
University of Wollongong University of Wollongong 

Research Online Research Online 

Resource Operators Conference Faculty of Engineering and Information 
Sciences 

2024 

Finite element modelling of fully encapsulated cable bolts in laboratory Finite element modelling of fully encapsulated cable bolts in laboratory 

large scale pull out test large scale pull out test 

Ashkan Rastegarmanesh 

Ali Mirzaghorbanali 

Kevin McDougall 

Naj Aziz 

Sina Anzanpour 

See next page for additional authors 

Follow this and additional works at: https://ro.uow.edu.au/coal 

Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 

https://ro.uow.edu.au/
https://ro.uow.edu.au/coal
https://ro.uow.edu.au/eis
https://ro.uow.edu.au/eis
https://ro.uow.edu.au/coal?utm_source=ro.uow.edu.au%2Fcoal%2F913&utm_medium=PDF&utm_campaign=PDFCoverPages


Authors Authors 
Ashkan Rastegarmanesh, Ali Mirzaghorbanali, Kevin McDougall, Naj Aziz, Sina Anzanpour, and Hadi 
Nourizadeh 



�������������������������������������������������������������	
�����
���
�������
����������������

�������������� �!!��"��"#�$�%�&'���()(*��������������������������������������������������������������������+,)�

-./.01�12131/0�345122./6�4-�-7228�1/9:;<72:015�9:=21�=420<�./�2:=4>:04>8�2:>61�<9:21�;722�470�01<0�:?@ABC�>B?DEFBGHBCE?@IJ�:KL�3LGMBF@NGOBCBKLPJ�QERLC�3S5NTFBKKUJ�/BV�:MLMWJ�<LCB�:CMBCXNTGYJ�ZB[L�/NTGLMB[E@\�]̂ _̀ �]�̀ a�bcdeffghi�jklfe�lcfmn�gh�hopeqgjkf�ncrmskqe�gn�k�jtkffehighi�mknuv�wklfen�kqe�pkde�rqcp�pofmgxfe�nmqkhdn�scohd�mciemteq�khd�steh�fckdedy�mtez�mehd�mc�kjm�gh�k�skz�pcqe�jcpxfe{�pkhheq�mtkh�qcju�lcfmnv�|tgn�nmodz�oned�fklcqkmcqz�dkmk�rqcp�fkqie�njkfe�xoff�com�menmghi�cr�roffz�ehjkxnofkmed�jklfe�lcfmn�onghi�jepehmgmgcon�iqcomv�}�rghgme�efepehm�pemtcd�skn�kdcxmed�khd�k�neqgen�cr�ehigheeqghi�ngpxfgrgjkmgchn�khd�knnopxmgchn�seqe�pkde�mc�ghjqekne�mte�errgjgehjz�cr�mte�pcdefv�|te�qenofmn�seqe�klfe�mc�gffonmqkme�k�lemmeq�jkxklgfgmz�gh�pcdeffghi�mte�lofled�jklfen�jcpxkqed�mc�mte�xfkgh�jklfenv�}fncy�mte�nehngmg~gmz�khkfzngn�xqcxcned�mtkm�ghjqeknghi�jklfe�dgkpemeq�rcq�k�ig~eh�tcfe�ng�e��dejqeknghi�iqcom�khhofon�mtgjuhenn��jkh�ghjqekne�mte�c~eqkff�xeku�fckd�~kfoey�ngpgfkq�mc�kh�ghjqekne�gh�jchjqeme�jchrghepehmy�iqcom�ohgk{gkf�jcpxqenng~e�nmqehimty�khd�lofl�ng�ev��./0>45790.4/�bcdeffghi�qcju�lcfmn�khd�jklfe�lcfmn�gh�hopeqgjkf�ncrmskqe�gn�hcm�k�hes�ohdeqmkughiv��kqgcon�nmodgen�tk~e�leeh�jkqqged�com��tcse~eqy�pcnm�nmodgen�kqe�rcjoned�ch�qcju�lcfmnv��kfkfgrkq�khd�}�g���������seqe�kpchi�mte�xecxfe�stc�oned�rghgme�efepehm�pemtcdn�mc�pcdef�qcju�lcfmn�gh�ntekq�onghi�mte�noqrkje�mc�noqrkje�jchmkjm�pcdef�gh�}hnznv��ge�em�kfv��������jchdojmed�kh�e{mehng~e�hopeqgjkf�nmodz�ch�khjtcq�lcfmny���lcfmny�nxfgm�nemny�khd�roffz�ehjkxnofkmed�lcfmn�gh�xoff�com�menmn�nol�ejm�mc�pofmgxfe�fckdghi�jchdgmgchn�nojt�kn�dqcx�menmghi�onghi�dgnjchmghoen�dercqpkmgch�khkfzngnv�bcqmk�k~g�khd�}fk~g��������oned���}w���mc�pcdef�roffz�iqcomed�qcju�lcfmn�nol�ejmed�mc�dzhkpgj�fckdghi�khd�gh~enmgikmed�~kqgcon�meqpghkmgch�jchrgioqkmgchnv�wteh��������omgfgned���}w���mc�pcdef�xoff�com�e{xeqgpehmn�dche�ch�xfkgh��oxeqnmqkhd�khd�lofled�b���jklfen�gh�k�pcdgrged�����|�nemoxv�|te�
