%$ )#H#� ��^Z`x�x��� x{�
[?�`^Z��<<��*�+`��*`_�?�\*+?�x{��*[�?�<@\\���
*`_� �*[�?� _+<\x<*�� \+\��+`�<�� ]]�
%�*[�?+`¤@?�:� �?*�� �`+=�?<+[�� �@¤�+<Z+`��
Ýx@<���������!"�\��

"��� ��� ��������!�������� ð�*[�?� <@\\��� *`_�
�*[�?� _+<\x<*��� |@��<� x{� �`�+`��?+`�� *`_�
�x?�<�*[�?�<[x?*[+x`�x{�\+\��+`�<�¤��{��Ù+¤���
\x��'�?+^�<���=�<ð�

���� )&8?% 7#E#� �?�`^Z��<<� [�^Z`x�x�+�<� x{�
^x`<[?@^[+x`�*`_� ?�<[x?*[+x`�x{�\+\��+`�<�x{�
�*[�?�<@\\���*`_��*[�?�_+<\x<*��<�<[�'<��]]�
×x<^x�$�áx�x�_*:��`{?*#%`�+`��?+`���������
��!�\��

���� D&�:�A< )#5#� �*[�?� ��*�<�� ×x<^x�:�
�@¤�+<Z+`��Zx@<��x{�����×¢��������������\��

���� E8"B�$A9&?%7#*#<5%?C9"%)#H#<K$&"8�A
E#M#< G?&?C?% E#E#� }<<�<<'�`[� x{� [Z��
+`{�@�`^�� x{� [Z�� ?x@�Z`�<<� x{� [Z�� +``�?�
<@?{*^�� x{� Z�_?*@�+^� [?*`<\x?[� \+\��+`�<� x`�
[Z��=*�@��x{� <\�^+{+^� Z�*_� �x<<�<� ]]�×+`+`��
�£@+\'�`[�*`_����^[?x'�^Z*`+^<���������x�
����������\���"#"���

!��� D&?9?'�<)#E#�P$B'J!��B<D#D#�Ý�_?*@�+^�
^*�^@�*[+x`� x{� [Z�� \+\��+`�<� '*_�� x{�
\x��'�?+^�'*[�?+*�<�[*�+`��+`[x�*^^x@`[�[Z��
?x@�Z`�<<�\*?*'�[�?<�x{�[Z��+``�?�<@?{*^��x{�
[Z�� \+\�<� ]]� �*[�?� <@\\��� *`_� <*`+[*?��

#����
���� )��"&Q$89"& E#< D�IA"'& P#< ;'!!� 6#T#�

~�*?+{�+`��¤@<+`�<<�'x_��<:��?+�+`<��\?�<�`[��
*`_�{@[@?��x{�[Z��^x`^�\[��]]�~x''@`+^*[+x`<�
x{� [Z�� *<<x^+*[+x`� {x?� �`{x?'*[+x`� ��<[�'<��
������ �������x������\���#"��

�����T"CA?%<H#D#� %`�?��� <*=+`�� *`_� ?��@�*[�_�
_?+=�#+`� \@'\� *`_� ¤�x��?� +`<[*��*[+x`<� ]]�
×x<^x�:�%`�?�x*[x'+�_*[������������\����

�����58'��B?%< 5#=#� ("A��?%< 7#E#�
K&$���J"&I<G#*#%��^[?+^*�� �£@+\'�`[� *`_�
���^[?+^*�� <@\\���x{� [Z��^x`<[?@^[+x`�� ]]�×�:�
�[?x�+�_*[����!"������ ���

�����p?'I��$8"A U#< )�:$A E#< EB$A E#<
pQ$AI =#� �@`_*'�`[*�<� x{� Ý�_?*@�+^�

%`�+`��?+`����<[�'<���[Z��_+[+x`��]]���*?<x`��
��������!�\��

����� G��$� 5$%&�8$�<� )%�9�'
*%$A?%��%��^[?+^+[���x*_�\?�_+^[+x`�{x?��*[�?�
<@\\��� <�<[�'<� ]]� %`=+?x`'�`[*��
%`�+`��?+`�� *`_� ×*`*��'�`[� Ìx@?`*���
Ì@��]}@�@<[����!��áx�������?��"������:��!"��
#������

�"���H?A9$&"%< M#E#� �Z�?'*�� *`_� '�^Z*`+^*��
�{{�^[�x{��`�+`��?+`��<[?@^[@?�<��+[Z�{?x��`�
<x+�<��]]��x=x<+¤+?<�:��*@�*�������#��"�����

�����K'8�!CB?Q�B� E#< K'8�!CB?Q�B$ M#<
VQ�"&C!�?Q�B$ E#� ��^Z`x�x�+��

��_*�`+^[�x���+_��#�?����^�+������������\��
�����P'9�A$ E#O#< K?J"8"% M#E�� �``x=*[+=��

[�^Z`x�x�+�<�x{�[?�`^Z��<<��*�+`��x{�`���*`_�
?�\*+?� x{� x�_� �`�+`��?+`�� `�[�x?�<�� ]]�
�@���[+`�x{�~+=+��%`�+`��?<��������`x����������
\��\�����#��!�

�����ð¡��x=x�� ��[�?¤@?�ð�� ����_\�?@��
�������������x�������!"������\���

�!���K�&$:"AB?%>#7#��+'��[x�'*`*����*[�?��]]�
×x<^x�:� Ì�~� ×x<^x�� [�Ù[¤xx�<� *`_�
^*?[x�+[Zx�?*\Z������!���!��\��

