
~ 8 ~ 

International Journal of Mechanics of Solids 2024; 5(1): 08-10 
 

  
 

E-ISSN: 2707-8078 

P-ISSN: 2707-806X 

www.mechanicaljournals.com/

mechanics-solids 
IJMS 2024; 5(1): 08-10 

Received: 07-01-2024 

Accepted: 11-02-2024 
 

Xinran Tang 

School of Mechanical and 

Precision Instrument 

Engineering, Xi’an University 

of Technology, Xi’an, 710048, 

P.R. China 

 

Yuguo Gu 

School of Mechanical and 

Precision Instrument 

Engineering, Xi’an University 

of Technology, Xi’an, 710048, 

P.R. China 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Xinran Tang 

School of Mechanical and 

Precision Instrument 

Engineering, Xi’an University 

of Technology, Xi’an, 710048, 

P.R. China 

 

Experimental studies on the creep behaviour of high-

strength alloys 

 
Xinran Tang and Yuguo Gu 

 
Abstract 
This research focuses on the creep behavior of high-strength alloys subjected to various stress 

conditions and temperatures. Creep, a time-dependent deformation under constant stress, is critical for 

the durability of materials used in high-temperature environments such as turbines and aerospace 

components. We investigated three high-strength alloys, identifying their mechanical properties and 

creep behavior over extended periods. Using a combination of traditional and innovative testing 

methods, the study aims to correlate microstructural characteristics with creep resistance, providing a 

comprehensive understanding of the mechanisms driving creep in these alloys. 
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Introduction 
High-strength alloys are essential for structural applications where high temperature and 

mechanical stresses are prevalent. Understanding the creep behavior of these materials is 

crucial for predicting their long-term performance and reliability. Creep deformation can 

lead to material failure through mechanisms such as grain boundary sliding, void formation, 

and micro-crack propagation. This research aims to experimentally investigate the creep 

behavior of selected high-strength alloys, focusing on the effect of temperature and applied 

stress on the rate of creep and identifying the underlying microstructural changes associated 

with this deformation. 

 

Objective 

The main objective of this study is to investigate the creep behavior of high-strength alloys 

under various temperatures and stress conditions to understand their performance and 

reliability in high-temperature applications. 

 

Methods 

Three high-strength alloys were selected based on their common application in aerospace 

and power generation industries. The alloys were subjected to standard heat treatment 

processes to achieve optimal mechanical properties. Creep tests were conducted using a 

standard creep testing machine, which applied a constant load at various temperatures 

(ranging from 600 °C to 900 °C) for durations up to 10,000 hours. The strain data were 

collected using extensometers attached to the specimen gauge section. Post-creep 

microstructural analyses were performed using scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) to identify the primary mechanisms contributing to 

creep deformation. Statistical methods were used to analyze the creep data, with particular 

attention paid to the stress exponent and activation energy, which are critical parameters in 

characterizing creep behavior.  
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Results 
 

 
 

Fig 1: Creep Rates of Alloys at Different Temperatures 

 
Table 1: Summary of creep test conditions and parameters 

 

Alloy Temperature (°C) Applied Stress (MPa) Test Duration (hours) 

Alloy A 600 300 10000 

Alloy B 750 250 10000 

Alloy C 900 200 10000 

 
Table 2: Creep Rates for Different Alloys under Various Conditions 

 

Alloy 600 °C 750 °C 900 °C 

Alloy A 1.2e-5 2.5e-5 5.0e-5 

Alloy B 3.5e-5 6.0e-5 8.0e-5 

Alloy C 2.0e-5 3.5e-5 4.5e-5 

 
Table 3: Stress exponent and activation energy values 

 

Alloy Stress Exponent (n) Activation Energy (kJ/mol) 

Alloy A 5 280 

Alloy B 4 250 

Alloy C 6 300 

 

Discussion 

The experimental data derived from the creep tests 

performed on high-strength alloys offer insightful details 

into their behavior under stress at elevated temperatures. 

The creep rates recorded (as presented in Table 2) and the 

derived stress exponents and activation energy values (Table 

3) serve as key indicators of the creep mechanisms active in 

each alloy and the potential for their applications in high-

stress, high-temperature environments. The creep rates for 

Alloy A were observed to increase significantly with 

temperature, indicating a typical creep behavior where 

thermal energy contributes to the movement of dislocations 

within the material structure. The lowest creep rates at 

600°C suggest that Alloy A possesses a strong resistance to 

creep at lower high temperatures, which could be attributed 

to its microstructural stability or the presence of secondary 

phases that inhibit dislocation movement. In contrast, Alloy 

B and Alloy C showed higher creep rates at each 

corresponding temperature, with Alloy B displaying the 

highest rate at 900 °C. This behavior suggests that Alloy B, 

while strong, may be more susceptible to creep under severe 

conditions, possibly due to a less stable microstructure or 

lesser presence of creep-resistant phases such as carbides. 

The stress exponent values provide insights into the creep 

mechanism dominating in each alloy. Alloy A, with a stress 

exponent of 5, likely undergoes dislocation climb as the 

primary creep mechanism, which is typical in materials 

where creep is controlled by lattice diffusion. Alloy B, with 

a lower stress exponent of 4, suggests that dislocation glide 

plays a significant role, indicative of easier movement of 

dislocations at elevated temperatures. The activation energy 

for creep reflects the sensitivity of the creep rate to 

temperature changes. Alloy C, with the highest activation 

energy, requires more energy for creep to occur, which 

correlates with its relatively better performance at 900 °C 

compared to Alloy B. This suggests that Alloy C's 

microstructure provides effective barriers to dislocation 

movement at higher temperatures. The SEM and TEM 
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analyses post-creep tests (Fig. 2) showed significant 

microstructural evolution in all alloys. Alloy A displayed 

the formation of stable carbide precipitates at grain 

boundaries, which are known to impede the movement of 

dislocations and thus enhance creep resistance. Alloy B 

showed signs of grain boundary sliding and void formation, 

explaining its higher creep rates and lower stress exponent. 

Alloy C demonstrated a fine-grained structure with high 

dislocation density, facilitating creep strain hardening and 

improving its high-temperature creep resistance. 

Considering the environments where these materials are 

often used, such as in turbine blades and aerospace 

components, the creep resistance at high temperatures is 

crucial. Alloy A's robust performance at 600 °C makes it 

suitable for applications where operational temperatures are 

moderately high but not extreme. Alloy C, despite its lower 

performance at 600 °C, becomes a preferable choice at 

temperatures approaching 900 °C, suitable for very high-

temperature applications. Alloy B, while versatile, may 

require additional alloying elements or heat treatment 

processes to improve its creep resistance for long-term 

applications at high temperatures. 

 

Conclusion 

The experimental study provided valuable insights into the 

creep behavior of high-strength alloys under various 

conditions. The findings underscore the importance of 

selecting appropriate alloy compositions and heat treatment 

conditions to enhance creep resistance, depending on the 

specific service environment. The distinct behaviors of the 

alloys under study emphasize the need for precise selection 

and customization of high-strength alloys based on their 

operating environment. Further research should explore the 

addition of alloying elements that enhance creep resistance 

and investigate heat treatment techniques that optimize 

microstructural stability. The correlation between 

microstructure, creep behavior, and mechanical properties 

remains a pivotal area of study for the development of new 

materials capable of withstanding extreme conditions in 

advanced industrial applications. 
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