
FRACTURE MECHANICS ANALYSIS 
 
Computation of fracture parameters, such as the stress intensity factors or 
energy release rate, using finite element analysis requires either a refined 
mesh around the crack tip or the use of "special elements" with embedded 
stress singularity near the crack tip. Although conceptually the stress intensity 
factors are obtained in a straightforward manner, finite element analyses 
with conventional elements near the crack tip always underestimate the 
sharply rising stress-displacement gradients. 
 
Instead of trying to capture the well-known 1 / r  singular behavior with 
smaller and smaller elements, Henshell and Shaw (1975) and Barsoum 
(1976, 1977) introduced a direct method by shifting the mid-side node of an 
8-noded isoparametric quadrilateral element to the one-quarter point from 
the crack tip node. Relocating the mid-side nodes to the one-quarter point 
achieves the desired 1 / r singular behavior. In the case of linear elastic 
deformation, the elements PLANE2 (2-D, 6-noded triangle),��PLANE82  
(2-D, 8-noded quadrilateral), and SOLID95 (3-D, 20-noded brick) in ANSYS 
are used to obtain the well-established singular stress field by shifting the 
mid-side nodes one-quarter away from the crack tip. 
 
Once an accurate stress field is obtained, fracture parameters (i.e., stress 
intensity factors, J-integral, and energy release rate) can be calculated within 
the ANSYS postprocessor. 
 
As an extension of the node collapsing approach, Pu et al. (1978) showed 
that the stress intensity factors, KI  and KII for opening and sliding modes, 
respectively, can be computed directly from the nodal displacements on 
opposite sides of the crack plane as 

��
 
in which 0r  , usually restricted to one or two percent of the crack length, is 
the distance from the crack tip to the first side-node behind the crack tip, as 
shown in Fig. 8.68. The shear modulus is G, and the parameters are 

3 /1� �� ���N �Q �Q and 3 4� ���N �Q for plane stress and strain idealizations, 
respectively. 



 

 

 
 



Under plane strain assumptions, the computation of the stress intensity factors 
within ANSYS is demonstrated by considering a strip with an inclined 
edge crack, as shown in Fig. 8.69. The crack is 1 in long and has an inclination 
angle of 45°. The width and length of the strip are 5 in and 25 in, respectively. 
The bottom surface of the strip is constrained in both directions while the top 
surface is subjected to a tensile load of 100 psi. Elastic modulus and Poisson's 
ratio of the strip are 30x106 psi and 0.3, respectively. 
 
In the ANSYS solution, special meshing around the crack tip is utilized. It 
relocates the mid-side nodes to one-quarter away from the crack tip. 
Coordinates of the keypoints are listed in Table 8.4. Note that keypoint 2 is 
located at the crack tip, and keypoints 1 and 3 are coincident, each belonging 
to the opposite crack faces. Line numbers with their corresponding keypoints 
are listed in Table 8.5. The goal is to obtain stress intensity factors, as well as 
the displacement and stress fields. 
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– Define element type (ET command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���(�O�H�P�H�Q�W���7�\�S�H���!���$�G�G���(�G�L�W���'�H�O�H�W�H��
��
• Click on �$�G�G����
• Select Solid on the left list and Triangle 6node 2 on the right list; click on OK, 
• Click on �2�S�W�L�R�Q�V����
• PLANE42 element type options dialog box appears; select �3�O�D�Q�H���V�W�U�D�L�Q��
item from the pull-down menu corresponding to Element behavior K3, 
• Click on �2�. ; click on �&�O�R�V�H����
��
– Specify material properties (MP��command) using the following menu path: 
 



�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�D�W�H�U�L�D�O���3�U�R�S�V���!���0�D�W�H�U�L�D�O���0�R�G�H�O�V��
��
• Define Material Model Behavior dialog box appears; in the right 
window, successively double-click on �6�W�U�X�F�W�X�U�D�O�����/�L�Q�H�D�U�����(�O�D�V�W�L�F, and, 
finally, �,�V�R�W�U�R�S�L�F�� which brings up another dialog box. 
• In the new dialog box, enter �����(��  for �(�;  and 0.3 for �3�5�;�<��  click on �2�., 
• Close the Define Material Model Behavior dialog box by using the 
following menu path: 
 
