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Outline

1) Fatigue of Metal Structures




Fatigue of Metal Structures
Fatigue life analysis

Nominal Stress-Life (S-N) Approach
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Fatigue of Metal Structures
Fatigue improvement

Fatigue enhancement techniques

Residual stress-based
| | | 7 — post-weld treatments
o et HFMI treatment tool (peening methods)
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HFMI treatments
How they work
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Outline

2) Analysis of Impact Treated Weld Joints




Impact Treatments
High cycle fatigue studies

Objectives: .

. .H__u a2 _H_n
1. Study the effectiveness of T[] [ IR
HFEMI treatments under & Non-load i) Load carrying

welds

|
Va

. ) : .. (&g i Id
in-service loading conditions MR

for different metals : £q o |

2. Develop recommendations A\
for design of treated weld ( 1
joints

Structural Steel (50W), High Strength Steel
(ASTM A514), Structural Aluminum (5083-H321) :




Impact Treatments
Experimental results (CA)
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Impact Treatments
Variable Amplitude (VA) Loading Spectrum

- Truck weight istogram 10,195 Cycles
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Impact Treatments
Experimental results (50W steel)
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Impact Treatments
Strain-based fracture mechanics analysis

Effective Strain-Life Model + Strain-based Fracture Mechanics Model
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Impact Treatments
Why strain-based fracture mechanics?

SBFM captures and tracks the effects of:

* residual stress relaxation due to
increasing plasticity at higher stress- T

levels _ T
* significant non-linear material
response — T
* reducing the crack opening stress A &/
level — et
* \ underload (actual)

underload (linear elastic)




Impact Treatments
Strain-based fracture mechanics analysis

The analysis consists of cyclically loading the material at
various depth below the surface of the weld notch to
determine the strain parameters for each completed cycle

Note:

AS = cyclic nominal stress

o.; = local elastic stress
LTINS .~ ¢ = local strain




Fracture Mechanics Model (SBFM)
Input parameters

* Material constants: E, Sy, oy, K, n’ | Monotonic and cyclic
material testing




Fracture Mechanics Model (SBFM)
Input parameters

* Crack closure/ opening stress parameters: 6, ¢, u
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Strain Amplitue (%)

Fracture Mechanics Model (SBFM
Smooth specimens testing results
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Fracture Mechanics Model (SBFM)
Input parameters

o Effective
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Fracture Mechanics Model (SBFM)

Input parameters
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Fracture Mechanics Model (SBFM)
Input parameters

Stress Concentration Factor
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Fracture Mechanics Model (SBFM)
Input parameters

Residual Stress (MPa)
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Fracture Mechanics Analysis (SBFM)
CA results
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Fracture Mechanics Analysis (SBFM
VA results

Mominal Stress Range, ASeq(MFPa)

Mominal Stress Range, ASeq(MPa)
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Fracture Mechanics Analysis (SBFM)
Simulations for other load histories
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Outline

3) Local Stress Design Concept for Fatigue Design




ocal Stress Approach
Definitions for the local stress

Effective Notch Stress

Structural Stress
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Local Stress Approach
A methodology to generate 5-N curves

Material testing SBFM aralveis Local stress Generate the local (e.g.
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Questions...
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Results — Design recommendations
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