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Outline

Probability of Failure review
Master Curve interpolation

Excel exercises 
Simple crack growth interpolation to compute POF

BasicPOF.smdt
MasterCurveBasicsPOF.xlsx
MasterCurveBasicsPOF.mp4

Master Curve with Kc random to compute POF
Kc_rnd.smdt
MasterCurveRnd_Kc.xlsx
MasterCurveRnd_Kc.mp4

External Crack Growth Link Options Review – Hypergrow
Example using SMART 

MC_Hypergrow_NewmanRajuCorner.smdt

Supplemental Material 
Additional Example problem using SMART 

Test_Ex1.smdt
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Probability of Failure
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The probability-of-failure (POF) is the probability that maximum value 
of the applied stress (during the next flight) will exceed the residual 
strength σRS of the aircraft component 
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Master Curve 
Interpolation

Assumptions:
One crack growth curve for the whole simulation.

 Only Kc, ai and EVD can be random - the structure has the same crack growth 
properties throughout the entire simulation.

 One spectrum (representative) is used for the entire simulation.
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Master Curve Approach
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Residual Strength 
Interpolation

 From Fracture Mechanics we know:

Residual Strength can be defined as:
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Residual Strength 
Interpolation

Get Residual Strength curve from 
Fracture Mechanics Analysis

Normalize Residual Strength

Generate Fracture 
Toughness realization (         )Sample

CK

eMasterCurv

C

Sample

C KK 

Generate Residual Strength given        
Sample

CK

Residual Strength realization as function of Fracture 
Toughness can be summarized as:
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Excel Exercises

Excel file:
MasterCurveBasicsPOF.xlsx
MasterCurveRnd_ai.xlsx
MasterCurveRnd_Kc.xlsx

Excel files contained in:
 \ Excel_Examples

Videos contained in:
 \ Videos
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Master Curve Interpolation 
and POF Basics
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E[POF] Calculation

Integration:

Sampling:
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E[POF] Example

1.E-24	

1.E-21	

1.E-18	

1.E-15	

1.E-12	

1.E-09	

1.E-06	

1.E-03	

1.E+00	

0	 5000	 10000	 15000	 20000	

P
O
F	

Flights	

5000 10000 15000

POF1 1.3 E-12 1.8 E-08 7.1 E-04

POF2 1.6 E-14 1.6 E-10 3.3 E-06

POF3 1.4 E-15 1.1 E-11 1.7 E-07

E[ POF ] 4.4 E-13 6.0 E-09 2.3 E-04
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Excel Exercise

 Open the excel file:
 MasterCurveBasicsPOF

 Contained in:
\ Excel_Examples
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Master Curve Steps

1. Extract Flt. No., Crack Size, and 
Residual Strength from the fracture 
mechanics run.

2. Find the value of your initial crack 
size on your crack growth curve.

3. Extract the section of the curve from 
initial crack size to failure.

4. Remove offset by subtracting the 
initial Flt. no. to all the Flt. no. 
values.

Step

Step

Step

Step

Let’s Compare with SMART (smdt file included)
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Random Fracture Toughness 
Residual Strength Calculations
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Excel Exercise

Open the excel file:
 MasterCurveRnd_Kc.xlsx

Contained in:
 \ Excel_Examples

Using 5 Residual Strength samples compute the probability of failure
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Exercise Steps

1. Extract Flt no., Crack Size, and Residual 
Strength from the fracture mechanics run.

2. Locate the five fracture toughness random 
samples (Extracted from SMART).

3. Copy and paste each of the five fracture 
toughness samples.

4. Copy the POF value at 10,000 flights.
5. Compute the average using the five POF values 

at 10,000. 

Step

Step

Step

Step

Step

Let’s Compare with SMART (smdt file included)
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MasterCurve from Hypergrow
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”Hypergrow” CG Code

VA CA

da

dN
-C(DK(a,c))n = 0

dc

dN
-C(DK(a,c))n = 0

Initial  Conditions : a(0) = ai,c(0) = ci

ODE 
Formulation

RK ODE 
Solver

ICG Capabilities

Method 4-5th order Runge-Kutta

Accuracy Error controlled by user 
tolerance

Speed ~10,000/sec single proc.

Parallel 95% speedup on 8 proc.

K solutions Newman-Raju, read beta 
tables

Crack Growth Result

N

a
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Problem definition

Geometric Variables Value

Hole radius 0.164 in 

Cap Thickness 0.175 in

Cap Width 1.80 in 

MC_Hypergrow_NewmanRajuCorner.smdt
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GUI – Info 
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GUI - Analysis (I) 
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GUI - Analysis (II) 
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GUI - Material 



25

GUI – Geometry 
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GUI – Loading 



27

GUI – Inspections 
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GUI – Run 
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GUI – Results 
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Summary

 Probability of Failure and EVD calculations were 
reviewed. 

