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استحكام در دماي پايين و تست كشش
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آزمون كشش در دماي محيط
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آزمون كشش در دماي محيط
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آزمون كشش در دماي محيط
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آزمون كشش در دماي محيط
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ي كرنش مهندس-نمودار تنش
كرنش واقعي -و تنش

Ϭ=S(1+e)
ϵ=ln(1+e)
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تاثير دما بر رفتار ماده درآزمون كشش
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تاثير دما بر رفتار ماده درآزمون كشش
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شيرفتار متفاوت مواد در برابر يك نيروي كش
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شيرفتار متفاوت مواد در برابر يك نيروي كش
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شيرفتار متفاوت مواد در برابر يك نيروي كش
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تغيير شكل در مواد
تغيير شكل مستقل از زمان -١

)Plastic(تغيير شكل دائم -

)Elastic(تغييرشكل موقت -

تغييرشكل وابسته به زمان -٢

)Creep(تغيير شكل دائم - -

)Inelastic(تغييرشكل موقت -
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كاربرد خزش
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High temperature affects these parameters:

• Oxidation: environment + metal
• Slip system
• Phase transformation
• Vibration of atoms (bond energy and elastic modulus
• Climb of dislocation
• Diffusion (Xv)
• Grain growth
• Over aging
• Shear of precipitated particles
• Solving the precipitated particles in the matrix
• Thermal expansion

All resulted in decreased in strength
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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.
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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.

Ideal creep curve
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خزش
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Stress rate-strain rate 
effect
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Temperature
effect
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€=f (T, SIGMA, t)
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Example of an Ashby deformation mechanism map 
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10^(-2) < σ/G < 10^(-4)
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Coble creep mechanism
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.

This mechanism is particularly significant in fine-grained materials and at intermediate to
high temperatures

0.5 Tm<T<0.8 Tm
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Coble creepmechanism
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Coble mechanism

D , σ, T
g

The Boltzmann constant
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• Under an applied stress, atoms migrate from grain boundaries
experiencing compressive stress to those experiencing tensile stress.

• Grain boundaries have a more disordered atomic structure
compared to the crystalline lattice, making them high-diffusivity
pathways. 55



Nabarro-Herring Creep Mechanism
Nabarro-Herring creep is a diffusion-controlled creep
mechanism that occurs in crystalline materials at very high
temperatures. It is characterized by the diffusion of atoms through
the crystal lattice (bulk diffusion) under an applied stress. This
mechanism is particularly significant in coarse-grained materials and
at temperatures close to the melting point.
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Nabarro and Herring mechanism
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Nabarro and Herring mechanism
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Nabarro-Herring Creep vs. Coble Creep
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is a low-stress, high-temperature creep mechanism observed in certain crystalline materials, particularly in
high-purity metals like aluminum.
It was first identified by Harper and Dorn in 1957 during experiments on pure aluminum at temperatures close

to its melting point and under very low stresses.
This mechanism is characterized by a stress exponent of approximately 1, indicating a linear relationship
between the applied stress and the strain rate, which distinguishes it from other creep mechanisms like power-
law creep.
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3.3 mm grain size
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Harper-Dorn creep

Harper-Dorn creep often exhibits a primary creep stage, where the strain rate decreases over time
before reaching a steady state. This is attributed to the gradual stabilization of the dislocation
network.
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The dislocation density in Harper-Dorn creep
remains constant and independent of the
applied stress. This is a unique feature that
differentiates it from other creep mechanisms,
where dislocation density typically increases
with stress.
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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
strain rate of 10−3 -10−5 s−1
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One of the processes to accommodate grain-boundary strain
at elevated temperature is grain-boundary migration.
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دماي   ر درنسبت به يكديگ  دانه ها  يكي از مكانيزم هاي تغييرشكل مواد در اثر حركت  لغزش مرزدانه اي
-سيتة ريزاين مكانيزم نقش عمده اي در خزش و سوپرپلاستي. پايين است  كرنش بالا و سرعت  همولوگ

.ساختار دارد
ش شبكة مرزدانه اي در فرآيندهايي از قبيل مهاجرت مرزدانه، مهاجرت فصل مشترك سه تايي، چرخ

 دانه ها و فعاليت نابجايي در خود مرزدانه يا به كمك نابجايي هاي شبكه به لغزش مرزدانه نياز
نه در اثر لغزش و صعود آنها در اطراف مرزدا  نابجايي ها  مكانيزم اصلي لغزش مرزدانه اي حركت  .دارد

.هاست
.درصد مي شود ٥٠ميزان لغزش مرزدانه اي وابسته به تنش و نوع ماده موجب ايجاد كرنش صفر تا 

 با ايجاد رسوب و فاز هاي سخت مثل انواع كاربيدها در مرز سه دانه و موجي كردن مرزدانه مي توان
.جلوي اين مكانيزم را گرفت
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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
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Grain-boundary sliding 
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Grain-boundary sliding 
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 وجود دليل هب . كنند مي پيدا نرم حالت و كرده شدن ذوب به شروع دانه هاي مرز ، دما افزايش با . اند مستحكم دانه مرزهاي پايين دماهاي در

 ريستاليك ساختار در شكل تغيير موجب و لغزند مي هم كنار در دانه هاي مرز ، دانه هاي مرز شدن نرم و جسم روي بر اعمالي برشي تنش

 .گردند مي ماده
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تاثير درجه خلوص

تاثير سرعت كرنش
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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 ,leading to specimen failure.

