
1

11

Local (Structural) Stress Based
Fatigue Design

Department of Civil Engineering

Tokyo Institute of Technology

22

ContentsContents

 Brief Review of Nominal Stress Based Brief Review of Nominal Stress Based 
Fatigue DesignFatigue Design

 Structural Stress Based Fatigue DesignStructural Stress Based Fatigue Design
--Fatigue Assessment of Welded JointsFatigue Assessment of Welded Joints--

 Stress Analysis Method for Root CracksStress Analysis Method for Root Cracks
--Effective Notch StressEffective Notch Stress--

33

Fatigue Design 

Nominal Stress Based Fatigue Design (Review)
Butt Welded Joints:
JSSC-Category D

Non-Load Carrying
Cruciform Joints:
JSSC-Category E

Load Carrying
Cruciform Joints: 
JSSC-Category F(toe), H(root)

Strength
CategoryJoint Types

44

Nominal Stress Ranges
Structures subjected to loads

Out-of-Plane Gussets

Longitudinal joint

In-Plane Gusset

Longitudinal joint

Nominal Stress Distribution at 
Section

compression

tension

Bending

Nominal stress and nominal stress range are commonly 
used in actual fatigue design of steel bridges

55

Structural Hot-spot Stress Approach

Structural Stress Based Fatigue Design 

Fatigue Design 

Define the fatigue strengths directly 
By the local stress at crack initiation points

Stress Distribution

Stress Concentration

66

Fatigue stress on a gussetFatigue stress on a gusset

 stressstress
1.1. nominal nominal 

stressstress
2.2. structural hot structural hot 

spot stressspot stress
3.3. notch stress notch stress 

concentration concentration 
due to weld due to weld 
bead bead 
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Type of Stress for Fatigue Assessment Type of Stress for Fatigue Assessment 

hothot--spot structuralspot structural
stress approachstress approach

Range of hotRange of hot--spotspot
structural stressstructural stress

A + B + structuralA + B + structural
discontinuities due to thediscontinuities due to the
structural detail of thestructural detail of the
welded joint, but excludingwelded joint, but excluding
the notch effect of the weldthe notch effect of the weld
toe transitiontoe transition

CC

a) Fracture mechanicsa) Fracture mechanics
approachapproach
b) effective notchb) effective notch
stress approachstress approach

Range of elasticRange of elastic
notch stress (totalnotch stress (total
stress)stress)

A + B + C + notch stressA + B + C + notch stress
concentration due to theconcentration due to the
weld bead notchesweld bead notches
a) actual notch stressa) actual notch stress
b) effective notch stressb) effective notch stress

DD

Nominal stressNominal stress
approachapproach

Range of nominalRange of nominal
stress (also modifiedstress (also modified
or local nominalor local nominal
stress)stress)

A + A + macrogeometricalmacrogeometrical
effects due to the design ofeffects due to the design of
the component, butthe component, but
excluding stress risers dueexcluding stress risers due
to the welded joint itself.to the welded joint itself.

BB

not applicable fornot applicable for
fatigue analysis, onlyfatigue analysis, only
component testingcomponent testing

Gross average stress Gross average stress 
from sectional forcesfrom sectional forces

General analysis of General analysis of 
sectional forces using beam sectional forces using beam 
theory,theory,
no stress raiser consideredno stress raiser considered

AA

Assessment procedureAssessment procedureStress determinedStress determinedStress raisersStress raisersTypeType

Solid detailed 
FEM model 
with bead

Beam model

Shell model

Shell or Solid 
model

88

Structural Stress (Hot Spot Stress) Structural Stress (Hot Spot Stress) 
approachapproach

Local Stresses 
control the fatigue phenomenon
in any types of joints.

The Types of Joints don’t affect
the Fatigue Strengths Defined
by Structural Hot-Spot Stress Approach

99

The Structural HotThe Structural Hot--Spot Stress ApproachSpot Stress Approach

The Structural Hot-Spot Stress Approach is 
recommended for welded joints where there is no 
clearly defined nominal stress due to complicated 
geometric effects, and where the structural 
discontinuity is not comparable to a classified 
structural detail

 due to complicated geometry

 due to structural discontinuities

 due to complicated plate 
deformation

1010

applicability of the hot spot stress applicability of the hot spot stress 
to the weld toeto the weld toe

• where there is no clearly defined nominal stress due to 
complicated geometric effects

• where the structural discontinuity is not comparable to 
a classified structural detail

1111

Applicability of Hot Spot Stress Applicability of Hot Spot Stress 
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Complicated GeometryComplicated Geometry

In case of Orthotropic Steel Deck
Bridges

Axle Load

FEM Analysis Result
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2 Types of 2 Types of HotHot SpotSpot

2 Types: “a” and “b”

“a”

“b”
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Definition of The StructuralDefinition of The Structural
HotHot--Spot StressSpot Stress

Local nominal stress includes

• The effects of macro-
geometric features of the 
component

• stress fields in the vicinity of 
concentrated loads

• significant shell bending 
stress 

Structural Hot Spot Stress

• includes all stress raising 
effects of a structural detail 
excluding all stress 
concentrations due to the 
local weld profile.