 Master Curve interpolation was reviewed.

 Master curve can be user-generated (.avsn format) 
or generated using the HyperGrow/AFGROW/NASGRO 
SMART interface.
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Questions
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Supplemental Material 
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Random Crack Size 
Probability-of-Failure Calculations
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Excel Exercise

Open the excel file:
 MasterCurveRnd_ai.xlsx

Contained in:
 \ Excel_Examples

Using 5 Initial Crack Size samples compute the probability of 
failure
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Exercise Steps

1. Extract Flt no., Crack Size, and Residual 
Strength from the fracture mechanics run.

2. Locate the five initial crack size random 

samples (Extracted from SMART).
3. Copy and paste each of the five initial crack 

size samples.
4. Copy the POF value at 10,000 flights.
5. Compute the average using the five POF values 

at 10,000. 

Step

Step

Step

Step

Step

Let’s Compare with SMART (smdt file included)
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SMARTDT
SMall Aircraft Risk Technology - Damage Tolerance Analysis

SMART Example Problem
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Problem Description

Master Curve (corner 
crack at a hole)
Random Initial Crack Size
Random Fracture 
Toughness
Random Loading (EVD)
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Problem Overview

Geometric Variables Value

Hole radius 0.156 in 

Cap Thickness 0.250 in

Cap Width 2.50 in 
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Problem Overview
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Problem Overview

Random Variables Distribution Parameters 

Mean = 0.005 in

Standard deviation = 0.002 in 

Mean = 35.0 ksi√ in

Standard deviation = 1.1 ksi√ in 

Mean = 3.80

Standard deviation = 0.04

Mean = -9.00

Standard deviation = 0.04

Mean = 80.0 ksi

Standard deviation = 3.0 ksi

Mean = 65.0 ksi

Standard deviation = 2.0 ksi

Mean = 0.50 in

Standard deviation = .025 in  

Initial Crack Size Lognormal

Yield Stress Normal

Paris m Binormal

Paris c (log) Binormal

Hole Offset Normal

Fracture Toughness Normal

NormalUltimate Stress

Other Parameters Distribution

Crack Growth Method Master Curve

Crack Growth Program NASGRO

Other Parameters Distribution

Crack Growth Method Master Curve

Crack Growth Program NASGRO

0.0

0.0

0.0

0.0

0.0

HyperGrow/AFGROW

0.00196851

0.009055 in

50.0

3.4
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File Type Description

jobname.dat
Input file containing the keywords and run 
information

jobname.err Runtime error file

jobname.wrn Runtime warning file

jobname.out

File containing a summary of the inputs, 
probability of failure calculations, and inspection 
results (if applicable)

jobname.pof File containing the probability of failure as a 
function of the flight number

jobname.smdt File containing the GUI information

SMART|DT 
Generic Files Overview

Input

output
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SMART .dat File
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File Type Description

anyname.avsn

File containing the crack growth 
information (Flight number, crack size, 
and K/sigma or residual strength)
File name specified in the input file 
(jobname.dat)

Master Curve 
Files Overview
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Avsn File Format
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avsn File Format 

Flt_no a c a1 c1      RS_by_Kc RS_by_NSY

0 0.00010 0.00010 x x        585.85 585.85

1000 0.00011 0.00011 x x 565.87 565.87

2000 0.00012 0.00012 x x 546.07 546.07

3000 0.00012 0.00012 x x 526.45 526.45

4000 0.00013 0.00013 x ` 507.02 507.02

5000 0.00014 0.00014 x x 487.79 487.79

6000 0.00016 0.00016 x x 468.75 468.75

7000 0.00017 0.00017 x x 449.92 449.92

8000 0.00019 0.00019 x x 431.29 431.29

9000 0.00020 0.00020 x x 412.87 412.87

… Lines were removed from this output …

25000 0.00500 0.00500 x x 94.14 94.14

26000 0.00930 0.00930 x x 70.09 70.09

27000 x 0.02026 x x 54.87 54.87

28000 x 0.03886 x x 48.14 48.14

29000 x 0.06273 x x 45.51 45.51

30000 x 0.08960 x x 44.10 44.10

Flight 
Number

4 crack tips, only survival tip 
is used for the analysis. 

If ‘x’ crack tip does not exist 

Residual Strength by Fracture 
and Net Section Yielding. User 

can select which one to use (not 
on the GUI yet) – Min. Default



46

Visualize avsn in 
SMART



47

SMART GUI 
(Information Tab)
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SMART GUI
(Analysis Tab)
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SMART GUI
(Analysis Tab)
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SMART GUI
(Analysis Tab)
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SMART GUI 
(Material Tab)
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SMART GUI 
(Geometry Tab)
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SMART GUI(Loading Tab)
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SMART GUI 
(Inspections Tab)
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SMART GUI 
(Run Tab)
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SMART GUI (Results Tab)


