
CREEP FAILURECREEP FAILURE

�� The start of tertiary creep indicates that damage in the metal hThe start of tertiary creep indicates that damage in the metal had occurred, ad occurred, 

which will end in creep failure. which will end in creep failure. 

�� ““But why should tertiary creep occur at all?But why should tertiary creep occur at all?””

�� It has been shown that in steadyIt has been shown that in steady--state creep there is a balance between two state creep there is a balance between two 

opposing tendencies: The trend for the strength of the material opposing tendencies: The trend for the strength of the material to increase to increase 

during creep by strain hardening and the trend for the strength during creep by strain hardening and the trend for the strength to decrease by to decrease by 

recovery. recovery. 

�� ““ What happens to upset this balance when tertiary creep begins?What happens to upset this balance when tertiary creep begins?””

CREEP FAILURECREEP FAILURE

�� SteadySteady--state creep is only a metastable state that can be brought to anstate creep is only a metastable state that can be brought to an end by end by 

irreversible changesirreversible changes

�� The onset of creep is an indication that The onset of creep is an indication that voids or cracksvoids or cracks are forming in the are forming in the 

material, the number of these voids increases with strain and timaterial, the number of these voids increases with strain and time.  By reducing me.  By reducing 

the net crossthe net cross--sectional area of load bearing material, these voids must weakensectional area of load bearing material, these voids must weaken

the material and help to induce tertiary creep.  the material and help to induce tertiary creep.  

�� Two types of voids have been mainly observed in alloys after creTwo types of voids have been mainly observed in alloys after creep: ep: roundround and and 

wedge shapedwedge shaped voidsvoids

�� The mechanism of void formation involves The mechanism of void formation involves grain boundary slidinggrain boundary sliding

Intergranular cracks • Wedge crack:

� Initiate mostly at grain boundaries which are aligned for max shear.

• Round or elliptical cavities (r-cracks)

� form in the grain boundaries that are aligned normal to the tensile 

stress



Creep tests on a stainless steel at 550oC produced a strain of 0.12 after 300 

hours when subjected to a stress of 350 MN/m2 and a strain of 0.08 after 

1200 hours when stressed to 245 MN/m2. Assuming steady state creep, 

calculate the time to produce 0.1 % strain in a link bar of the same material 

when stressed to 75 MN/m2 at 550oC. 

example

Solution:
At 550oC and stress of 350 MPa, the creep rate is 0.12/300 = 4x10-4 /hr

At 550oC and stress of 245 Mpa, the creep rate is 0.08/1200 = 6.67x10-5 /hr

The relationship between strain rate, dε/dt, and stress, 

σ at a constant temperature is give by:

dε/dt = Cσn, where C and n are 
constant 

4 x10-4 = C x 350n ……………………….(1)
6.67x10-5 = C x 245n…………………….(2)

Apply log for both eq (1) and (2), then subtract  (1) and (1), then n = 5.04

log C = - 16.12

For the stress of 75 MPa, we get the strain rate is 1.67x10-7 /hr
Therefore, the time needed to produce 0.1 % strain, or 0.001 strain is 

0.001/1.67x10-7 = 5988 hrs 

The following creep data were taken on an Al alloy at 480oC and constant stress of 
2.75 MPa. Plot the data as strain versus time, then determine the steady state 
or min creep rate

Time (min) strain Time (min) Strain

0 0 18 0.82

2 0.22 20 0.88

4 0.34 22 0.95

6 0.41 24 1.03

8 0.48 26 1.12

10 0.55 28 1.22

12 0.62 30 1.36

14 0.68 32 1.53

16 0.75 34 1.77

Solution:

The steady-state creep rate (∆ε/∆t) is the slope of the linear region (i.e., the 
straight line that has been superimposed on the curve) as 

∆ε∆t=(1.20−0.25) / (30 – 0) min =3.2 x 10-2 min-1

Exercise

• A specimen 1015 mm long of a low C-Ni alloy is to be exposed 
to a tensile stress of 70 MPa at 427oC. Determine its elongation 
after 10000 hrs. Assume that the total of both instantaneous 
and primary creep elongations is 1.3mm. 

Exercise

Steady-state creep rate (h-1)

Solution:

t
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This problem asks that we determine the total elongation of a low carbon-
nickel alloy that is exposed to a tensile stress of 70 MPa at 427°C for 10,000 

h; the instantaneous and primary creep elongations are 1.3 mm

From the 427°C line in Figure, the steady state creep rate dεs/dt is about 4.7 

x 10-7 h-1 at 70 MPa. The steady state creep strain, εs, therefore, is just the 

product of dεs/dt and time as as 

=(4.7 x 10-7 h-1)(10,000 h)=4.7 x10-3

Strain and elongation relation are 

∆ls=loεs=(1015 mm)(4.7 x 10-3)=4.8 mm

Finally, the total elongation is just the sum of this ∆ls and the 

total of both instantaneous and primary creep elongations [i.e.,

1.3 mm]. Therefore, the total elongation is 4.8 mm + 1.3 mm = 

6.1 mm.



