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�$%&'()�*+�,)(-%./0�1).-%23�%345)�623%-2(%3&�02./-%23�78�89:�;<=>:�?@<;8@A;<B�C8D8;@<E�8F@�:G8:<C@?:8:AC�F:A:�;<C8DHH:IE�@<:�;<�89:�A@@JE�D<I�@<:�;<�89:�A;=K�L;?;HDAH>E�8F@�B:@M9@<:C�F:A:�DHC@�;<C8DHH:IE�@<:�;<�89:�A@@J�D<I�@<:�;<�89:�A;=K�N@�?@<;8@A�89:�C8A:CC�O9D<B:E�@<:�P<;DG;DH�D<I�@<:�=;DG;DH�C8A:CC?:8:A�F:A:�;<C8DHH:I�;<�89:�A;=K�N9:�@P8=>:�?@<;8@A;<B�C8D8;@<�?;AA@A:I�89:�;<=>:�?@<;8@A;<B�O@<J;BPAD8;@<K�7�8@8DH�@J�Q�8A;RDG;DH�B:@M9@<:CE�Q�C8A:CC?:8:AC�D<I�Q�:G8:<C@?:8:AC�F:A:�;<C8DHH:I�D8�89:�8F@�?@<;8@A;<B�C8D8;@<CK�N9:�I;COPCC;@<�;<�89;C�MDM:A�F;HH�=:�J@OPC:I�@<H>�@<�89:�C8A:CC�D<I�?;OA@C:;C?;O�?@<;8@A;<B�A:CPH8C�IP:�8@�MDB:�H;?;8D8;@<C�DCC@O;D8:I�F;89�89;C�MDM:AK�N9:�I;CMHDO:?:<8�?@<;8@A;<B�A:CPH8C�DA:�O@<C;C8:<8�F;89�A:CPH8C�A:M@A8:I�;<�L9:<E�:8�DHKE�STUVWXK��� YZ[\]Ẑ \[_�̂ àbc]a�d<:�@J�89:�e:>�@=f:O8;g:C�@J�89:�J;:HI�?@<;8@A;<B�MA@BAD?�FDC�8@�@=8D;<�hPD<8;8D8;g:�:g;I:<O:�@J�89:�C8A:CC�O9D<B:�DA@P<I�D�?Df@A�B:@H@B;ODH�C8APO8PA:�C;<O:�89:�C8A:CC�O@<O:<8AD8;@<�;C�O@<C;I:A:I�8@�=:�D�e:>�O@<8A;=P8@A�8@�O@DH�=PAC8K�i<�j;<:�7�89:�8DAB:8:I�?Df@A�B:@H@B;ODH�C8APO8PA:�FDC�D�CP=Rg:A8;ODH�I>e:E�I;MM;<B�8@�89:�C@P89�D8�D<�DMMA@G;?D8:�I;M�D<BH:�@J�klm�R�nUmK�i8�9DI�D�F;I89�@J�DMMA@G;?D8:H>�VKl�?�D8�89:�?@<;8@A;<B�H@OD8;@<K�NF@�;I:<8;ODH�C:8C�@J�?@<;8@A;<B�C:<C@AC�SC8A:CC?:8:ACE�:G8:<C@?:8:AC�D<I�B:@M9@<:CX�F:A:�;<C8DHH:I�=@89�C;I:C�@J�89:�I>e:�D8�D�I;C8D<O:�@J�VURTU�?K�N9:�D;?