Grains

Wedge crack due to 
grain boundary sliding

86



87



the temperature decreases below roughly  0.5–0.6 Tm

Between this two laws:
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Polycrystal Single crystal

T decrease

89



Modulus of 
rigidity or shear 
modulus

Modulus of elasticity or 
Young’s modulus
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كداميك . بر سانتي متر مربع باشد )erg(ارگ  ٢٠٠و  ١٠٠به ترتيب   Bو Aدرصورتي كه ميزان انرژي نقض انباشتگي براي دو آلياژ 

از آلياژهاي ذيل را در شرايط خزشي انتخاب مي كنيد؟ قانون خزشي براي اين آلياژها از كدام قانون پيروي مي كند؟ 
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The 3-power law viscous glide creep describes a creep mechanism where dislocations move under the
influence of an external stress but are hindered by a viscous drag force.

Nickel-based superalloys are widely used in turbine blades for jet engines and power plants due to their
high-temperature strength and creep resistance.
At moderate stress and high temperatures (600–900°C), 3-power law viscous glide creep is often
observed before power-law creep (dislocation climb) dominates at even higher stresses.

Temperature: 0.4−0.6 𝑇𝑚
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Three-Power-Law mechanism

Cottrell–Jaswon eq.
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Solute drag creep
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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
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Both Friedel cutting and Orowan bypassing describe how dislocations overcome
obstacles in a material, playing a crucial role in dislocation motion, strengthening
mechanisms, and creep behavior.

Friedel cutting or Orowan by passing
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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.
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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 involve particle 
cutting.
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 در شبكه مترپارا اختلاف داراي مثال بهطور - باشد مشابه كريستالي شبكه داراي زمينه و رسوبي ذرات كه وقتي

  .كنند عبور رسوب سطح روي از ميتوانندنابجاييها و بوده سيما هم زمينه با رسوب حالت اين در -درصد ٠/٢ حدود

 راتذ اندازه اگر .دارد حالت دو رسوب با نابجايي رفتار صورت اين در نباشد سيما هم زمينه با رسوب اگر اما

.ميزند دور را رسوب نابجايي باشد بزرگ اگر و برش صورت به نابجايي باشد كوچك

 سعي ابجايين و ميافتد اتفاق كمتر كه ميدهد رخ بيشتري انرژي با آنها برش امكان باشد درشت رسوب زماني كه

.كند عبور ذره از اروان حلقههاي تشكيل و زدن دور با مي كند
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↑ High
│
│
│        Power-law creep

Stress  │        (Dislocation climb, n ≈ 4-5)
│
│
│       3-Power Law Viscous Glide Creep
│       (Dislocation glide with drag, n ≈ 3)
│
│
│–––––––––– Grain Boundary Sliding (n ≈ 2-3) ––––––––––
│
│
│ Diffusion Creep (Nabarro-Herring, Coble, n ≈ 1-2)
│
│–––––––––––––––––––––––––––––––––––––––––––––––

––––––––
│                   Temperature → High
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t total= t1=t2=t3

ϵ total= ϵ 1+ ϵ 2+ ϵ3
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Fig. 2. (a) Wedge (or w-type) crack formed at the triple 
junctions in association with grain boundary sliding; (b) 
illustrates a wedge crack as an accumulation of spherical 
cavities.
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عوامل موثر بر نوع شكست
دما -١
تنش -٢
)مرزدانه هاي سه تايي(كار سرد  -٣
تبلور مجدد -٤
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Cavitation (r-type) or voids
w or Wedge-type cracking
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Modes of high-temperature failure

Rupture Transcrystalline
Creep fracture 

Inter-crystalline
Creep fracture 
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ductile و rupture هاي حالت شباهت و تفاوت

١- rupture حالت از تر پايين تنش و بالا دماهاي در ductile افتد مي اتفاق.

.افتد نمي اتفاق ductileدر كه صورتي در داريم ديناميكي بازيابي rupture در -٢

.كنند تجربه را necking پديده توانند مي دو هر -١

.شوند محسوب نرم شكست جز توانند مي دو هر -٢
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𝜀ȉ =
𝑑𝜀

𝑑𝑡
= 𝐴𝑒𝑥𝑝 −

𝑄

𝑅𝑇
𝜎௡ = 𝐴∗

𝜀ȉ 𝑑𝑡=𝐴∗

𝜀ȉ𝑡=MGP
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RT)
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Master plot for Larson–Miller parameter for S-590 alloy (an 
Fe-based alloy) (C = 17).

Larson-Miller Parameter
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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
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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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High
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Dynamic recrystallization
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Impression creep

where a small cylindrical or spherical indenter is pressed into the surface of a material
under a constant load and temperature. Instead of stretching the entire material like in
traditional creep tests, this method measures how much the indenter sinks into the
material over time.
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Impression creep
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Stress Relaxation

Stress relaxation in creep refers to the gradual decrease in 
stress under a condition of constant strain over time due to 
viscous (time-dependent) deformation in a material.
Here’s how it works in context.

During a creep test, if the material is loaded and held at a fixed 
displacement (constant strain), the internal stress decreases
over time as the material relaxes. This happens because the 
material undergoes microstructural changes (e.g., dislocation 
motion, diffusion) that allow it to carry the load with less 
internal resistance.
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How Stress Relaxation Affects Creep Behavior

1. Delays Material Failure
•When stress relaxes, it reduces the internal forces acting on a material.
•This can slow down the creep rate, especially in the secondary creep stage (steady-state).
•Helps avoid premature rupture or deformation.

2. Reduces Localized Stresses

3. Influences Design Life
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Resistance to Creep

 Solid solution hardening

 Precipitate hardening

 Microstructure
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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
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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.
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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. 
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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.
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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.
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-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.
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Examples of

such alloys are

Hastelloy,

Inconel,

Waspaloy,

Rene alloys, I

ncoloy, MP98T,

TMS alloys, and

CMSX single

crystal alloys.
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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.
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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
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