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Fatigue occurs when a structure is subjected to fluctuating stresses from repeated loads, which can cause cracks to form and propagate even when stresses are much lower than the material's static strength. There are three main stages of fatigue: crack initiation at stress concentrators, incremental crack propagation, and rapid crack propagation once a critical crack size is reached. The total fatigue life consists of the number of cycles for crack initiation and propagation. Fatigue life depends on factors like stress range, structural detail, material properties, and environment. Design of structures against fatigue involves comparing stress ranges to the fatigue strength of detail categories according to EN 1993-1-9.Leer menos

Leer más
Ingeniería




Denunciar
Compartir








Denunciar
Compartir



1 de 51Descargar ahoraDescargar para leer sin conexión















































































































Recomendados
Component failure in road traffic accident by ayoub el amri
Component failure in road traffic accident by ayoub el amriAyoub Elamri 


Fatigue  and creep rapture
Fatigue  and creep raptureonlinemetallurgy.com 


1. Fatigue.pdf
1. Fatigue.pdfYinanFan2 


Simulation of Critical Crack Length Propagation Using Fracture Mechanics
Simulation of Critical Crack Length Propagation Using Fracture Mechanicsijceronline 


302.l9.fatigue.20 nov02
302.l9.fatigue.20 nov02tsengcc 


What is Fatigue in Mechanics Of Material .
What is Fatigue in Mechanics Of Material .Mechanical Engineering at COMSATS Sahiwal 


mechanical failure.pptx
mechanical failure.pptxAbhijeetSingh652 


mechanical failure.pptx
mechanical failure.pptxWallBert1 







Más contenido relacionado
Similar a L6-Fatigue of structures.pdf
FATIGUE AND FRACTURE MECHANICS.pptx
FATIGUE AND FRACTURE MECHANICS.pptxShankarRaman35 



Mechanical properties of metal 2.pptx
Mechanical properties of metal 2.pptxSAMEERSARWAR6 



Chapter 8 mechanical failure
Chapter 8 mechanical failureMeelu Qazi 



A case study on Fatigue failure analysis. 
A case study on Fatigue failure analysis. AbdulAlMamun4 



Mi 291 chapter 4 (learning from failure)
Mi 291 chapter 4 (learning from failure)varun teja G.V.V 



Failure Analysis.pptx
Failure Analysis.pptxAlejandroOlaya10 



Deformation mechanism.pptx
Deformation mechanism.pptxravikumark42 



K.Srinivasulureddy-SNIST-Metallurgy & Material Science-UNIT-2
K.Srinivasulureddy-SNIST-Metallurgy & Material Science-UNIT-2Kunduru Srinivasulu Reddy 



Chapter 8. Mechanical Failure - Failure mechanisms
Chapter 8. Mechanical Failure - Failure mechanismsNamHuuTran 



mom notes 1 vtu mechanical engin vtu eeering
mom notes 1 vtu mechanical engin vtu eeeringSuryaRS10 



Mechanical properties of metals
Mechanical properties of metalsSahreen Shamshad 



Mechanical properties
Mechanical propertiesYatin Singh 



Failure Mechanism In Ductile & Brittle Material
Failure Mechanism In Ductile & Brittle Materialshaikhsaif 



Fracture Mechanics & Failure Analysis:Lecture Toughness and fracture toughness
Fracture Mechanics & Failure Analysis:Lecture Toughness and fracture toughnessNED University of Engineering and Technology 



Sabir shah
Sabir shahSarwar Babar 



FRACTURE PPT.pptx
FRACTURE PPT.pptxPRASANNA NAGASAI BELLAMKONDA 



7639952.ppt
7639952.pptYahiya Ahmed 



Metal fatigue ppt
Metal fatigue pptFlt Lt Dinesh Gupta 



Microstructure design of steel for high creep resistance
Microstructure design of steel for high creep resistanceRajdeep Mondal 



453_17ME653__Metal_Forming.pdf
453_17ME653__Metal_Forming.pdfJai Jaiganeshresearch 





Similar a L6-Fatigue of structures.pdf (20)
FATIGUE AND FRACTURE MECHANICS.pptx
FATIGUE AND FRACTURE MECHANICS.pptx 


Mechanical properties of metal 2.pptx
Mechanical properties of metal 2.pptx 


Chapter 8 mechanical failure
Chapter 8 mechanical failure 


A case study on Fatigue failure analysis. 
A case study on Fatigue failure analysis.  