�FDC�8@�I;A:O8H>�O@?MDA:�89:�C8A:CC:C�D<I�B:@8:O9<;ODH�O@<I;8;@<C�D8�89:�8F@�C;I:C�IPA;<B�H@<BFDHH�?;<;<BE�D<I�9:<O:�hPD<8;J>�89:�;<JHP:<O:�@J�89:�I>e:�@<�89:�A;Ce�@J�O@DH�=PAC8K�o-()11�.p/3&)����qrstustv�wxyzww{zxzyw�NF@�P<;DG;DH�C8A:CC?:8:AC�F:A:�;<C8DHH:I�;<�89:�M;HHDA�=:8F::<�A@DIFD>�9:DI;<BC�|�D<I�}E�;<�8F@�;<OH;<:I�=@A:9@H:C�IA;HH:I�JA@?�89:�|�9:DI;<BK�L8A:CC?:8:A�~VV�FDC�H@OD8:I�;<=>:�@J�89:�I>e:�D8�D�I;C8D<O:�@J�VU�?E�F9:A:DC�89:�L8A:CC?:8:A�~VT�FDC�@P8=>:�D8�D�C;?;HDA�I;C8D<O:K�|@89�C8A:CC?:8:AC�F:A:�;<C8DHH:I�D8�89:�=@A:9@H:�I:M89�@J�D=@P8��Rn�?�JA@?�89:�|�9:DI;<BK�N9:�P<;DG;DH�C8A:CC?:8:AC�@<H>�?:DCPA:�@<:RI;?:<C;@<DH�C8A:CC�O9D<B:K�|:ODPC:�89:�C8A:CC?:8:AC�F:A:�;<OH;<:I�D8�D<�D<BH:�@J��Um�PMFDAICE�89:>�DO8PDHH>�?:DCPA:I�89:�:hP;gDH:<8�C8A:CC�O9D<B:�;<�89:�I;A:O8;@<�@J��Um�JA@?�89:�9@A;�@<K��;BPA:���C9@FC�89:�?:DCPA:I�C8A:CC�O9D<B:�;<�89:�M;HHDA�;<�89:�M:A;@I�JA@?�89:�Tl89��@g:?=:A�TUVk�8@�89:�T�AI�7MA;H�TUVnK�N9;C�M:A;@I�O@g:AC�89:�OA;8;ODH�M:A;@I�F9:<�89:�H@<BFDHH�JDO:�8ADg:HH:I�JA@?�QTT?�;<�JA@<8�@J�89:�I>e:�89A@PB9�8@�F9:<�;8�FDC�TT�?�MDC8�89:�I>e:K�N9:�=HDOe�OPAg:�;<��;BPA:���C9@FC�89:�H@<BFDHH�I;C8D<O:�8@�89:�I>e:E�D<I�89:�=HP:�D<I�A:I�OPAg:C�DA:�89:�?:DCPA:I�C8A:CC�D8�89:�;<=>:�D<I�@P8=>:�H@OD8;@<CK�L8A:CC�O9D<B:C�;<�89:�M;HHDA�O@PHI�=:�@=C:Ag:I�C8DA8;<B�JA@?�89:�VW89��D<PDA>�TUVn�F9:<�89:�H@<BFDHH�JDO:�FDC�D=@P8�VlU?�JA@?�89:�I>e:K�7C�89:�H@<BFDHH�?;<;<B�DMMA@DO9:I�89:�I>e:E�89:�C8A:CC�O9D<B:�D8�=@89�?@<;8@A;<B�H@OD8;@<C�;<OA:DC:I�:GM@<:<8;DHH>�P<8;H�89:�VQ89��:=APDA>�TUVn�F9:<�89:�JDO:�MDCC:I�=>�89:�I>e:�D8�D�I;C8D<O:�@J��U?K�N9:�?;<;<B�FDC�89:<�C8@MM:I�J@A�VT�ID>CE�D<I�O@<C:hP:<8H>�<@�C;B<;J;OD<8�C8A:CC�O9D<B:C�F:A:�A:O@AI:I�IPA;<B�89;C�M:A;@IK�N9;C�I:?@<C8AD8:C�D�OH@C:�O@AA:HD8;@<�=:8F::<�89:�?;<;<B�MA@BA:CC�D<I�89:�M;HHDA�C8A:CC�O9D<B:K�

�



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

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

�#$%&'(�)*�+(,-&'(.�-&/01('2$3,4�-2'(--�35,6%(�$6�25(�7$44,'�,2�/825�-$.(-�89�25(�.:;(�&-$6%�&6$,<$,4�-2'(--=(2('->�?@AB�CDBEFGCC�HIBIBE�FGJ�KAJLHAM�DB�N@A�OPN@�QARKLGKS�OTUVW�N@A�HAGJLKAM�JNKAJJ�X@GBEA�XDBNIBLAM�ND�IBXKAGJAY�ZN�IJ�IBNAKAJNIBE�ND�BDNA�N@GNW�MLKIBE�N@A�[AKIDM�\KDH�N@A�]N@ND�N@A�U]N@�̂GKX@�OTUV�F@AB�N@A�CDBEFGCC�\GXA�FGJ�JDHA�VT_̀T�H�[GJN�N@A�MSaAW�N@A�DLNRSA�JNKAJJ�X@GBEA�MKD[[AM�RS�TYO�b̂G�F@ICA�N@A�IBRSA�JNKAJJ�X@GBEA�XDBNIBLAM�ND�IBXKAGJAY�c@IJ�XDLCM�@GdA�RAAB�XGLJAM�RS�N@A�J@AGKIBE�GCDBE�N@A�MSaA�MLKIBE�N@A�XGdIBE�[KDXAJJW�F@IX@�XDLCM�@GdA�KACAGJAM�N@A�dAKNIXGC�JNKAJJ�DLNRSA�GBM�IBXKAGJAM�N@A�CDGM�IBRSAY�c@A�JNKAJJ�X@GBEA�KGNA�JCDFAM�MDFB�EKGMLGCCS�GJ�N@A�CDBEFGCC�\GXA�[GJJAM�RASDBM�N@A�MSaA�RS�JDHA�UeT�HY�fB�IH[DKNGBN�DRJAKdGNIDB�IJ�N@GN�N@A�HAGJLKAM�[ICCGK�JNKAJJ�IBXKAGJA�GN�N@A�IBRSA�CDXGNIDB�IJ�JIEBI\IXGBNCS�@IE@AK�N@GB�N@GN�GN�N@A�DLNRSA�CDXGNIDBY�?@AB�N@A�CDBEFGCC�\GXA�FGJ�eT�H�[GJN�N@A�MSaAW�N@A�JNKAJJ�IBXKAGJAJ�GN�N@A�NFD�CDXGNIDBJ�FAKA�UYO�̂ bG�GBM�TYg�̂ bGW�KAJ[AXNIdACSY��?@AB�N@A�CDBEFGCC�FGJ�OTT�H�[GJJAM�N@A�MSaAW�N@AJA�dGCLAJ�FAKA�OYh�̂bG�GBM�UYP�̂bGY�c@A�DdAKGCC�MI\\AKABXA�IB�N@A�JNKAJJ�HGEBINLMA�GN�N@A�IBRSA�GBM�DLNRSA�JIMAJ�D\�N@A�MSaA�FGJ�eT_hTiY�c@IJ�@IE@CIE@NJ�N@A�JIEBI\IXGBN�IB\CLABXA�D\�N@A�MSaA�DB�JNKAJJ�KA_MIJNKIRLNIDB�IB�INJ�dIXIBINSY�jLKIBE�CDBEFGCC�HIBIBEW�N@A�MSaA�XDLCM�@GdA�GXNAM�GJ�G�RGKKIAK�\DK�JNKAJJ�NKGBJ\AK�MLA�ND�N@A�J@AGK�HDdAHABN�GCDBE�N@A�MSaAY�c@A�MI[�MIKAXNIDB�D\�N@A�MSaA�@GM�G�HGkDK�IB\CLABXA�DB�N@A�JNKAJJ�XDBXABNKGNIDB�[GNNAKB�GKDLBM�N@A�MSaAY�c@A�lmnopqop�rnsst�uv�wmx�yz{x�ru|sy�wn{x�}u~x��w~x���wmno�wmx�lvuuwrnsst�����������������������cFD�RIG�IGC�JNKAJJHANAKJ�FAKA�IBJNGCCAMW�DBA�GN�AGX@�D\�N@A�NFD�JIMAJ�D\�N@A�MSaAY�c@AS�FAKA�IBJNGCCAM�IB�NFD�JLR_@DKI�DBNGC�RDKA@DCAJ�GN�G�MA[N@�D\�h�H�IBND�KIRW�@ABXA�HAGJLKIBE�N@A�NFD_MIHABJIDBGC�JNKAJJAJ�IB�N@A�[ICCGK�IB�G�dAKNIXGC�XKDJJ�JAXNIDB�[GKGCCAC�ND�N@A�KDGMFGS�G�IJY�QIELKA�h�J@DFJ�N@A�HAGJLKAM�HGkDK�[KIBXI[GC�JNKAJJ�X@GBEA��b��GBM�HIBDK�[KIBXI[GC�JNKAJJ�X@GBEA�����IB�N@A�KIR�\KDH�N@A�DLNRSA�CDXGNIDBY�ZB�N@IJ�XGJAW�b�FGJ�G[[KD�IHGNACS�IB�N@A�dAKNIXGC�MIKAXNIDB�GBM���IB�N@A�@DKI�DBNGC�MIKAXNIDBY��B\DKNLBGNACSW�N@A�RIG�IGC�JNKAJJHANAK�GN�N@A�IBRSA�CDXGNIDB�G[[AGKJ�ND�@GdA�HGC\LBXNIDBAM�GBM�MIM�BDN�KANLKB�GBS�dGCIM�KAGMIBEY�c@A�HAGJLKAM�JNKAJJ�X@GBEAJ�\KDH�N@A�DLNRSA�RIG�IGC�JNKAJJHANAK�IB�QIELKA�h�J@DFAM�G�JIHICGK�NKABM�ND�N@DJA�IB�QIELKA�e�\KDH�N@A�LBIG�IGC�JNKAJJHANAKJW�RLN�N@A�HGEBINLMA�D\�N@A�JNKAJJ�X@GBEAJ�FGJ�HLX@�@IE@AKY�c@A�HAGJLKAM�dAKNIXGC�JNKAJJ�X@GBEA�FGJ�VY]�̂ bG�\KDH�N@A�RIG�IGC�JNKAJJHANAKW�XDH[GKAM�FIN@�N@A�UYP�̂bG�\KDH�N@A�LBIG�IGC�JNKAJJHANAK�F@AB�N@A�CDBEFGCC�\GXA�FGJ�RASDBM�N@A�MSaA�RS�JDHA�OOP�HW�RDN@�GN�N@A�DLNRSA�JIMA�D\�N@A�MSaAY�c@IJ�@LEA�MI\\AKABXA�XDLCM�RA�[GKNIGCCS�XGLJAM�RS�NFD�



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

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

#$%&'()*�+,-�./0�12$32$4�)&(0))50&0(�6$)�4'%$&07�28�&/0�('$76$9�(21�6/0(0�$�/2:/�)&(0))�%'8%08&($&2'8�032)&07�7;0�&'�('$76$9�03%$<$&2'8=�./0�;82$32$4�)&(0))50&0(�6$)�28)&$4407�28�&/0�(''#�%'$4�$1'<0�&/0�(21>�6/0(0�&/0�)&(0))�%'8%08&($&2'8�)/';47�10�5;%/�40))=�+?-�./0�12$32$4�)&(0))50&0(�50$);(07�&/0�<0(&2%$4�)&(0))�6/0(0$)�&/0�;82$32$4�)&(0))50&0(�'849�50$);(07�&/0�)&(0))�$&�$�@AB�$8:40�#('5�&/0�<0(&2%$4�72(0%&2'8=���C$)07�'8�&/2)�%'5D$(2)'8>�&/0�5$:82&;70�'#�<0(&2%$4�)&(0))�%/$8:0�28�&/0�(21�%';47�10�$1';&�#2<0�&250)�&/0�5$:82&;70�'#�50$);(07�)&(0))�%/$8:0)�28�&/0�(''#�%'$4�;)28:�&/0�;82$32$4�)&(0))50&0()=�E#�&/0�)$50�D('D'(&2'8�/'47)�#'(�&/0�28190�4'%$&2'8�$)�#'(�&/0�';&190�4'%$&2'8>�&/0�&'&$4�)&(0))�28%(0$)0�$&�&/0�28190�4'%$&2'8�%';47�10�$)�/2:/�$)�,?�FG$=�./2)�6';47�10�'8�&'D�'#�&/0�032)&28:�(21�)&(0))�$&�$8�'<0(1;(708�70D&/�'#�?HA�5�$&�&/0�5'82&'(28:�4'%$&2'8>�6/2%/�2)�:(0$&0(�&/$8�&/0�28�)2&;�<0(&2%$4�)&(0))�'#�I�FG$=�./0�(0);4&$8&�&'&$4�)&(0))�'#�J,K�FG$�28�&/0�(21�2)�%4')0�&'�'(�03%007)�&/0�;82$32$4�%'5D(0))2<0�)&(08:&/�'#�&/0�%'$4>�$87�/08%0�5$9�%$;)0�4'%$42)07�#$24;(0)=����
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	Stress change near a major geological structure during longwall mining
	Recommended Citation

	2021 ROC proceedings .pdf