��������efepehm�gh���}w�skn�jtcneh�kn�gm�jkh�pcdef�mte�nmqkgh�ncrmehghi�letk~gcoq�neeh�gh�mte�menmn��enxejgkffz�mte�b���jklfe�v�|te�qenofm�ntcsed�k�~eqz�iccd�jcqqefkmgch�mc�mte�e{xeqgpehmkf�dkmkv�|ktpknelghgk�em�kfv��������omgfg�ed�}lk�on�mc�pcdef�mte�dcolfe�ntekq�menm�ch�jklfe�lcfmn�gh�nmkmgj������� �¡����¢�� �£�¤¥�¦§̈����©¦�§ª���«�����¬y�������nmodgen�ch�dzhkpgj�qenxchne�cr�jklfe�lcfmn�onghi�mte�nkpe�hopeqgjkf�xkjukiey�noiienmghi�k�jcnm�errejmg~e�pemtcd�mc�pcdef�jklfe�lcfmn�nol�ejmed�mc�dqcx�ntekq�menmghiv�/THEGLSBK�XBSABFE?�}jjcqdghi�mc�bkqmgh�������y�w��}��w�w�gn�rghgme�efepehm�ncrmskqe�de~efcxed�lz�mte��qehjt��w�w���klcqkmcgqe�wehmqkf�den��chmn�em�wtkonn®en��mtkm�xqc~gden�k�qeghrcqjghi�efepehm�enxejgkffz�kgped�km�iqcohd�ghmeqkjmgchnv�|tgn�che�dgpehngchkf�efepehm�jkh�chfz�jkqqz�mehngfe�cq�jcpxqenng~e�fckdnv�|te�pcdef�dcen�hcm�ghjcqxcqkme�mte�iqcom�kn�k�nexkqkme�pedgop�doe�mc�gmn�pojt�fcseq�nmgrrhenn�jcpxkqed�mc�mte�jklfev�̄hnmekdy�mte�iqcomy�sgmt�kh�knnopxmgch�cr�ohgrcqp�ntekq�dgnmqglomgchy�gn�pcdeffed�mtqcoit�jklfe�ghmeqrkje�xqcxeqmgen�nojt�kn�nmgrrhenn����y�mehngfe�nmqehimty�jctengchy�rqgjmgch�khifey�dgfkmgch�khife�khd�ghmeqrkje�ntekq�nmgrrhenn��°n��stgjt�jkh�le�kj�ogqed�lz�fklcqkmcqz�menmghi�gh�ngpgfkq�jchdgmgchn�mc�mte�rgefd�cqy�kjjcqdghi�mc�}f�±kffku�������y�le�k�rohjmgch�cr�mte�jctengch�khd�rqgjmgch�khifev��̄�����gn�k�rghgme�efepehm�hopeqgjkf�xkjukie�jkxklfe�cr�qohhghi�ieheqkf�jchnmgmomg~e�pcdef�jcden�de~efcxed�km��kqgn|ejt��bkqmghy������v�|te�xkjukie�gn�jkxklfe�cr�pcdeffghi�roffz�iqcomed�lcfmnv�|te�lcfmn�kqe�pcdeffed�onghi�msc�nemn�cr���hcde�efepehmn�stgjt�kffcsn�mtep�mc�jkqqz�k{gkf�khd�lehdghi�fckdn�lz�tk~ghi�mte�jqcnn�nejmgchkf�kqeky�nejchd�pcpehmy�²cohi©¦�pcdofony�khd��cgnnch�qkmgc�cr�mte��³�����
����
�́	�	
��µ���
¶���·�̧�¶¹�
�¶�º����_�	�»�
��¼	�������½·�¾¿�¶�a������À�
¿����»ÁÀ¿�¶�Â��¿���_�»��������¶¹¶��¾�À¶���
¶�À���½�_	
¹�º¶�À·�̧�¶¹�
�¶�º����_�	�»�
��¼	�������½·�¾¿�¶�a�]�¶Âµ¶
Ã�À»�
�����¶Á	�¶�ÄÂ�½	Â�	�Å�_�»��������¶¹¶��¾�À¶���
¶�À���½�_	
¹�º¶�À·�̧�¶¹�
�¶�º����_�	�»�
��¼	�������½·�¾¿�¶�a�Æ�¹¶�Âµ�Ç�	À���Á	�¶�ÄÂ�½	Â�	���_�»��������¶¹¶�·�µ¶�¶�À�È�¾�¹¶
��¿������¾�À¶���
¶�À·�̧�¶¹�
�¶�º����É�����À��À·�¾¿�¶�a�Ê�ËÁ	�ÌÂ�½	Â�	�Í�_�»��������¶¹¶�·�µ¶�¶�À�È�¾�¹¶
��¿������¾�À¶���
¶�À·�̧�¶¹�
�¶�º����É�����À��À·�¾¿�¶�a��¶����Ã���	
ÁÀ¿�¶�Â��¿�Î�����
����
�́	�	
��µ���
¶���·�̧�¶¹�
�¶�º����_�	�»�
��¼	�������½·�¾¿�¶�a�Ï�½¶ÂÊ�	
¶Ã�½�»Á	�¶�ÄÂ�½	Â�	�



�������������������������������������������������������������	
�����
���
�������
����������������

�������������� �!!��"��"#�$�%�&'���()(*��������������������������������������������������������������������+,+�
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