Mi 291 chapter 4 (learning from failure)
Mi 291 chapter 4 (learning from failure) 


Failure Analysis.pptx
Failure Analysis.pptx 


Deformation mechanism.pptx
Deformation mechanism.pptx 


K.Srinivasulureddy-SNIST-Metallurgy & Material Science-UNIT-2
K.Srinivasulureddy-SNIST-Metallurgy & Material Science-UNIT-2 


Chapter 8. Mechanical Failure - Failure mechanisms
Chapter 8. Mechanical Failure - Failure mechanisms 


mom notes 1 vtu mechanical engin vtu eeering
mom notes 1 vtu mechanical engin vtu eeering 


Mechanical properties of metals
Mechanical properties of metals 


Mechanical properties
Mechanical properties 


Failure Mechanism In Ductile & Brittle Material
Failure Mechanism In Ductile & Brittle Material 


Fracture Mechanics & Failure Analysis:Lecture Toughness and fracture toughness
Fracture Mechanics & Failure Analysis:Lecture Toughness and fracture toughness 


Sabir shah
Sabir shah 


FRACTURE PPT.pptx
FRACTURE PPT.pptx 


7639952.ppt
7639952.ppt 


Metal fatigue ppt
Metal fatigue ppt 


Microstructure design of steel for high creep resistance
Microstructure design of steel for high creep resistance 


453_17ME653__Metal_Forming.pdf
453_17ME653__Metal_Forming.pdf 






Último
Présentation IIRB 2024 M.Campoverde R.Duval
Présentation IIRB 2024 M.Campoverde R.DuvalInstitut Technique de la Betterave 



Chase Commerce Center History Nordberg manufacturing Rexnord Global power com...
Chase Commerce Center History Nordberg manufacturing Rexnord Global power com...drezdzond 



aircraft workshops hangars part1.pdf
aircraft workshops hangars part1.pdfgamalgendy 



Prop Planning.pptxkekwkekwkekwkekwkekwkekw
Prop Planning.pptxkekwkekwkekwkekwkekwkekw17ogil170 



SOLAR PANEL POWERED BATTERY E VEHICLE....
SOLAR PANEL POWERED BATTERY E VEHICLE....DeepakK547422 



Handling Incidents collaboratively is like solving a Rubik's cube.pptx
Handling Incidents collaboratively is like solving a Rubik's cube.pptxNeleUhlemann 



Integrity Constraints in Database Management System.pptx
Integrity Constraints in Database Management System.pptxPallaviPatil905338 



Understanding HAZOP: Implementation, Advantages, and Limitations in the Oil a...
Understanding HAZOP: Implementation, Advantages, and Limitations in the Oil a...soginsider 



Osst-Alternative-Waste-SystemGroup-5.pptx
Osst-Alternative-Waste-SystemGroup-5.pptxImjusttryingtohelp 



PHA vs HAZOP: Understanding Key Concepts in the Oil and Gas Industry
PHA vs HAZOP: Understanding Key Concepts in the Oil and Gas Industrysoginsider 



ISO 5725-2 2019 Accuracy (trueness and precision) of measurement methods and ...
ISO 5725-2 2019 Accuracy (trueness and precision) of measurement methods and ...Boris Chicoma Larrea 



Complete Process of Materials Management.pptx
Complete Process of Materials Management.pptxashwini101142 



TYPES OF GRAIN DRYER IN POST HARVEST TECHNOLOGY.pptx
TYPES OF GRAIN DRYER IN POST HARVEST TECHNOLOGY.pptxARUL S 



ia-chapter61water quality-provisions.pdf
ia-chapter61water quality-provisions.pdfmohamedmustafa939456 



