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Local (Structural) Stress Based Fatigue Design

Fatigue and Fracture Control Design #4
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“Fatigue Design

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

=

Non-Load Carrying
Cruciform Joints:
JSSC-Category E

Load Carrying
Cruciform Joints:
JSSC-Category H

J

Joint Types Category

Strength
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~Fatigue Design
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Structural Hot-spot Stress Approach

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

Stress Concentration

Stress Distribution
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Structural Hot Spot Stress approach
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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
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""" ~ Importance of the Structural
Hot-Spot Stress Approach

The Structural Hot-Spot Stress Approach is
Applicable to Complicated Stress Conditions

due to complicated geometry
due to structural discontinuities

due to complicated plate deformation
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Complicated Geometry of Joints
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Influential Factors

Weld Bead Sizes, Angle, Finishing, Plate Thickness,
Symmetry, Complicated Stress Transferring
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Structural Discontinuities

Large opening

Flange curling Discontinuity effect in a shell  Eccentric joint
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/""" Complicated Plate Deformation

MEC Patran 2001 ¢3 25~ an~0507:5
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For Example,
In case of Steel Orthotropic Deck
Bridges

Fringe: tire15, Stepd TotalTumesll, Stress, Components - Min Brincipel, (NON -LAYERED)

Q

. FEM Analysis%sult
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Hot Spots

Fitsid wEilts

Type

Description

Determimation

Structural hot spot stress transverse to
weld toe on plate surface

Special FEA procedure or
measurement and extrapolation

Structural hot spot stress transverse to
weld toe at plate edge

Special FEA procedure or
measurement and extrapolation
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Definition of Structural Hot Spot Stress

computed total i
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reference points

/ / stress on surface
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Dependency of Structural Stress
on the Angle (1)
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Dependency of Structural Stress
on the Angle (2)
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FEA model for hot spot stress

e Thin plate or shell element
» Solid element (alternatively)

shell elements
(without welds)

o
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(1) Thin plate or shell element

* Element Arrangement:

— Mid Plane of the structural components
« Recommended Element type

— 8-noded Element

FiAsiA wEits
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- (2) Solid element

» prismatic solid elements
For complex cases
« Recommended Element type

— Isoparametric 20-noded element
(mid-side node at the
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Element length

Reference points for subsequent extrapolation.

Determination of Element Lengths

Evaluation of stress at

Avoiding stress singularity ———
J J Y First and Second Nodes

computed fotal
::::;m siress rafergnce points
\ / ! / sirplss on surface
>
Element Lengths 17
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Reference points for type “a” hot spots
Relateo_l to shell thickness t F\U\
1. Fine mesh (element length<0.4t): }
1. By Two Reference Points: I

04t] |

o, =1670,, —0.670,, 10t

2. By Three Reference Points:

O =2.920,, —2.240,, +0.720, ,,

o

2. Coarse mesh: - -

Element length=1.0t with higher-order Elements <

oy =1.50035 —0.500, 5 e
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Reference points for type “b” hot spots
Given by absolute distance N

1. Fine mesh (element length< 4mm): )

NPV,
Ohs = 3(74mm _308mm + Oomm 4™

8 mm
12 mm
- >

2. Coarse mesh:
Element length=10mm
with higher-order Elements ‘\[\l

)
— — N
o =1.50;... —0.50;: ., _ |
smm| [
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Recommended meshing
and extrapolation
Type of model Relatively coase models Relatively fine models
and weld toe
Type a Typeb Type a Type b
Element | Shells |txt 10 x 10 mm <04txtor |[<4x4mm
size max t x w/2” <04txw/2
Solids | txt 10 x 10 mm <04txtor [<4x4mm
max t X w <04txw/?2
Extrapo- | Shells | 0.5tand 1.5¢ 5and 15 mm O4tand 1.0t |4, 8and 12 mm
lation mid-side mid-side pomts | nodal pomts | nodal pomts
points points™
Solids |0.5and L.5¢ Sand 15mm [O4tand 1.0t |4, 8and 12 mm
surface center surface center | nodal points | nodal points
g w = longitudinal attachment thichness + 2 weld leg lenths
) surface center at transverse welds, if the weld below the plate is not modelled (see left
20
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Fatigue Resistance
Against Structural Hot Spot Stress
FAT 100 FAT 90

g Do | Do
E{Ff?'; A E{bﬁ?‘;

L =L
L > 100mm
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Effective Notch Stress

» Used for toe and root crack
* Modeling: geometrical radius plus 1mm

—~ Radius = 1Imm

 Effective notch fatigue resistance for steel

Quality of weld noteh

Effective notch radius Notch as-welded, normal 225
equalling 1 mm replacing | welding quality

weld toe and weld root

notch m=3
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