�0�D�W�H�U�L�D�O���!���(�[�L�W��
��
– Change the default angular unit to degrees (*AFUN command) using the 
following menu path: 
 
�8�W�L�O�L�W�\���0�H�Q�X���!���3�D�U�D�P�H�W�H�U�V���!���$�Q�J�X�O�D�U���8�Q�L�W�V��
��
• Angular Units for Parametric Functions dialog box appears; select 
�'�H�J�U�H�H�V���'�(�* from the pull-down menu; click on �2�., 
• Create keypoints (K command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�R�G�H�O�L�Q�J���!���&�U�H�D�W�H���!���.�H�\�S�R�L�Q�W�V���!���,�Q���$�F�W�L�Y�H���&�6��
 
• Create Keypoints in Active Coordinate System dialog box appears. 
Referring to Table 8.4, enter �� and �����������6�,�1������������ for �;  and �<, 
leaving the text fields for �1�3�7 and Z blank. Click on �$�S�S�O�\, 
• Repeat the procedure for the remaining keypoints (2 through 8). When 
creating keypoint 8, click on �2�. after entering the coordinates. 
• Create lines (L command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�R�G�H�O�L�Q�J���!���&�U�H�D�W�H���!���/�L�Q�H�V���!���/�L�Q�H�V���!���6�W�U�D�L�J�K�W���/�L�Q�H��
 
• Pick Menu appears, prompting the user to pick two keypoints forming 
the line. Referring to Table 8.5, pick the correct keypoints. When picking 
keypoint 1 or 3, ANSYS displays a warning message informing the 
user that there are two coincident keypoints at the particular location. 
By clicking on the �1�H�[�W button in this message, pick the correct keypoint. 
 
– Turn line and keypoint numbering on (/PNUM command) using the following 
menu path: 
��
�8�W�L�O�L�W�\���0�H�Q�X���!���3�O�R�W�&�W�U�O�V���!���1�X�P�E�H�U�L�Q�J��
��
• Plot Numbering Controls dialog box appears. Click on the boxes next 



to �.�3���.�H�\�S�R�L�Q�W���Q�X�P�E�H�U�V��and �/�,�1�(���/�L�Q�H���Q�X�P�E�H�U�V��(this places checkmarks), 
and select �1�X�P�E�H�U�V���R�Q�O�\��from the �>���1�8�0�@���1�X�P�E�H�U�L�Q�J���V�K�R�Z�Q��with the pull-
down menu. Click on �2�.,��
• Plot lines (LPLOT command) using the following menu path: 
 
�8�W�L�O�L�W�\���0�H�Q�X���!���3�O�R�W���!���/�L�Q�H�V��
��
• Figure 8.70 shows the line plot with both keypoint and line numbers 
printed. Observe that keypoints 1 and 3 and lines 4 and 9 are coincident. 

 
 

– Two areas are created. The first area utilizes lines 1-5 while the second 
area is formed by lines 6, 7, 8, 9, and 3. Create areas using lines (AL command) 
using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�R�G�H�O�L�Q�J���!���&�U�H�D�W�H���!���$�U�H�D�V���!���$�U�E�L�W�U�D�U�\���!���%�\���/�L�Q�H�V��
��
• Pick Menu appears, prompting the user to pick lines forming the area. 
Pick lines 1 through 5 (in this order) and click on �2�.��in the Pick Menu. 
When picking line 4, ANSYS informs the user that there are two 
coincident lines at the picked location. Make sure to pick line 4. 
• Repeat the same procedure for the second area by picking lines 6, 7, 8, 9, and 
3. Similar to the previous case, make sure to pick line 9 (instead of line 4). 
 