Unit_1.pdf computer networks and computer topology
Unit_1.pdf computer networks and computer topology22i261 



Présentation IIRB 2024 Corentin Sochard - ÌTB
Présentation IIRB 2024 Corentin Sochard - ÌTBInstitut Technique de la Betterave 



MIVAN-A Versite aluminium firmwork construction technique
MIVAN-A Versite aluminium firmwork construction techniquekvijay31 



OVERVIEW OF OPERATING SYSTEM -Basic concepts of operating system like functio...
OVERVIEW OF OPERATING SYSTEM -Basic concepts of operating system like functio...ApurvaLaddha 



Rule Level & Gate Operation in a Dam.pptx
Rule Level & Gate Operation in a Dam.pptxManish Khandelwal 



Architectural Preservation - Heritge Focused in Saudi Arabia WM.pdf
Architectural Preservation - Heritge Focused in Saudi Arabia WM.pdfIgnacio J. Palma, Arch PhD. 





Último (20)
Présentation IIRB 2024 M.Campoverde R.Duval
Présentation IIRB 2024 M.Campoverde R.Duval 


Chase Commerce Center History Nordberg manufacturing Rexnord Global power com...
Chase Commerce Center History Nordberg manufacturing Rexnord Global power com... 


aircraft workshops hangars part1.pdf
aircraft workshops hangars part1.pdf 


Prop Planning.pptxkekwkekwkekwkekwkekwkekw
Prop Planning.pptxkekwkekwkekwkekwkekwkekw 


SOLAR PANEL POWERED BATTERY E VEHICLE....
SOLAR PANEL POWERED BATTERY E VEHICLE.... 


Handling Incidents collaboratively is like solving a Rubik's cube.pptx
Handling Incidents collaboratively is like solving a Rubik's cube.pptx 


Integrity Constraints in Database Management System.pptx
Integrity Constraints in Database Management System.pptx 


Understanding HAZOP: Implementation, Advantages, and Limitations in the Oil a...
Understanding HAZOP: Implementation, Advantages, and Limitations in the Oil a... 


Osst-Alternative-Waste-SystemGroup-5.pptx
Osst-Alternative-Waste-SystemGroup-5.pptx 


PHA vs HAZOP: Understanding Key Concepts in the Oil and Gas Industry
PHA vs HAZOP: Understanding Key Concepts in the Oil and Gas Industry 


ISO 5725-2 2019 Accuracy (trueness and precision) of measurement methods and ...
ISO 5725-2 2019 Accuracy (trueness and precision) of measurement methods and ... 


Complete Process of Materials Management.pptx
Complete Process of Materials Management.pptx 


TYPES OF GRAIN DRYER IN POST HARVEST TECHNOLOGY.pptx
TYPES OF GRAIN DRYER IN POST HARVEST TECHNOLOGY.pptx 


ia-chapter61water quality-provisions.pdf
ia-chapter61water quality-provisions.pdf 


Unit_1.pdf computer networks and computer topology
Unit_1.pdf computer networks and computer topology 


Présentation IIRB 2024 Corentin Sochard - ÌTB
Présentation IIRB 2024 Corentin Sochard - ÌTB 


MIVAN-A Versite aluminium firmwork construction technique
MIVAN-A Versite aluminium firmwork construction technique 


OVERVIEW OF OPERATING SYSTEM -Basic concepts of operating system like functio...
OVERVIEW OF OPERATING SYSTEM -Basic concepts of operating system like functio... 


