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DESCRIPTION OF CREEP

Creep of materials is classically associated with time-dependent plasticity under a

fixed stress at an elevated temperature, often greater than roughly 0.5 Tm, where Tm

is the absolute melting temperature





three regions are delineated: 
1- Stage I, or primary creep,
which denotes that portion where the
creep-rate (plastic strain-rate), dϵ/dt is changing with 
increasing plastic strain or time. 
2- constant strain-rate conditions (Stage II,
secondary, or steady-state creep), dϵ/dt is constant with 
increasing plastic strain or time hardens.
3- cavitation and/or cracking increase the
apparent strain-rate or decrease the flow stress. This regime 
is termed Stage III, or tertiary creep, and leads to fracture.
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10^(-2) < σ/G < 10^(-4)





Coble creep:
a form of diffusion creep, is a mechanism for deformation of crystalline solids. Coble
creep occurs through the diffusion of atoms in a material along the grain boundaries,
which produces a net flow of material and a sliding of the grain boundaries.

Coble creep is named after Robert L. Coble, who first reported his theory of how
materials creep over time in 1962 in the Journal of Applied Physics.

0.5 Tm<T<0.8 Tm



Coble mechanism

D , σ, T         ϵ

g            ϵ

The Boltzmann constant







Nabarro and Herring mechanism









The strain-rate is proportional to g2 in the Nabarro–Herring

model whereas it is proportional to g3 in the Coble model





Harper-Dorn creep mechanism observed at high temp. and low stress
in aluminum single crystals and in polycrystalline specimens with a 3.3mm grain size.

With high purity (99.999%)













Superplastic tensile deformation in Pb–62% Sn eutectic alloy 
tested at 415 K and a strain rate of 1.33 × 10−4 s−1; total strain 
of 48.5. 

(From M. M. I. Ahmed and T. G. Langdon, Met. Trans. A, 8 (1977) 1832.)

Superplasticity





Grain boundary sliding

 At low temperatures the grain boundaries are ‘stronger’ than the crystal interior and impede 

the motion of dislocations.

 Being a higher energy region, the grain boundaries pre-melt before the crystal interior.

 Above the equicohesive temperature, due to shear stress at the ‘local scale’, grain 

boundaries slide past one another to cause plastic deformation. 

 The relative motion of grain boundaries can lead to wedge cracks at triple lines (junction of 

three grains). If these wedge cracks are not healed by diffusion (or slip), microstructural 

damage will accumulate and will lead to failure of the specimen.

Grains

Wedge crack due to 
grain boundary sliding



One of the processes to accommodate grain-boundary strain

at elevated temperature is grain-boundary migration.



نددانه ها نباید کروي باشند و حتما باید گوشه اي باش



Grain-boundary sliding assisted by diffusion in Ashby–Verrall’s model.

(Reprinted with permission from M. F. Ashby and R. A. Verrall, Acta Met., 21 (1973) 149.)

Ashby-Verrall’s Model





دماي 		ر درنسبت به یکدیگ		دانه ها		یکی از مکانیزم هاي تغییرشکل مواد در اثر حرکت		لغزش مرزدانه اي
-سیتۀ ریزاین مکانیزم نقش عمده اي در خزش و سوپرپلاستی. پایین است		کرنش	بالا و سرعت		همولوگ

.ساختار دارد
ش شبکۀ مرزدانه اي در فرآیندهایی از قبیل مهاجرت مرزدانه، مهاجرت فصل مشترك سه تایی، چرخ

 دانه ها و فعالیت نابجایی در خود مرزدانه یا به کمک نابجایی هاي شبکه به لغزش مرزدانه نیاز

.در اثر لغزش و صعود آنهاست		نابجایی ها		مکانیزم اصلی لغزش مرزدانه اي حرکت	 .دارد





 دلیل هب . کنند می پیدا نرم حالت و کرده شدن ذوب به شروع دانه هاي مرز ، دما افزایش با . اند مستحکم دانه هاي مرز پایین هاي دما در

 ارساخت در شکل تغییر موجب و لغزند می هم کنار در دانه هاي مرز ، دانه هاي مرز شدن نرم و جسم روي بر اعمالی برشی تنش وجود

 .گردند می ماده کریستالی









the temperature decreases below roughly  0.5–0.6 Tm

Between this two laws:



The stress exponent is about 4.5 for aluminum. Although this is not precisely five, it
is constant over a range of temperature, stress, and strain-rate, and falls within the
range of 4–7 observed in pure metals and class M alloys







Stacking Fault Energy

Lower SFE materials display wider 
stacking faults and have more 
difficulties for cross-slip. 

The width of stacking fault is a 
consequence of the balance 
between the repulsive force 
between two partial dislocations

A stacking fault is created by the 
dissociation of a perfect dislocation 

into two partial dislocations.















Three-Power-Law mechanism

Cottrell–Jaswon eq.





Solute drag creep





The creep behavior of second phase in the matrix:

1- Shape of precipitates

2- The coherency

3- Volume content

4- Particle size 
5- Distribution of particles

It is well known that second-phase particles provide enhanced strength at
lower temperatures



Friedel cutting or Orowan by passing

The Orowan stress is determined by the bypass stress based on an Orowan loop mechanism
Strengthening from Coherent particles can occur in a variety of ways that usually involves particle 
cutting







Friedel cutting: Dislocation is passing through particle and shifts its upper part with respect to 
the lower part. Extra surface energy has to be generated which limits this process to small 
particles.
Friedel cutting is possible for small and coherent particles only due to the extra surface 
energy which has to be raised when cutting the particle.