– For the stress intensity factor calculations, a local coordinate system 
aligned with the crack faces is needed. Create a local coordinate system 



using 3 keypoints (CSKP command) using the following menu path: 
 
�8�W�L�O�L�W�\���0�H�Q�X���!���:�R�U�N�3�O�D�Q�H���!���/�R�F�D�O���&�R�R�U�G�L�Q�D�W�H���6�\�V�W�H�P�V���!���&�U�H�D�W�H���/�R�F�D�O���&�6���!���%�\������
�.�H�\�S�R�L�Q�W�V��
��
• Pick Menu appears; pick keypoints 2, 6, and 7 (in this order) and click 
on �2�.��in the Pick Menu, 
• Create CS By 3 KPs dialog box appears; click on �2�.����
• The local coordinate system is now active. Activate the global Cartesian 
coordinate system (CSYS conmiand) using the following menu path: 
��
�8�W�L�O�L�W�\���0�H�Q�X���!���:�R�U�N�3�O�D�Q�H���!���&�K�D�Q�J�H���$�F�W�L�Y�H���&�6���W�R���!���*�O�R�E�D�O���&�D�U�W�H�V�L�D�Q��
��
– Specify keypoint 2 to be the crack tip so that the elements around it have the 
singular stress capability (KSCON command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�H�V�K�L�Q�J���!���6�L�]�H���&�Q�W�U�O�V���!���&�R�Q�F�H�Q�W�U�D�W���.�3�V���!���&�U�H�D�W�H��
��
• Pick Menu appears; pick keypoint 2; click on �2�.��in the Pick Menu. 
• Concentration Keypoint dialog box appears; enter ����������for �'�(�/�5 ��
�5�D�G�L�X�V���R�I�����V�W���U�R�Z���R�I���H�O�H�P�V��and ����for �1�7�+�(�7���1�R���R�I���H�O�H�P�V���D�U�R�X�Q�G��
�F�L�U�F�X�P�I����Select �6�N�H�Z�H�G���O�����S�W��from the �.�&�7�,�3���P�L�G�V�L�G�H���Q�R�G�H���S�R�V�L�W�L�R�Q��
pull-down menu and click on �2�.����
��
– Specify mesh density around keypoints (KESIZE command) using the 
following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�H�V�K�L�Q�J���!���6�L�]�H���&�Q�W�U�O�V���!���0�D�Q�X�D�O�6�L�]�H���!���.�H�\�S�R�L�Q�W�V���!��
�$�O�O���.�3�V��
��
• Element Size at All Keypoints dialog box appears; enter ��������for �6�,�=�(��
�(�O�H�P�H�Q�W���H�G�J�H���O�H�Q�J�W�K����click on �2�.����
��
• Specify mesh density around specific keypoints (KESIZE command) 
using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�H�V�K�L�Q�J���!���6�L�]�H���&�Q�W�U�O�V���!���0�D�Q�X�D�O�6�L�]�H���!���.�H�\�S�R�L�Q�W�V���!��
�3�L�F�N�H�G���.�3�V��
��
• Pick Menu appears; pick keypoints 1 and 3 (since these keypoints are 
coincident, click on the location twice to pick both of them); click on 
�2�.��in the Pick Menu. 
• Element Size at Picked Keypoints dialog box appears; enter ������ for 



�6�,�=�(���(�O�H�P�H�Q�W���H�G�J�H���O�H�Q�J�W�K, click on �2�.�� 
• Specify mesh density around crack tip (KESIZE command) using the 
following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�H�V�K�L�Q�J���!���6�L�]�H���&�Q�W�U�O�V���!���0�D�Q�X�D�O�6�L�]�H���!���.�H�\�S�R�L�Q�W�V���!��
�3�L�F�N�H�G���.�3�V��
��
• Pick Menu appears; pick keypoint 2; click on OK in the Pick Menu. 
• Element Size at Picked Keypoints dialog box appears; enter �������� for 
�6�,�=�(���(�O�H�P�H�Q�W���H�G�J�H���O�H�Q�J�W�K; click on �2�.. 
 
– Mesh the areas (AMESH command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���3�U�H�S�U�R�F�H�V�V�R�U���!���0�H�V�K�L�Q�J���!���0�H�V�K���!���$�U�H�D�V���!���)�U�H�H��
 
• Pick Menu appears; click on �3�L�F�N���$�O�O. 
• Close the Warning Window. 
• Zoom in around the crack tip and observe the mesh pattern around it  
(Fig. 8.71). 