• For a cylindrical low C-Ni alloy specimen originally 19mm in diameter 

and 635 mm in long, What tensile load is necessary to produce a total 

elongation of 6.44 mm after 5000 hrs at 538oC? Assume that the sum 

of instantaneous and primary creep elongations is 1.8 mm.

•

Exercise

Steady-state creep rate (h-1)

• Solution:

We are asked to determine the tensile load necessary to elongate

a 635 mm long low carbon-nickel alloy specimen 6.44 mm after 

5,000 h at 538°C. 

It is first necessary to calculate the steady state creep rate in 

order to determine the tensile stress. 

The steady state elongation, ∆ls, is just the difference between the total 

elongation and the sum of the instantaneous and primary creep elongations; 

that is, 

∆ls=6.44 mm−1.8 mm=4.64 mm 

Now the steady state creep rate,  dε/dt  is 

dεs/dt=∆ε/∆t=∆ls/lo/∆t=4.64 mm/635mm/5,000 h 

= 1.46 x 10-6 h-1

Employing the 538°C line in the Figure, a steady state creep rate 

of 1.46 x 10-6 h-1 corresponds to a stress σ of about 40 MPa  

[since log (1.46 x 10-6) = -5.836]. From this we may compute the 

tensile load  as 

F=σAo = σπ(do/2)2 = 11300 N

Presenting Creep DataPresenting Creep Data

�� Creep deformation involves 4 major variables: stress, strain, tiCreep deformation involves 4 major variables: stress, strain, time and me and 

temperaturetemperature

�� The method of presenting data used depends on the particular queThe method of presenting data used depends on the particular question to which stion to which 

a design engineer requires an answera design engineer requires an answer

�� One important information is One important information is the time it will takethe time it will take a specimen of a material to a specimen of a material to 

reach a reach a particular creep strain at a specified temperatureparticular creep strain at a specified temperature

�� This is provided by plotting This is provided by plotting isometric stressisometric stress--timetime curvescurves

Isometric stressIsometric stress--time curves for different strainstime curves for different strains

Strain
(iv) > (iii) > (ii) > (i)



Isochronous stressIsochronous stress--temperature curves temperature curves 

for the time to produce 0.2% creep for the time to produce 0.2% creep 

strain for Nimonic 80A alloystrain for Nimonic 80A alloy

�� Other important question an Other important question an 

engineer might ask is:engineer might ask is:

�� My component must not exceed a My component must not exceed a 

creep strain of 0.1% in 500 hours, creep strain of 0.1% in 500 hours, 

What is the maximum stress the What is the maximum stress the 

material will support at 1000 K?material will support at 1000 K?

�� In this case we use In this case we use Isochronous Isochronous 

stressstress--temperature curvestemperature curves

• For long-time creep and stress rupture data

� 1% deformation in 100,000 h (11.4 years!!!) 

� Impractical to collect data from normal laboratory test.

� Therefore, we need to perform creep test/creep rupture test at 

temperatures in excess, and making suitable extrapolation to the in-service 

condition.

Prediction of long-time properties

Larson-Miller parameter

LarsonLarson--Miller ParameterMiller Parameter

�� Stress rupture or failure data for high temperature resistant alStress rupture or failure data for high temperature resistant alloys are often loys are often 

plotted as plotted as log stress to rupture vs. a combination of log time to rupture alog stress to rupture vs. a combination of log time to rupture and nd 

temperaturetemperature. The . The LarsonLarson--MillerMiller (LM) parameter is most widely used. (LM) parameter is most widely used. 

P(LarsonP(Larson--Miller)parameter = T(log tMiller)parameter = T(log trr + C)+ C)

�� In terms of KIn terms of K--hours:hours:

P(LM) = {T(0C) + 273(20 + log tr)}P(LM) = {T(0C) + 273(20 + log tr)}

�� According to the According to the LarsonLarson--MillerMiller parameter, at a given stress level the log time to parameter, at a given stress level the log time to 

stress rupture (failure) plus a constant multiplied by the tempestress rupture (failure) plus a constant multiplied by the temperature remains rature remains 

constant for a given material. constant for a given material. 

•• T,  is the temperature in K.T,  is the temperature in K.

•• ttrr,  stress,  stress--rupture time, hoursrupture time, hours

•• C, constant, is assumed to have a C, constant, is assumed to have a 

value of 20.value of 20.