Rule Level & Gate Operation in a Dam.pptx
Rule Level & Gate Operation in a Dam.pptx 


Architectural Preservation - Heritge Focused in Saudi Arabia WM.pdf
Architectural Preservation - Heritge Focused in Saudi Arabia WM.pdf 











L6-Fatigue of structures.pdf

	1. Advanced Design of  steel and Composite
structures
INTRODUCTION TO FATIGUE
Professor Dan Dubina
 


	2. Introduction to fatigue
EN  1993 Framerwork
 


	3. Introduction to Fatigue
  Fatigue may occur when a member is subjected to repeated cyclic
loadings (due to action of fluctuating stress, according to the terminology
used in the EN 1993-1-9)
 The fatigue phenomenon shows itself in the form of cracks developing at
particular locations in the structure.
 Cracks can appear in diverse types of structures such as: planes, boats,
bridges, frames ,cranes, overhead cranes, machines parts, turbines,
reactors vessels, canal lock doors, offshore platforms, transmission
towers, pylons, masts and chimneys
 Structures subjected to repeated cyclic loadings can undergo progressive
damage which shows itself by the propagation of cracks. This damage is
called fatigue and is represented by a loss of resistance with time.
 


	4. Introduction to Fatigue
  The physical effect of a repeated load on a
material is different from the static load.
 Failure always being brittle fracture regardless
of whether the material is brittle or ductile.
 Mostly fatigue failure occur at stress well
below the static elastic strength of the
material.
 


	5. Introduction to Fatigue
  


	6. Introduction to Fatigue
Main  parameters influencing fatigue life
The fatigue life of a member or of a structural detail subjected to
repeated cyclic loadings is defined as the number of stress cycles it can
stand before failure.
Depending upon the member or structural detail geometry, its
fabrication or the material used, four main parameters can influence the
fatigue strength (or resistance, both used in EN 1993-1-9):
 the stress difference, or as most often called stress range,
 the structural detail geometry,
 the material characteristics,
 the environment
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	8. Introduction to Fatigue
  


	9. Introduction to Fatigue
Fatigue:  Failure under fluctuating stress
 Under fluctuating / cyclic stresses, failure
can occur at lower loads than under a static
load.
 90% of all failures of metallic structures
(bridges, aircraft, machine components,
etc.)
 Fatigue failure is brittle-like –
even in normally ductile materials.
Thus sudden and catastrophic!
 


	10. Introduction to Fatigue
Fatigue:  S—N curves I
Rotating-bending test 


 S-N curves
S (stress) vs. N (number of cycles to failure)
 Low cycle fatigue: small no. of cycles (N  105) high loads
- plastic and elastic deformation
 High cycle fatigue: large # of cycles low loads
- elastic deformation (N  105)
 


	11. Introduction to Fatigue
High  Cycle Fatigue
S-N Curves
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	12. Introduction to Fatigue
Fatigue:  S—N curves II
 Fatigue limit (some Fe and Ti alloys)
S—N curve becomes horizontal at large N
 Stress amplitude below which the material never fails, no
matter how large the number of cycles is ( Endurance
Limit)
 


	13. Introduction to Fatigue
Fatigue:  S—N curves III
Most alloys : S decreases with N.
 Fatigue strength: Stress at which fracture occurs after specified
number of cycles (e.g. 107)(Endurance Strength)
 Fatigue life: Number of cycles to fail at specified stress level
 


	14. Introduction to Fatigue
Fatigue  Testing
Number of Cycles to Failure, N
 


	15. Introduction to Fatigue
Fatigue  Strength
 


	16. Introduction to Fatigue
Representative  Endurance Strengths
 


	17. Introduction to Fatigue
Fatigue  classification
 


	18. Introduction to Fatigue
Methods  to assess fatigue resistance
Endurance limit is the stress level that a material can survive for an infinite number of load
cycles; Endurance strength is the stress level that a material can survive for a given number of
load cycles
 


	19. Introduction to Fatigue
Low  Cycle Fatigue
 Apply controlled amounts of ∆ε
∆ε
∆ε
∆εtotal
∆εtotal = ∆εelastic + ∆εplastic
 Empirical Observations and Rules
 Coffin-Manson Law
 Miner’s Rule
 


	20. Introduction to Fatigue
Low  Cycle Fatigue
Coffin Manson Law
log ∆εpl
εy=σy/E
104
log Nfailure
∆εplastic Nfailure
1/2 = Const.
 


