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Stages of creep

6/19/2024 3

Wide range of parameters are given in 
the ASME BPVC

Stress-strain-time: Linear viscoelasticity 
relationships
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Elastic

Secondary creep

Tertiary creep
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Stress-strain-time: Non-linear creep 
relationships

Relationship 1: General form
𝜀 = 𝜀 + 𝐵𝜎𝑡 + 𝐷𝜎ఈ 1 − 𝑒ିఉ௧
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Relationship 2: Ramberg-Osgood
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Find parameters from Dowling Table 15.4
This equation equivalent to the Ramberg-Osgood equation with:
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Variable step loading

Stress range of ith step:
Δ𝜎 = 𝜎 − 𝜎ିଵ

The stress during the ith step:

𝜎 = Δ𝜎

Note, the time since stress 
change Δ𝜎:

Δ𝑡 = 𝑡 − 𝑡
The strain at any time:

Δ𝜀 = Δ𝜎𝑓 𝑡 − 𝑡
The total strain is then:

𝜀 =Δ𝜀 = Δ𝜎𝑓(𝑡 − 𝑡)

Strain at any time and stress:
𝜀 = 𝜀 + 𝐷ଷ𝜎
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=
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Creep during variable load or temperature

• Data typically for constant load and constant 
temperature conditions during creep

• However, in some engineering problems the 
loading conditions change from time to time 
at high temperature as shown below
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Creep during variable load or 
temperature

The load is not necessarily cyclic 
stress in the fatigue sense, 
but result in different creep 
rates during each different 
load sequence

The following hypotheses are 
proposed to predict the creep 
behaviour of the metal under 
the following conditions:

1. Time-hardening

2. Strain hardening
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Creep during variable load or 
temperature

Time hardening ),( tfc  
Creep rate is a function only of the stress 
and the current time

Creep after the change in stress from σ1
to σ2 has the same shape as the constant 
stress curve from the time change – curve 
is moved vertically up at same slope as σ2
curve = stays parallel to top line as 
shown

Creep strain if only σ1 was applied
Creep strain if only σ2 was applied
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Creep during variable load or 
temperature

Strain hardening ),( cc f  
Strain rate depends only on the stress and 
current plastic strain

Same shape of curve is assumed for σ1, 
but now the appropriate portion of the 
curve, σ2, from the time of change is 
moved horizontally – curve shape is 
essentially repeating itself
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Creep during variable load or 
temperature

• These hypotheses can also be applied in 
variable strain-stress relaxation context
o The prediction of total creep strain after load 

(stress) change are
 Better in the case of the strain-hardening approach 

compared with time-hardening approach
 Both for step-up and step-down load change

• Change of temperature
o Unless extremely slow

 Will induce non-uniform thermal strain gadients
 Thermal stresses with the stress due to load is applied
 Very difficult to predict creep rates under variable 

temperature conditions
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Creep fatigue

• Applications
o Gas and steam turbines
o Rockets and supersonic aircraft

• Use metals at very high temperatures and with 
dynamic fluctuating stresses
o Mean stress causes creep
o Alternating component may lead to fatigue failure
o Problem of fatigue at high temperature

 Phenomenon can be unaccompanied by creep for fully 
reversed or zero mean stress

Creep fatigue interaction

Rough estimates with Palmgren-Miner rule

Creep only:
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Creep fatigue interaction

• Physical processes of creep & fatigue are distinct
• Creep damage may involve grain boundary cracking in 

engineering materials
• Damage due to fatigue may be concentrated in slip bands within 

crystal grains
• Frequency of cycling dependent:

o Slow frequency: Creep have more time
o High frequency: Fatigue might cause failure
o Use frequency-modified fatigue approach

• Time variation of stress & strain (figure on next page):
o Loading with creep in compression only (PC) most severe

 Oxide layer cracking
 Oxidising environment: Oxide surface layer form during compressive creep loading
 Cracks form under subsequent rapid loading into tension
 Early cracking results

o Creep in tension only (CP) gives longest fatigue life
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Creep-fatigue 
interaction
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PP = Plastic deformation on tension & plastic 
deformation on compression
CP = Creep strain on tension & plastic 
deformation on compression
PC = Plastic deformation on tension & creep 
strain on compression – Most severe
CC = Creep strain on tension and 
compression
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Creep fatigue

Typical behaviour of creep fatigue 
in terms of a diagram in which 
fatigue failure is the criterion 
within certain stress and 
temperature limits, and beyond 
these, creep is the predominant 
factor

Remember: fatigue is a cycle-dependent mechanism whereas creep is 
time-dependent

Total creep of 0.26% carbon steel occuring in 100 hours
at 400˚C
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Creep fatigue

Time to rupture is also 
important in certain metals 
because of the greater 
dependency of fatigue life 
on cyclic frequency at high 
temperature

The data on the figure is the combination of alternating and mean stress 
to produce either rupture or a specified creep strain after a particular 
number of hours at a constant temperature

Total creep of 0.26% carbon steel occuring in 100 hours
at 400˚C
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Total creep of 0.26% carbon steel occuring in 100 hours
at 400˚C

Creep fatigue

Points along abscissa 
represent creep only

Points along ordinate 
are for fatigue only
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Creep fatigue
Total creep of 0.26% carbon steel occuring in 100 hours
at 400˚C

This curve presents a 
curve where 0.005 creep 
occurred after 100hours 
at 400˚C under various 
combinations of cyclic 
and mean stress loading

For this material under 
the test conditions, this 
curve indicates the failure 
curve
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Creep fatigue
Total creep of 0.26% carbon steel occuring in 100 hours
at 400˚C

For an alternating stress 
with amplitude of 
200MPa superimposed 
on a mean stress of 
~170MPa, failure of the 
specimen is predicted by 
the failure curve when 
tested for 100hours at 
400˚C
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Creep fatigue
Total creep of 0.26% carbon steel occuring in 100 hours
at 400˚C

A gas turbine blade of 
same material than for 
which curve on left is 
supplied, is exposed to a 
cyclic load with amplitude 
100MPa and mean 
250MPa and will be used 
for 100h under these 
conditions at 400˚C.

Would you expect the 
component to fail?
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Creep fatigue

• Influence of alternating stress on minimum 
creep rate and time to rupture
o Varies considerably with temperature, material and 

length of time
o At higher temperatures or long life, alternating 

stress appear to have little effect on creep rate
 There are cases where creep strengthening has resulted 

under these conditions

o At lower temperatures or shorter rupture times
 Fatigue appears to play more detrimental part – giving 

higher creep rate

Remanent Life Assessments

• Classification of creep damage
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• Average size after 1 000 h at T
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Microvoid formation at grain boundaries

• Neubauer classification one of the best to use.
• Micro-cavities appear some time before 

rupture.
o Also called micro-voids or micro-cavities.

• Cavities form micro-cracks by interlinkage.
o Size & density increase as creep progresses from 

secondary to tertiary stages.
o Cavity size largely dependent on material type.
o Cannot be detected by conventional NDT 

techniques (PT, UT, MT, RT).
 Metallographic investigation is required.
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How to model

• Linear elastic fracture mechanics (LEFM)

• Use size associated with the classification of 
creep damage
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Standards used for Remaining Life 
Assessements

• API 617
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