Example: Example: 

Using the LM parameter plot Using the LM parameter plot 

at a stress of 207 MPa, at a stress of 207 MPa, 

determine the time to failure determine the time to failure 

at 980 at 980 ooC for DS CM247 alloyC for DS CM247 alloy

From graph, LM parameter = From graph, LM parameter = 

27.8x1027.8x1033 KK--hh

P = T(K) (20 + log tP = T(K) (20 + log trr))

27.8x1027.8x1033 = 1253(20 + log t= 1253(20 + log trr))

ttrr = 155 hours= 155 hours

P(LM) = [T(P(LM) = [T(00C) + 273(20 + log tC) + 273(20 + log trr)] x 10)] x 1033

(T + 460) (20 + log t) x 103 (for temperature, T in oF)



• Consider an 18-8 Mo stainless steel component (figure) that is 
exposed to a temperature of 650oC (923K). What is the 
maximum allowable stress for a rupture lifetime of 1 year? 15 
years?

Exercise Solution

• We are asked in this problem to calculate the stress levels at 

which the rupture lifetime will be 1 year and 15 years when an 

18-8 Mo stainless steel component is subjected to a temperature 

of 650°C (923 K). 

• It first becomes necessary to calculate the value of the Larson-

Miller parameter for each time. The values of tr corresponding to 

1 and 15 years are 8.76 x 103 h and 1.31 x 105 h, respectively.

Hence, for a lifetime of 1 year 

T(20 + log tr)=923 (20 + log (8.76 x 103))=22.10 x 103 K-h 

for tr = 15 years 

T(20 + log tr)=923 (20 + log (1.31 x 105))=23.18 x 103 K-h 

Using the curve shown in the Figure, the stress values 

corresponding to the one- and fifteen-year lifetimes are 

approximately 110 MPa  and 80 MPa, respectively. 

CREEP CONTROLCREEP CONTROL

�� The objectives of creep control are to produce (use) a material The objectives of creep control are to produce (use) a material that is stable that is stable 

under specified levels of stress, temperature and environment. under specified levels of stress, temperature and environment. 

�� The material should not change its dimensions (or creep) and shoThe material should not change its dimensions (or creep) and should not lose uld not lose 

its integrity or fracture. its integrity or fracture. 

�� In practice true stability at high temperature has never been acIn practice true stability at high temperature has never been achieved and the hieved and the 

development of alloys is a matter of trying to retard inevitabledevelopment of alloys is a matter of trying to retard inevitable changes in the changes in the 

material material 

�� ““There is a finite lifetime for a component in service under streThere is a finite lifetime for a component in service under stress at high ss at high 

temperaturetemperature””

Example: Example: turbine blades for jet enginesturbine blades for jet engines

�� The strategy used to develop NickelThe strategy used to develop Nickel--based superalloys for turbine blades has based superalloys for turbine blades has 

3 aims:3 aims:

1. to inhibit the oxidation of the alloy (add Chromium)1. to inhibit the oxidation of the alloy (add Chromium)

2. to inhibit the deformation of the grains (add Aliminium and t2. to inhibit the deformation of the grains (add Aliminium and titanium)itanium)

3. 3. to inhibit the deformation between the grainsto inhibit the deformation between the grains..

�� Introduce precipitates at the grain boundaries (carbides) which Introduce precipitates at the grain boundaries (carbides) which 

reduce grain boundary slidingreduce grain boundary sliding

�� Align the grain parallel to the applied stress (directional soliAlign the grain parallel to the applied stress (directional solidification)dification)

�� Completely remove the grain boundaries (single crystal turbines)Completely remove the grain boundaries (single crystal turbines)



CREEP CONTROLCREEP CONTROL

Turbine bladesTurbine blades

CREEP CONTROLCREEP CONTROL

NiNi--base superalloysbase superalloys

Equiaxed CastingEquiaxed Casting

NiNi--base superalloysbase superalloys

Directionally SolidifiedDirectionally Solidified

NiNi--base superalloysbase superalloys

Single Crystal CastingSingle Crystal Casting

From: H. Bhadeshia, Cambridge University (www.msm.cam.ac.uk)

Equiaxed
Crystal Structure

Equiaxed
Crystal Structure

Directionally

Solidified Structure

Directionally

Solidified Structure
Single CrystalSingle Crystal



Comparison of creep properties at 980Comparison of creep properties at 980ooC  and 207 MPa of MARC  and 207 MPa of MAR--M200 in  M200 in  

equiaxed casting, DS and SC turbine bladesequiaxed casting, DS and SC turbine blades

Cite three metallurgical /processing techniques that are employed 
to enhance the creep resistance of metals alloy.

exercise

Solution:

Three metallurgical/processing techniques that are employed to 
enhance the creep resistance of metal alloys are 

(1)solid solution alloying, 
(2) dispersion strengthening by using an insoluble second phase

(3) increasing the grain size or producing a grain structure with a 

preferred orientation. 