 
��
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��
• Apply displacement constraints (D command) using the following menu path: 
��
�0�D�L�Q���0�H�Q�X���!���6�R�O�X�W�L�R�Q���!���'�H�I�L�Q�H���/�R�D�G�V���!���$�S�S�O�\���!���6�W�U�X�F�W�X�U�D�O���!���'�L�V�S�O�D�F�H�P�H�Q�W���!���2�Q��
�1�R�G�H�V��
��
• Pick Menu appears; pick the nodes along y = 0 (;c-axis); click on �2�.��in 
Pick Menu. 
• Apply U,ROT on Nodes dialog box appears; highlight �8�<; click on �$�S�S�O�\�� 
• Pick Menu reappears; pick the bottom-left comer node (x = 0, y = 0); 
click on �2�. in Pick Menu. 
• Apply U.ROT on Nodes dialog box reappears; highlight UX (leave the 
�8�< highlighted) and click on �2�.. 
 
– Apply surface load (SF command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���6�R�O�X�W�L�R�Q���!���'�H�I�L�Q�H���/�R�D�G�V���!���$�S�S�O�\���!���6�W�U�X�F�W�X�U�D�O���!���3�U�H�V�V�X�U�H���!���2�Q���1�R�G�H�V��
 
• Pick Menu appears; pick the nodes along y = 25\ click on �2�. in Pick Menu. 
• Apply PRES on nodes dialog box appears; enter ����������for �9�$�/�8�(���/�R�D�G��
�3�5�(�6���Y�D�O�X�H����click on �2�.. 
 
– Obtain solution (SOLVE command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���6�R�O�X�W�L�R�Q���!���6�R�O�Y�H���!���&�X�U�U�H�Q�W���/�6��
 
• Confirmation Window appears along with Status Report Window. 
• Review status; if OK, close the Status Report Window and click on �2�. 
in the Confirmation Window. 
• Wait until ANSYS responds with �6�R�O�X�W�L�R�Q���L�V���G�R�Q�H����
 
�3�2�6�7�3�5�2�&�(�6�6�,�1�*��
��
– Review deformed shape (PLDISP command) using the following menu path: 
��
�0�D�L�Q���0�H�Q�X���!���*�H�Q�H�U�D�O���3�R�V�W�3�U�R�F���!���3�O�R�W���5�H�V�X�O�W�V���!���'�H�I�R�U�P�H�G���6�K�D�S�H��
��
• Select �'�H�I���V�K�D�S�H���R�Q�O�\����click on �2�.����
• The deformed shape near the crack is shown in Fig. 8.72 as it appears 
in the Graphics Window. 
 
 



– Activate local coordinate system 11 (CSYS command) using the following 
menu path: 
 
�8�W�L�O�L�W�\���0�H�Q�X���!���:�R�U�N�3�O�D�Q�H���!���&�K�D�Q�J�H���$�F�W�L�Y�H���2�6���W�R���!���6�S�H�F�L�I�L�H�G���&�R�R�U�G���6�\�V��
��

 
 
• Change Active CS to Specified CS dialog box appears;�������� for 
�.�&�1���&�R�R�U�G�L�Q�D�W�H���V�\�V�W�H�P���Q�X�P�E�H�U����click on �2�.����
• Enforce the use of the same coordinate system (11) for the results 
calculations and display (RSYS command) using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���*�H�Q�H�U�D�O���3�R�V�W�S�U�R�F���!���2�S�W�L�R�Q�V���I�R�U���2�X�W�S��
��
• Options for Output dialog box appears; select �/�R�F�D�O���V�\�V�W�H�P��from the 
�>�5�6�<�6�@���5�H�V�X�O�W�V���F�R�R�U�G���V�\�V�W�H�P��pull-down menu and enter ������for �/�R�F�D�O��
�V�\�V�W�H�P���U�H�I�H�U�H�Q�F�H���Q�R��; click on �2�.. 
 
