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Introduction 

Creep is the time-dependent deformation of a material under constant load at high 

temperatures. It is a critical factor in the design of engineering components exposed to 

elevated service temperatures and static mechanical stresses. 

 

Time-Dependent Deformation 

• When a material is loaded below its yield strength and stress is kept constant over 

time, strain may increase at high temperatures (creep). 

• At low temperatures, strain remains constant with time (no creep). 

 

 

Figure: Stress-Strain-Time Relationship 



  

Creep Failures 

Creep failures are commonly observed in: 

• Rocket engines and motor nozzles 

• Turbine rotors of jet engines 

• Steam generators and pipelines 

• Nuclear power plants 

• Gas turbine engines (800-1000 °C) 

 

Figures: Creep Rupture and Cracks 

 

 

Temperature for Creep 

• Creep becomes significant at temperatures greater than 40% of the melting 

temperature (in Kelvin). 



  

 

• Example: Iron (Tm = 1812 K) → creep above 451 °C. 

• Example: Solder (Pb-Sn alloy, Tm = 456 K) → creep even at room temperature. 

Figures: Temperature vs. Creep Behavior 

 

High-Temperature Effects 

 

 



  

Different tests may be required to evaluate high temperature properties. These 

might include the following:- 

(i) High Temperature Tensile Test: Similar to a short term room temperature test, i.e 

completed in a few minutes and producing stress versus strain curves at specific 

temperatures. Provides useful data for short term applications such as rocket parts. 

(ii) Creep Test: Measures dimensional changes accurately at constant high temperature 

and constant load or stress. Useful for long term applications which are strain limited, 

such as turbine blades. 

(iii) Stress Rupture Test (Creep rupture test): Measures time to failure at specified 

stress and temperature. It is carried out at a constant load. Useful for applications where 

some strain can be tolerated but failure must be avoided, such as large furnace housings. 

 

Creep Curve 

Stages of creep under constant stress: 

1. Primary Creep: Decreasing creep rate due to strain hardening. 

2. Secondary Creep: Constant creep rate (steady-state). 

3. Tertiary Creep: Increasing creep rate until rupture. 



  

 

Figure: Typical Creep Curve 

 

 

 

 



  

 

 

 

  



  

 

Q, the activation energy, is expressed as energy (joules per atom). If Q is expressed per 

mole, or atom gram, then R (the gas constant) should be used instead of k (Boltzmann’s 

constant). The value of R is 8.314 J/(mol K). Table 1 presents estimated values for the 

parameters of the three equations (4, 5, 6) for a number of engineering alloys. 



  

 

 

 

 



  

Creep is the tendency of a solid material to slowly deform permanently under the 

influence of stresses. It occurs as a result of long term exposure to levels of stress that 

are below the yield strength of the material.  Creep is more severe in materials that are 

subjected to heat for long periods, and near the melting point. Creep always increases 

with temperature. The rate of this deformation is a function of the material properties, 

exposure time, exposure temperature and the applied load. Depending on the magnitude 

of the applied stress and its duration, the deformation may become so large that a 

component can no longer perform its function — for example creep of a turbine blade will 

cause the blade to contact the casing, resulting in the failure of the blade. 

Creep deformation does not occur suddenly upon the application of stress. Instead, strain 

accumulates as a result of long-term stress. Creep deformation is "timedependent" 

deformation.  

The temperature range in which creep deformation may occur differs in various materials, 

it may occur at high or may at low temperature. For a high melting point metal like 

tungsten, temperatures above 15670C would be needed to produce creep, so tungsten 

light bulb filaments operate at over 20000C and do in fact creep under their own weight, 

with a creep life to rupture of about 1000 hours. For a low melting point metal like lead, 

creep becomes significant at about 270C. This may cause lead plates to creep in a 

battery. The terms 'high' and 'low' temperature in this context are relative to the absolute 

melting temperature of the metal. At homologous temperatures ( ratio of operating 

temperature to melting temperature) of more than 0.5, creep is of engineering 

significance. 

 

Structural changes during creep: A curve of creep rate vs. total strain shows the large 

change in creep rate during the creep test. Since the stress and temperature are constant, 

this variation in creep rate is the result of changes in the internal structure of the material 

with creep strain and time. The principal deformation process at elevated temperature are 

slip, sub-grain formation, and grain boundary sliding. 



  

 

Mechanisms of Creep in metals: There are three basic mechanisms that can 

contribute to creep in metals, namely: (i) Dislocation slip and climb. (ii) Grain boundary 

sliding. (iii) Diffusional flow. 