• non-linear peak stress 
caused by the local notch is 
excluded 
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Definition of The StructuralDefinition of The Structural
HotHot--Spot StressSpot Stress

1616

The Estimation Method of The Estimation Method of 
The Structural HotThe Structural Hot--Spot Stress Spot Stress 

by Measuring Strainby Measuring Strain

Linear Extrapolation 

The closest position 
to the weld toe must 
be chosen to avoid 
any influence of the 
notch due to the 
weld itself. This is 
practically the case 
at a distance of 0.4t 
from the weld toe.

1717

1 HotSpot

2

2

11

1

 60

Dependency on Angle : principal or normal

2

2

11
normal

 60

normalHotSpot  

the principal stress which is approximately in line 
with the perpendicular to the weld toe

1818

Hot Spot Stresses in Complex Hot Spot Stresses in Complex 
Welded Structures Welded Structures 

Types of Weld Toes

Type a) : On the Plate Surface at the End of an Attachment
Type b) : At the Plate Edge at the End of an Attachment
Type c) : Along the Weld of an Attachment

a)
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Element lengthElement length
Reference points for subsequent extrapolation.Reference points for subsequent extrapolation.

Determination of  Element Lengths

Avoiding stress singularity Evaluation of stress at 
First and Second Nodes

Element Lengths 2020

FEM Modeling for StructuralFEM Modeling for Structural
HotHot--Spot Stress Evaluation(1)Spot Stress Evaluation(1)

Solid Elements

Extrapolation points
At Nodes

2121

FEM Modeling for StructuralFEM Modeling for Structural
HotHot--Spot Stress Evaluation(2)Spot Stress Evaluation(2)

Shell Elements

Extrapolation
points

2222

Modeling of Offsets in Shell ModelsModeling of Offsets in Shell Models

Doubling Plates Hopper Corner

2323

Recommended Techniques for Recommended Techniques for 
Modeling of WeldsModeling of Welds

Shell Elements

Method I:
Inclined Shell Elements

Method II:
Thickness Changes

International Institute of Welding (IIW)

t+a/2

t+a/2

a

2424

Reference points for type Reference points for type ““aa”” hot spotshot spots

1.1. Fine mesh (element length<0.4t):Fine mesh (element length<0.4t):
1.1. By Two Reference Points: By Two Reference Points: 0.4t & 1.0t0.4t & 1.0t

2.2. By Three Reference Points: By Three Reference Points: 0.4t, 0.9t & 1.4t0.4t, 0.9t & 1.4t

2.2. Coarse mesh: Coarse mesh: 0.5t & 1.5t0.5t & 1.5t
Element length=1.0t with higherElement length=1.0t with higher--order Elementsorder Elements

tths 0.14.0 67.067.1  

ttths 4.19.04.0 72.024.252.2  

tths 5.15.0 50.050.1  

Related to shell thickness t
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Reference points for type Reference points for type ““bb”” hot spotshot spots

1.1. Fine mesh (element length< 4mm): Fine mesh (element length< 4mm): 
4, 8 & 12 mm4, 8 & 12 mm

2.2. Coarse mesh: Coarse mesh: 5 & 15 mm5 & 15 mm
Element length=10mmElement length=10mm

with higherwith higher--order Elementsorder Elements

mmmmmmhs 1284 33  

mmmmhs 155 5.05.1  

Given by absolute distance

2626

Recommended meshing and Recommended meshing and 
extrapolationextrapolation
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Hot Spot SHot Spot S--N Curves N Curves 

2828

Hot Spot SHot Spot S--N Curves N Curves 

2929

The Target Cracks of Structural The Target Cracks of Structural 
HotHot--Spot Stress ApproachSpot Stress Approach

AB

B

A: Cracks Initiated from the Weld Toe

B: Cracks Initiated from the Roots 

Structural Stress Approach
Cannot be Applied

Structural Stress Approach
Can be Applied

Different Approach is Needed
3030

Stress Evaluation by the Effective Notch StressStress Evaluation by the Effective Notch Stress

Limited to the thickness t >= 5mm

If the Toe is Finished, the radius = 2mm

Effective notch stress is the total stress at the root of a notch, 
obtained assuming linear-elastic material behavior. The real weld 
outline is replaced by an effective one. Effective notch root 
radius of r=1mm has been verified to give consistent results.
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Effective Notch Fatigue ResistanceEffective Notch Fatigue Resistance

IIW fatigue recommendation

• The method is restricted to assessment of naturally formed 
weld toes and roots. 

• The method is well suited to the comparison of alternative 
weld geometries.

• In case where a mean geometrical notch root radius can be 
defined, this radius plus 1mm may be used in the effective 
notch stress analysis.

3232

An Example of Application of the An Example of Application of the 
Effective Notch Stress Effective Notch Stress 

––BeamBeam--toto--Column ConnectionsColumn Connections--

 Analysis CodeAnalysis Code：： ABAQUSABAQUS
 Min Element SizeMin Element Size：： 11.5mm (T/2)11.5mm (T/2)
 Number of NodesNumber of Nodes：： 91,27891,278
 Number of ElementNumber of Element：： 90,20090,200

完全固定
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Model of Delta zone

3434

Detailed Solid ModelsDetailed Solid Models

FEM Mesh

No. of Nodes: 294966
No. of Elements: 191382

3535

The Analysis ResultThe Analysis Result
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