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Objective

• To understand how Crack Closure affects Crack Growth in case of fatigue. 

• To Understand the workflow of how Crack-Closure is modeled in Ansys Mechanical.

• Comparing the results how Crack-Closure affects the No. of Load cycles for the 
specimen. 
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Prerequisites

• Working knowledge of the Workbench Mechanical environment and familiarity with 
fracture mechanics applications.

• Geometrical dimensions, loads, BCs, etc. chosen might not be completely realistic. 
Focus is given on the workflow and not on design considerations.



Theory
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Static Vs Fatigue Crack Growth

• Static Crack Growth​: Preexisting cracks may propagate when certain loading conditions 
are reached or when certain localized conditions are met.​​

• Fatigue Crack Growth​: In cases when structures are subject to cyclic loading, it is of 
interest to know the interaction between crack extension rate and the number of load 
cycles.​​

Static Fatigue 

7
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Crack growth Modeling 

• A common fatigue crack-growth model is Paris' Law, 
which relates the stress-intensity-factor range to the 
crack-growth rate for region II under a fatigue crack-
growth regime:

• The stress-intensity-factor range ΔΚ can be written 
as:

‐ Where R is the stress ratio and 𝐾𝑚𝑖𝑛, 𝐾𝑚𝑎𝑥 represent the 
stress-intensity factors at the minimum and maximum loads 
in a load cycle, respectively.

𝑑𝑎

𝑑𝑁
= C(∆𝐾)𝑚

𝑅 =
𝐾𝑚𝑖𝑛

𝐾𝑚𝑎𝑥
 ∆𝐾 = 1 − 𝑅  𝐾𝑚𝑎𝑥
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Crack-Closure 

• The concept of Crack-Closure is that during a fatigue cycle, the crack remains closed 
below the load level corresponding to 𝐾𝑜𝑝 and, consequently, the effective stress-
intensity-factor range ∆𝐾𝑒𝑓𝑓 driving the crack-growth is less than ∆𝐾. A measure of 
crack closure is the 𝑈 ratio, defined as:

𝑈 =
∆𝐾𝑒𝑓𝑓

∆𝐾

𝑅 = 𝑆𝑡𝑟𝑒𝑠𝑠 𝑅𝑎𝑡𝑖𝑜

𝑈 = 𝐶𝑟𝑎𝑐𝑘 𝐶𝑙𝑜𝑠𝑢𝑟𝑒 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

• Ansys supports the following Crack-
Closure Models:-
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• The following graph shows the relation 
between crack-closure and stress ratio R
‐ When we have a positive value of R we have low 

closure as it produces a lower alternating K

‐ In the case of negative R we observe high closure

10

Crack-Closure



Step-by-Step Procedure
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Geometry

• Begin by opening Crack_Closure_2023R2_Start.wbpz

• The geometry of a Disk-shaped CT specimen is already imported into Mechanical as 
shown
‐  includes a construction surface body for crack definition

12
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Boundary Conditions

• The boundary conditions are already applied to the geometry.
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Mesh

• The meshing controls are already pre-defined in the model.  

• The mesh is more refined where the crack is inserted.

SMART is only applicable to quadratic, tetrahedral meshes 
(SOLD187) and linear, elastic material models.
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Fracture

• For the Crack growth study, we first must insert a Fracture object in the Model.

• To insert a Fracture object
‐  Click RMB on Model > Insert > Fracture.
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Fracture

• We first need to insert a crack into the model to simulate the growth under loading.

• To insert a crack by
‐ Clicking RMB on Fracture > Insert > Arbitrary Crack

•  The arbitrary crack option uses a surface to create a crack in a solid body.
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Arbitrary Crack

• Enter the following options under the 
details of Arbitrary crack.
‐ Select the solid body and scope it to the 

arbitrary crack.
‐ Select the Local Coordinate System which has 

been defined at the crack tip.
‐ Select the Surface body as the crack surface.

• There are a few requirements for the 
crack Coordinate system-

‐ The x-axis of the crack coordinate system 
must point in the direction of the crack 
extension

‐ The y-axis of the crack coordinate system 
must point normal to the crack surface

‐ The z-axis of the crack coordinate system 
must point tangential to the crack front
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SMART Crack Growth

• SMART is a fatigue or static Crack growth 
simulation using Separation, Morphing, 
Adaptive, and Remeshing Technology.

• Insert a SMART Crack Growth object by 
‐ RMB on Fracture > Insert > SMART Crack Growth
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SMART Crack Growth

• Enter the following options under SMART Crack Growth.
‐ Select the Arbitrary Crack defined earlier for Initial Crack.

‐ Select Fatigue as the Crack Growth Option.

‐ Select the Mat1 as the Material.