�����)&8?%<7#E#�V?�B�A<D#�*A��$B?%$<G#E#�
~*�^@�*[+x`� x{� [Z�� ���^[?+^� \x��?�
^x`<@'\[+x`�*[��*[�?� [?*`<\x?[*[+x`� ¤�� [Z��
\?�<<@?�� \+\��+`�<�� ]]� ~�?[+{+^*[�� x{� <[*[��
?��+<[?*[+x`� x{� ^x'\@[�?� \?x�?*'� �x��
�����������{?x'��������������

�����)&8?% 7#E#< V?�B�A >#D#< V?�B�A$ *#E#<
K�&"A?%K#M��~*�^@�*[+x`�x{�[Z��x\�?*[+x`�
\*?*'�[�?<�x{� [Z��\+\��+`�<� ?�<[x?�_�¤�� [Z��
\?�#^x'\?�<<�_�\x��'�?�\+\�<��]]�~�?[+{+^*[��
x{� <[*[�� ?��+<[?*[+x`� x{� ^x'\@[�?� \?x�?*'�
�x�����"�������_*[�_����������"��

�
�


�
����

�

§�"�

Vladimir A. Orlov, Sergey P. Zotkin, Dmitry V. Podolyan



133Volume 19, Issue 4, 2023

���� �
# #

�
����

 

]]�

�
"��� ���������!�������� � �

� � �
� � � �

� � �
� �

���� �

�

# �
���� � � §�

�
����

 #�

§"���
!��� �

����§����
���� )��"&Q$89"& E#< D�IA"'& P#< ;'!!� 6#T#

~�*?+{�+`�� ¤@<+`�<<� 'x_��<:� �?+�+`<��
\?�<�`[�� *`_� {@[@?�� x{� [Z�� ^x`^�\[�� ]]�
~x''@`+^*[+x`<� x{� [Z�� *<<x^+*[+x`� {x?�
�`{x?'*[+x`���<[�'<��
�#"��

����� �

�

�����


��!"������ ���
�����p?'I��$8"A U#< )�:$A E#< EB$A E#<

pQ$AI =#� �@`_*'�`[*�<� x{� Ý�_?*@�+^�
%`�+`��?+`����<[�'<���[Z��_+[+x`��]]���*?<x`��
��������!�\��

����� G��$� 5$%&�8$�<)%�9�'
*%$A?%��%��^[?+^+[���x*_�\?�_+^[+x`�{x?��*[�?�
<@\\��� <�<[�'<� ]]� %`=+?x`'�`[*��
%`�+`��?+`�� *`_� ×*`*��'�`[� � Ìx@?`*���
Ì@��]}@�@<[����!��áx�������?��"������:��!"��
#������

�"��� �

]]�
#� �

�����K'8�!CB?Q�B� E#< K'8�!CB?Q�B$ M#<
VQ�"&C!�?Q�B$ E#� ��^Z`x�x�+��
¤�����x\x��� �� +` �`+�?++� ?x_x�+<�*�� ]]�
��_*�`+^[�x���+_��#�?����^�+������������\��

����    �
� �

� � � �
� � � � ]]�
� � � ������

��������� ����§��!��
����� ����_\�?@��

�
�!��  �� � � �

]]� � � � � �
����!���!�� �

�����
�

� ]]�

�
�����

�

]]�

���������"�

Digital Tools in The Design Practice for Reconstruction of Underground Pipelines with Trenchless Methods



134 International Journal for Computational Civil and Structural Engineering

bWD0[� UD)2(V(W� YO�� �?x{�<<x?�� ¡x^[x?� x{� ��^Z`+^*��
�^+�`^�<$� �*[+x`*��|�<�*?^Z� ×x<^x�� �[*[�� ~x`<[?@^[+x`�
�`+=�?<+[�� ����� ×�~���� |@<<+*�� �������� ×x<^x��� ���
 *?x<�*=<�x���Zx<<�$�%#'*+�:��?�x=á}>'�<@�?@��
�
�
�
�
w0/^(*� +-WB-\� XO�� �?x{�<<x?�� ~*`_+_*[�� x{� ��^Z`+^*��
�^+�`^�<$� |@<<+*�� �*[+x`*�� |�<�*?^Z� ×x<^x�� �[*[��
~x`<[?@^[+x`� �`+=�?<+[�� ����� ×�~���� |@<<+*�� ��������
×x<^x��� ���  *?x<�*=<�x�� �Zx<<�$� %#'*+�:�
çx[�+`��>'�<@�?@��
�
�
�
�
X020D\)*�`V(/W\� UO�� �Z¡� <[@_�`[$��*[+x`*��|�<�*?^Z�
×x<^x���[*[��~x`<[?@^[+x`��`+=�?<+[�������×�~����
|@<<+*����������×x<^x������ *?x<�*=<�x���Zx<<�$�%#
'*+�:�_+'�\#����>�*`_�Ù�?@��

%#'*+�:��?�x=á}>'�<@�?@��
�

%#'*+�:�çx[�+`��>'�<@�?@��
�
�

�

�
��$�%#'*+�:�_+'�\#����>�*`_�Ù�?@�
�
�
�
�

Vladimir A. Orlov, Sergey P. Zotkin, Dmitry V. Podolyan


