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Total Life Methodology – Test/Analysis Effort
Using Defined/Controlled Inputs to Evaluate Methodology

Geometry? Loading??? Mat’l Prop??

Stress/Strain 
Analysis

Fatigue 
Damage

Unknown Fatigue Life

1) Real World Engineering Problems

Geometry! Loading! Mat’l Prop!

Stress/Strain 
Analysis 

Fatigue 
Damage??

Known Fatigue Life 
From Fatigue Tests

2) SAE FD&E “T-Joint” Test/Analysis Effort

High Confidence Inputs/Analysis!Legend : Define Improved Practice??Questionable Inputs??
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• Dimensions in mm

• Loaded in bending

• Mode I crack growth

• Max bending stress

at weld toe

Specimen Geometry -
T-Joint Specimen Design
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Specimen Design -
Welded and Machined Specimens

Machined T-Bar Replicates
Welded Specimen Geometry
Does Method Work For Both?
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• MTS FlexTest IIm Controller

– Load Control

• MTS 793 Series Software

– Basic Testware (constant amplitude)

– MultiPurpose Testware (block loading)

– RPC Pro (variable amplitude loading)

• MTS 244 Series Hydraulic Actuator

– Dual Stage Servo Valve, Load Cell, LVDT

Test Rig -
Loading Mechanism/Fixture
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• HBM eDAQ Lite

• Dino-Lite USB Cameras / Laptop

Test Rig -
Loading Mechanism/Fixture
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Test Rig -
Video of Test Setup
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Test Rig -
Video of Test Specimen
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Load Histories -
24 kN, R= 0.1
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Load Histories -
10.8 kN, R= -1

Multiple Initiation Locations
Grow Into One Main Crack
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Load Histories -
24 kN, VA, Block Loading, R= 0.1 (5k cycles) / R=0.5 (40k cycles)

Marker Bands
(Blocks of Striations at a Load Level)

5,000 Cycles
24 kN, R= 0.1 

40,000 Cycles
24 kN, R= 0.5 
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Load Histories -
24 kN Max / 24 kN Min, VA, Time History Profile (Tx3,Bx1,Sx2)

Marker Bands Side of First Cycle In Tension

Side of First Cycle In CompressionTransmission

Bracket

Suspension
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Results -
Welded and Machined Specimens
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Summary/Conclusions

• Successful Fatigue Tests 

– Correlating fatigue prediction methodologies to fatigue life data

– Unique data set comparing welded to machined specimens

– Residual stresses have a significant effect on high cycle fatigue

Summary and Conclusions -
Fatigue Testing A36 Steel T-Joint Configuration Specimens
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• Accounting For Geometry And Residual Stresses In Weld Fatigue: A Strain 
Energy Density Approach To Total Life Of Welded T-specimens

• FD&E Total Life T-sample Residual Stress Analytical Predictions And 
Measured Results

• Testing Of Welded And Machined A36 Steel T-joint Configuration Specimens

• A Finite Element Based Methodology For Combined Crack Initiation And 
Crack Growth Prediction In Welded Structures

• Comparison of Total Fatigue Life Predictions of Welded and Machined A36 
Steel T-Joints

• Crack Initiation and Propagation Fatigue Life Prediction for an A36 Steel 
Welded Plate Specimen
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Following papers document Total Life Project 
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The End -