‐ Enter -0.2 as the Stress ratio

• This example uses 30 Substeps.

• Paris Law is used by SMART as the Crack Growth Law. It 
has been added to the Engineering Data of Mat1. 

𝑑𝑎

𝑑𝑁
= C(∆𝐾)𝑚
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Crack-Closure

• SMART Crack Growth object by default only includes the Fatigue crack growth rate 
model. We must separately include the Crack-closure model in SMART. 

• There are many crack-closure models available. We will be using the Polynomial 
function in this example. 

• The Crack-Closure model modifies the Paris law into – 

𝑑𝑎

𝑑𝑁
= C(∆𝐾𝑒𝑓𝑓)𝑚= 𝐶(U∆𝐾)𝑚
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Crack-Closure

• To insert the Crack closure model into SMART
‐ RMB on SMART Crack Growth > Insert > Commands

• Write the given MAPDL script into the commands window or import 
them from – Crack Closure Commands.txt
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Crack-Closure

• After adding the MAPDL commands into SMART Crack Growth the fundamental crack 
Growth equation changes to the following equation- 

• The polynomial function is defined using the 

    MAPDL command in lines 10 & 11.

𝑑𝑎

𝑑𝑁
= 𝐶(U∆𝐾)𝑚 𝑈 = 0.6 + 0.35 𝑅 + 0.05 𝑅2

4 is the Material ID
3 is the number of Coefficients 

in the Polynomial Function 
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Solution 

• Solve the model

• Insert Total Deformation & Equivalent Stress (shown with increased # of contours and 
independent bands-bottom) results.

• We can see the crack growth in the model as well as the changing mesh as the crack 
grows.  
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Fracture Tool

• Insert a Fracture Tool by :
‐ RMB on Solution > Insert > Fracture Tool

• Select the Arbitrary Crack as the 
Crack Selection.
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Fracture Tool

• Following Fracture Parameters results can 
be inserted using the Fracture Tool- 
‐ SIFS Results

‐ J-Integral

‐ VCCT Results

‐ Material Force

‐ T-Stress

‐ C*-Integral

‐ Equivalent SIFS Range

• But remember to request these results in 
Fracture Controls under Analysis Settings. 

Note:- SIFS and J-Integral Results can’t be requested simultaneously while 
using SMART Crack Growth. 
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• There are two types of results – Contour & Probe Results.

• Contour Results show the fracture parameter results along the crack front.

• Probe Results enable you to view the time history of a fracture parameter for a specific 
crack front node along the crack front only.

26

Fracture Tool



Observations
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Results

• We can use the J-Integral results to understand about the Strain energy during fracture.
‐ RMB on the Fracture Tool and insert J-Integral (JINT)

‐ The J-integral represents the strain energy release rate, or Work (energy) per unit fracture surface 
area, in a material.

28
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Results

• We can use the Chart option to plot the Total Number of Cycles Probe Vs Crack 
Extension Probe
‐ RMB on the Fracture Tool and insert Crack Extension Probe and Total Number of Cycles Probe

‐ Select both objects and create a Chart from them
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Results

• Let's plot the No of Load Cycles Vs. 
Crack Extension for this model with 
Crack-closure and without Crack-
closure:
‐ Duplicate Schematic A on the Workbench 

Project Schematic and in Schematic B, 
suppress the Crack Closure commands 
object

‐ We can see how using crack-closure 
drastically affects the No. of Load Cycles.

‐ Crack-Closure helps in capturing a more 
realistic behavior of the model under 
fatigue crack growth.

This graph has been created in 
Excel
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End of presentation



Appendix 
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Solution

• This is the Run Time & the Result File Size –

• The Run time and Result file size can be 
optimized by using the following script –
‐ RMB on Static Structural > Insert > Commands (Reduce 

Run time Commands.txt)

The Script saves results 
every 2 Substeps.

33
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Solution

• The Simulation Run Time & Result File Size 
is reduced significantly after running the 
script- 

• We can see that the results are saved after 
every 2 substeps. 

We saved around 2 
min in Run Time and 
500 MB in file size. 

Your results may 
vary.
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Crack Closure with R = + 0.2 and – 0.2

• The Crack Closure works 
even when the R-value is 
positive, it's just that the 
extent of the closure is not as 
big as when we have a 
negative R-value.

• Please refer to the graph on 
slide 10.

This graph has been created in 
Excel
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New Feature in 24R1

• In the latest release SMART Crack Growth 
got a new feature called Stop Criterion - 
‐ We can enter a stop criterion to stop the crack 

growth simulation. 

‐ The simulation of crack growth is terminated 
when the entered criterion is met.  

‐ Following are the criteria available 
• Max Crack Extension

• Free Boundary

• Max Stress Intensity Factor

• Max Total Number of Cycles
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