	21. Introduction to Fatigue
__________________________________________________
Low  Cicle Fatigue : Miner’s Rule
Rule of Accumulative damage:
N1 N2 N3
Σ = 1
Ni
Nfailure @ i
Fraction of life time @ i
 


	22. Introduction to Fatigue
Low  cycle fatigue damages
 


	23. Introduction to Fatigue
  


	24. Introduction to Fatigue
The  Fatigue Process
 Crack initiation
o early development of damage
 Stage I crack growth
o deepening of initial crack on shear planes
 Stage II crack growth
o growth of well defined crack on planes normal
to maximum tensile stress
 Ultimate Failure
 


	25. Introduction to Fatigue
Fatigue:  Crack initiation+ propagation (I)
Three stages:
1. crack initiation in the areas of stress concentration (near stress
raisers, inclusions, exsiting vracks)
2. incremental crack propagation
3. rapid crack propagation after crack reaches critical size
The total number of cycles to failure is the sum of cycles at the first and the
second stages:
Nf = Ni + Np
Nf : Number of cycles to failure
Ni : Number of cycles for crack initiation
Np : Number of cycles for crack propagation
High cycle fatigue (low loads): Ni is relatively high. With increasing stress level, Ni
decreases and Np dominates
 


	26. Introduction to Fatigue
Fatigue:  Crack initiation and propagation (II)
 Crack initiation: Quality of surface and sites of stress
concentration (microcracks, scratches, indents,
interior corners, dislocation slip steps, etc.).
 Alternate stresses- slip bands - surface rumpling
 Crack propagation
 I: Slow propagation along crystal planes
with high resolved shear stress. Involves a
few grains.
Flat fracture surface
 II: Fast propagation perpendicular to
applied stress.
Crack grows by repetitive blunting and
sharpening process at crack tip. Rough
fracture surface
 Crack eventually reaches critical dimension and propagates very rapidly
 


	27. Introduction to Fatigue
Crack  initiation and progress with number of cycles
 


	28. Introduction to Fatigue
Crack  development Fracture surfaces
Striation indicating
steps in crack
advancement.
Initiation
site
 


	29. Introduction to Fatigue
Brittle  vs. Ductile Fracture
• Ductile materials - extensive plastic
deformation and energy absorption
(“toughness”) before fracture
• Brittle materials - little plastic
deformation and low energy
absorption before fracture
A B C
A. Moderately ductile fracture
typical for metals
A. Very ductile: soft metals (e.g. Pb, Au) at
room T, polymers, glasses at high T
B. Brittle fracture: ceramics, cold metals,
 


	30. Introduction to Fatigue
Ductile  Fracture (Dislocation Mediated
(a) Necking,
(b) (b) Cavity Formation,
(c) Cavities coalesce 


 form
crack
(d) Crack propagation,
(e) Fracture
45O -
maximum
shear
stress
Crack grows 90o to
applied stress
 


	31. Introduction to Fatigue
Ductile  Fracture (Dislocation Mediated
Cup-and-cone fracture in Al)
Scanning Electron Microscopy. Spherical
“dimples” 


 micro-cavities that initiate crack
formation
( University of Virginia , Dept. of materials Science
Engineering )
 


	32. Introduction to Fatigue
Brittle  Fracture (Low Dislocation Mobility
Crack propagation is fast
Propagates nearly perpendicular to direction of
applied stress
Often propagates by cleavage - breaking of atomic
bonds along specific crystallographic planes
No appreciable plastic deformation
A.Transgranular fracture: Cracks pass through
grains. Fracture surface: faceted texture because of
different orientation of cleavage planes in grains.
B.Intergranular fracture: Crack propagation is
along grain boundaries (grain boundaries are
weakened/ embrittled by impurity segregation
etc.)
( University of Virginia , Dept. of materials Science Engineering )
 