PLB





t total= t1=t2=t3

ϵ total= ϵ 1+ ϵ 2+ ϵ3















عوامل موثر بر نوع شکست
دما -1
تنش -2
)مرزدانه هاي سه تایی(کار سرد  -3

تبلور مجدد -4



Cavitation (r-type) or voids
w or Wedge-type cracking
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Master plot for Larson–Miller parameter for S-590 alloy (an 
Fe-based alloy) (C = 17).

Larson-Miller Parameter





Relationship between time rupture and temperature at three 
levels of stress, σa, σb, and σc, using Manson–Haferd 
parameter (σa > σb > σc).

Manson-Hafered Parameter



Relationship between time to rupture and temperature
at three levels of stress, σa > σb > σc, using Sherby–
Dorn parameter.

Sherby-Dorn Parameter
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Dynamic recrystallization

































Stress Relaxation



























Resistance to Creep

 Solid solution hardening

 Precipitate hardening

 Microstructure



Heat Resisting Steel

Precipitates

M23C6 , M7 C3 , M2X , 

M3 C , M6 C ,  M X

Intermetallics
Laves Phase, Z-Phase

Alloying Elements

Substitutional : 

Cr, V, Nb, Mo,W, Cu, 
Mn

Interstitial :
C, N

Creep Resistant Steel

Microstructure
Tempered Martensite, 
Bainite



Creep resistance alloys

1- superalloy

2- stainless steel (ferritic and austenitic matrix): 9-12 % Cr, Mo, V (9Cr-1Mo-0.2V steel )

with temperature up to 550 °C and 650 °C, respectively

3- high melting point metals

4- cast-iron

5-aluminum





A superalloy, or high-performance alloy, is an alloy with the ability to

operate at a high fraction of its melting point.

Several key characteristics of a superalloy are excellent mechanical strength,

resistance to thermal creep deformation, and resistance to corrosion or

oxidation.

The crystal structure is typically face-centered cubic (FCC) austenitic.



Superalloys develop high temperature strength through solid solution 

strengthening and precipitation strengthening from secondary phase 

precipitates such as gamma prime and carbides. 

Oxidation or corrosion resistance is provided by elements such 

as aluminium and chromium. 



1- Ni-based superalloys have emerged as the material of choice for these

applications.

2- Co-based superalloys potentially possess superior hot corrosion, oxidation,

and wear resistance as compared to Ni-based superalloys.

3-Fe-based superalloy

The use of steels in superalloy applications is of interest because certain steel

alloys have showed creep and oxidation resistance similar to that of Ni-based

superalloys, while being far less expensive to produce.



Super alloys including not only metals, but also nonmetals;

chromium, iron, cobalt, molybdenum, tungsten, tantalum, aluminium, titanium,

zirconium, niobium, rhenium, yttrium, vanadium, carbon, boron or hafnium are

some examples of the alloying additions used.

Each of these additions has been chosen to serve a particular purpose in

optimizing the properties for high temperature application.







-The γ’ phase is a cubic L12-structure Ni3(Al, Ti, Ta, Nb) phase that produces 

cuboidal precipitates. Superalloys often have a high (60-75%) volume fraction of γ’ 

precipitates. γ’ precipitates are coherent with the parent γ phase, and are resistant 

to shearing due to the development of an anti-phase boundary when the precipitate 

is sheared. 

-The γ” phase is a tetragonal Ni3Nb or Ni3V structure. The γ” phase, however, is 

unstable above 650 °C, so γ” is less commonly used as a strengthening phase in 

high temperature applications. 

-Carbides are also used in polycrystalline superalloys to inhibit grain boundary 

sliding.









Examples of

such alloys are

Hastelloy,

Inconel,

Waspaloy,

Rene alloys, I

ncoloy, MP98T,

TMS alloys, and

CMSX single

crystal alloys.



Phase Formation

Adding new elements is usually good because of solid solution strengthening, but

engineers need to be careful about which phases precipitate.

Precipitates can be classified as geometrically close-packed (GCP), topologically close-

packed (TCP), or carbides. GCP phases are usually good for mechanical properties, but

TCP phases are often deleterious. Because TCP phases are not truly close packed,

they have few slip systems and are very brittle. They are additionally bad because they

"scavenge" elements away from GCP phases.

Many elements that are good for forming γ' or have great solid solution strengthening

may precipitate TCPs.



Engineers need to find the balance.

An area of the alloy with TCP phase formation will be weak because

•the TCP phase has inherently poor mechanical properties

•the TCP phase is incoherent with the γ matrix

•the TCP phase is surrounded by a "depletion zone" where there is no γ'

•the TCP phase usually forms sharp plate or needle-like morphologies which easily

nucleate cracks















درجه سانتی گراد  200در یک آلیاژ آلومینیوم در دماي  ) 0.002(مگاپاسکال، در صورتی که میزان کرنش ایجاد شده  20در تنش 
 -الف. ثانیه انجام شده باشد 35درجه سانتی گراد در زمان  250ثانیه ایجاد شده باشد و همین میزان کرنش در دماي  100در زمان 

ثانیه برسد چه راه حلی را  1000درصورتی که بخواهید این زمان به  -مطلوبست محاسبه میزان انرژي فعالسازي این آلیاژ ب
)از نظر متالورژیکی و از نظر شرایط تست آزمون( پیشنهاد می دهید 

Q= 8.314 (ln 100/35)[(523*473)-(523-473)
Q=47.309 Kj/mol

If stress= cte











کدامیک . بر سانتی متر مربع باشد )erg(ارگ  200و  100به ترتیب   Bو Aدرصورتی که میزان انرژي نقض انباشتگی براي دو آلیاژ 

از آلیاژهاي ذیل را در شرایط خزشی انتخاب می کنید؟ قانون خزشی براي این آلیاژها از کدام قانون پیروي می کند؟ 