– In order to calculate stress intensity factors, a path along the crack faces in 
the vicinity of the crack tip is defined (PPATH command) using the 
following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���*�H�Q�H�U�D�O���3�R�V�W�S�U�R�F���!���3�D�W�K���2�S�H�U�D�W�L�R�Q�V���!���'�H�I�L�Q�H���3�D�W�K���!���%�\���1�R�G�H�V��
��
• Pick Menu appears; a total of 5 nodes are needed for this operation. 
Crack tip node needs to be picked first, followed by the two nodes 
closest to the crack tip along the top crack face. Finally, the two nodes 
closest to the crack tip along the bottom crack face are picked. The 



crack tip node number is 18 in this particular problem. Node numbers 
for the two nodes closest to the crack tip along the top and bottom faces 
are 47 and 48, and 521 and 522, respectively. Before picking the nodes, 
it is recommended that the user zoom in around the crack tip and plot 
elements as shown in Fig. 8.73. Pick nodes 18, 47, 48, 522, and 521 (in 
this order) and click on �2�.�� The nodal locations to be picked are also 
shown in Fig. 8.73 (denoted by small squares). 

 
 

• By Nodes dialog box appears; enter a path name (say �F�U�F�N������click on �2�.. 
• Close the new information window. 
 
– Calculate stress intensity factors (KCALC command) using the following 
menu path: 
 
�0�D�L�Q���0�H�Q�X���!���*�H�Q�H�U�D�O���3�R�V�W�3�U�R�F���!���1�R�G�D�O���&�D�O�F�V���!���6�W�U�H�V�V���,�Q�W���)�D�F�W�U��
��
• Stress Intensity Factor dialog box appears; select �3�O�D�Q�H���V�W�U�D�L�Q��from the 
�.�3�/�$�1���'�L�V�S���H�[�W�U�D�S�R�O�D�W���E�D�V�H�G���R�Q��pull-down menu and select �)�X�O�O�F�U�D�F�N��
�P�R�G�H�O��from the �.�&�6�<�0���0�R�G�H�O���W�\�S�H��pull-down menu. Click on �2�.�� 
• Stress intensity factors are reported in a separate window (KI = 139.48, 
KII = 70.699), as shown in Fig. 8.74. 
 
– Review normal and shear stresses ahead of the crack tip, in the direction 
of the crack. For this purpose, define a new path (PPATH command) 
using the following menu path: 
 
�0�D�L�Q���0�H�Q�X���!���*�H�Q�H�U�D�O���3�R�V�W�S�U�R�F���!���3�D�W�K���2�S�H�U�D�W�L�R�Q�V���!���'�H�I�L�Q�H���3�D�W�K���!���%�\���1�R�G�H�V��



��
• Pick Menu appears; pick nodes 18 (crack tip) and 34, as shown in Fig. 
8.75; click on �2�. in the Pick Menu. 
• By Nodes dialog box appears; enter a path name (say �V�W�U�V���?��click on �2�.. 
• Close the new information window. 
• Map stresses onto the path �V�W�U�V��(PDEF command) using the following 
menu path: 
 
�0�D�L�Q���0�H�Q�X���!���*�H�Q�H�U�D�O���3�R�V�W�S�U�R�F���!���3�D�W�K���2�S�H�U�D�W�L�R�Q�V���!���0�D�S���R�Q�W�R���3�D�W�K��
��

 

 
 

• Map Result Items onto Path dialog box appears; select �6�W�U�H�V�V��from the 
left list and �<���G�L�U�H�F�W�L�R�Q���6�<��from the right list; click on �$�S�S�O�\����



• Map Result Items onto Path dialog box reappears; select �6�W�U�H�V�V��from 
the left list and �;�<���V�K�H�D�U���6�;�<��from the right list and click on �2�.. 
• Plot stresses along the path on the graph (PLPATH command) using the 
following menu path: 
��
�0�D�L�Q���0�H�Q�X���!���*�H�Q�H�U�D�O���3�R�V�W�S�U�R�F���!���3�D�W�K���2�S�H�U�D�W�L�R�Q�V���!���3�O�R�W���3�D�W�K���,�W�H�P���!���2�Q���*�U�D�S�K��
��
• Plot of Path Items on Graph dialog box appears; select �6�<��from the 
list; click on �2�.�� The graph appears in the Graphics Window, as shown 
in Fig. 8.76. Similarly, shear stresses are plotted by selecting item �6�;�<��
in the Plot of Path Items on Graph dialog box (shown in Fig. 8.77). 
 

 



 


