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Outline 

• Impact testing. 

• Izod impact test. 

• Charpy impact test. 

• Creep testing & Creep stages. 

• Effect of Temperature & stress level. 

• Mechanism of Creep. 

• Stresses cycles. 

• Fatigue test apparatus & Failure modes. 

• S-N curves, Soderberg & Goodman lines. 
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Introduction 
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fracture or to withstand impact. 



Purpose of Impact Testing 

• The purpose of impact testing is to measure an object's 

ability to resist high-rate loading. 

• It is usually thought of in terms of two objects striking 

each other at high relative speeds. 

• A part, or material's ability to resist impact often is 

one of the determining factors in the service life of a 

part, or in the suitability of a designated material for a 

particular application. 

• Impact resistance can be one of the most difficult 

properties to quantify. 

• The ability to quantify this property is a great advantage 

in product liability and safety. 
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Impact test  
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Impact test  

The impact toughness of the specimen 

is calculated by the formula: 

• Q = U / A 

Where 

• Q-impact toughness, 

• U – the work, required for breaking 

the specimen 

• U = M*g*H0 – M*g*H 

• M: the pendulum mass, 

• A: cross-section area of the specimen 

at the notch. 
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Izod Impact Test 



Izod test 

• Strikes at 167 Joules. 

 

• Test specimen is held 

vertically. 

 

• Notch faces striker. 

Izod Impact Test 



Izod impact test  

• The Izod impact test is the most common test in North 

America. ASTM D256 and ISO 180. 

• A pendulum swings on its track and strikes a notched, 

cantilevered plastic sample. 

• The energy lost (required to break the sample) as the 

pendulum continues on its path is measured from the 

distance of its follow through. 

• Sample thickness is usually 1/8 in. (3.2 mm) but may 

be up to 1/2 in. (12.7 mm). 

• The result of the Izod test is reported in energy lost per 

unit cross-sectional area at the notch (J/m²). 
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Izod impact test  
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Izod impact test  
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Charpy impact test 

• Strikes form higher 

position with 300 Joules. 

 

• Test specimen is held 

horizontally. 

 

• Notch faces away from 

striker. 



Charpy impact test 
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Charpy impact test 
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Charpy impact test 
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Comparison between Impact Tests  
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Izod Impact Tester   Charpy Impact Tester.mp4
Charpy Impact Test.mp4


Failure modes 
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Strain Energy under Impact 

Tension  
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Internal strain energy 
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External strain energy 
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Elastic Impact tension 
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Solved example  
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Creep 

When a weight is hung from a piece of 

lead and left for a number of days the lead 

will stretch. This is said to be creep. 

Problems with creep increase when the 

materials are subject to high temperature 

or the materials themselves have low 

melting points such as lead. Creep can 

cause materials to fail at a stress well 

below there tensile strength. 



 Creep Test 

Furnace 

Time-dependent deformation due to  constant load at high 

temperature (> 0.4 Tm)  
 

Examples: turbine blades, steam generators. 



1. Instantaneous deformation, mainly elastic. 

2. Primary/transient creep. Slope of strain vs. time decreases with time: work-

hardening 

3. Secondary/steady-state creep.  Rate of straining constant: work-hardening and 

recovery.  

4. Tertiary.  Rapidly accelerating strain rate up to failure: formation of internal cracks, 

voids, grain boundary separation, necking, etc.  

 Stages of Creep 



Typical Creep Curve 

A typical creep curve showing the strain produced as a function of time for a constant stress and temperature 



 Stages of Creep 
Secondary/steady-state creep: 

 Longest duration 

 Long-life applications  

 

Time to rupture ( rupture lifetime, tr): 

  Important for short-life creep 

t/s 

/t 

tr 
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Izod Impact Tester   Charpy Impact Tester.mp4
IB-CREEP Series - Creep Testing Machine.mp4
Creep test.mp4
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With increasing stress or temperature: 

 The instantaneous strain increases 

 The steady-state creep rate increases 

 The time to rupture decreases  

Effect of Temperature 



Effect of Temperature 

The effect of temperature or applied stress on the creep curve 



 Stages of Creep 

increasing stress or temperature: 



Characteristics 

Creep characteristics of the metals are affected by; 

Melting Temp. 

Elastic Modulus 

Grain Size. 

  

The higher the melting temperature, the greater the elastic 

modulus and the larger the grain size, the better is a 

material’s resistance to creep. Smaller grains permit more 

grain boundary sliding. 

 

 



 Mechanism of Creep 

Different mechanisms act in different materials and under different loading and 

temperature conditions: 

 

 Stress-assisted vacancy diffusion 

 Grain boundary diffusion 

 Grain boundary sliding 

 Dislocation motion  
 

Grain boundary diffusion             Dislocation glide and climb 



Dislocation Movement 

Dislocations can climb (a) when atoms leave the dislocation line to create 

interstitials or to fill vacancies or (b) when atoms are attached to the 

dislocation line by creating vacancies or eliminating interstitials 



Crack formation 

43 



Cavitation & cracking under SEM 





Typical Engine 



Gas Turbine Blades 



Temp. and Strain 
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Use of Creep Data 

 Stress-rupture curve - A method of reporting the results of a 

series of creep tests by plotting the applied stress versus the 

rupture time. 

 Larson-Miller parameter - A parameter used to relate the 

stress, temperature, and rupture time in creep. 



Use of Creep Data 

Results from a series of creep tests. (a) Stress-rupture curves for an 

iron-chromium-nickel alloy and (b) the Larson-Miller parameter for 

ductile cast iron 



Use of Creep Data 



Use of Creep Data 



Larsen-Miller parameter 
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Solved example 
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