	33. Introduction to Fatigue
Stress  Concentration
Fracture strength of a brittle solid:
related to cohesive forces between atoms.
Theoretical strength: ~E/10
Experimental strength ~ E/100 - E/10,000
s
Difference due to:
Stress concentration at microscopic
flaws
Stress amplified at tips of micro-cracks
etc., called stress raisers
Figure by
N. Bernstein 
D. Hess, NRL
( University of Virginia , Dept. of materials Science Engineering )
 


	34. Introduction to Fatigue
Stress  Concentration
Crack perpendicular to applied
stress: maximum stress near crack tip
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	35. Introduction to Fatigue
Ductile-to-Brittle  Transition
 As temperature decreases a ductile material can become brittle
 


	36. Introduction to Fatigue
Low  temperatures can severely embrittle steels.
Ex. The Liberty ships. Produced during the WWII were the first all-welded ships. A
significant number of ships failed by catastrophic fracture. Fatigue cracks
nucleated at the corners of square hatches and propagated rapidly by brittle
fracture.
 


	37. Introduction to Fatigue
Factors  that affect fatigue life :
Application; Environment; Loads: Types of Stresses; Material; confidence
 Magnitude of stress
 Quality of the surface
Solutions:
 Polish surface
 Introduce compressive stresses (compensate for applied tensile
stresses) into surface layer.
Shot Peening -- fire small shot into surface
High-tech - ion implantation, laser peening.
 Case Hardening: Steel - create C- or N- rich outer layer by atomic
diffusion from surface
Harder outer layer introduces compressive
stresses
 Optimize geometry
Avoid internal corners, notches etc.
 


	38. Introduction to Fatigue
  Thermal Fatigue. Thermal cycling causes expansion and contraction,
hence thermal stress.
Solutions:
 change design!
 use materials with low thermal expansion coefficients
 Corrosion fatigue. Chemical reactions induce pits which act as stress
raisers. Corrosion also enhances crack propagation.
Solutions:
 decrease corrosiveness of medium
 add protective surface coating
 add residual compressive stresses
Environmental effects
 


	39. Design checking against  fatigue
__________________________________________________
• Fatigue strength
The quantitative relationship between the stress range and number of stress
cycles to fatigue failure, used for the fatigue assessment of a particular
category of structural detail
• Deratail category
The numerical designation given to a particular detail for a given direction of
stress fluctuation, in order to indicate which fatigue strength curve is
applicable for the fatigue assessment (The detail category number
indicates the reference fatigue strength ΔσC in N/mm²
• Constant amplitude fatigue limit
The limiting direct or shear stress range value below which no fatigue
damage will occur in tests under constant amplitude stress conditions.
Under variable amplitude conditions all stress ranges have to be below
this limit for no fatigue damage to occur
 


	40. Design checking against  fatigue
__________________________________________________
Cut-of-limit
Limit below which stress ranges of the design spectrum do not
contribute to the calculated cumulative damamage
Endurance
The life to failure expressed in cycles, under the action of a constant
amplitude stress history.
Reference fatigue strength
The life to failure expressed in cycles, under the action of a constant
amplitude stress history
 


	41. Introduction to Fatigue  : Design according to EN 1993-1-9
+
 


	42. Introduction to Fatigue  : design according To EN 1993-1-9
 


	43. Introduction to Fatigue  : Design according to EN 1993-1-9
 


	44. Introduction to Fatigue  : design according to EN 1993-1-9
 


	45. Introduction to Fatigue  : Design Checking
 


	46. Introduction to Fatigue  : Design Checking
 


	47. Introduction to Fatigue  : Detail Categories ( EN 1993-1-9)
 


	48. Introduction to Fatigue  : Detail Categories ( EN 1993-1-9)
 


	49. Introduction to Fatigue  : Detail Categories ( EN 1993-1-9)
 


	50. Introduction to Fatigue  : Detail Categories ( EN 1993-1-9)
 


	51. Introduction to Fatigue  : Detail Categories ( EN 1993-1-9)
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