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Abstract   
This work contrasts ultrafine bainite and tempered 

martensite in a low-alloy medium-carbon spring steel by 

probing strain partitioning at the microscale. In situ 

tensile tests in a scanning electron microscope, combined 

with digital image correlation, are used to measure local 

strain fields. Ultrafine bainite exhibits more homogeneous 

deformation and higher work-hardening capacity, 

whereas tempered martensite shows early localization. 

The findings are interpreted relative to comparative 

studies of hardening methods, highlighting conditions 

where bainitic structures can replace martensitic ones in 

spring applications without compromising strength. 

 

References   
   

1. Avrami, M. 1940. “Kinetics of Phase Change. 

II.” Journal of Chemical Physics 8 (2): 212–24. 

2. Bhadeshia, H. K. D. H. 2015. Bainite in Steels: 

Theory and Practice. 3rd ed. London: Maney. 

3. Elwazri, A. M., S. Yue, and J. J. Jonas. 2005. 

“Effect of Microstructure on the Mechanical 

Properties of High-Strength Bainitic Steels.” 

Metallurgical and Materials Transactions A 36 

(2): 365–72. 

4. Furnémont, Q., F. Delaire, T. Jacques, and N. 

Akdut. 2002. “On the Stability of Retained 

Austenite in TRIP-Assisted Multiphase Steels.” 

Materials Science Forum 394–395: 479–84. 

5. Ghosh, C., and S. Chatterjee. 2013. 

“Development of Ultrafine Bainitic Steels for 

Engineering Applications.” Materials Science 

and Technology 29 (5): 515–30. 

6. Hillert, M. 2008. Phase Equilibria, Phase 

Diagrams and Phase Transformations. 

Cambridge: Cambridge University Press. 

7. Krauss, G. 2005. Steels: Processing, Structure, 

and Performance. Materials Park, OH: ASM 

International.  

8. Krauss, G. 2005. Steels: Processing, 

Structure, and Performance. Materials Park, 

OH: ASM International.  

9. Sugimoto, K., T. Iida, J. Sakaguchi, and S. 

Hashimoto. 2000. “Ductility and Strain-

Induced Transformation in a High-Strength 

Low-Alloy TRIP-Aided Sheet Steel.” 

Metallurgical and Materials Transactions A 

31 (1): 173–79. 

10. Mehta, Darshan Bhavesh, S. S. Sharma, B. 

M. Gurumurthy, S. Kishan Bairy, Eril Joy 

Dsouza, and Antony Prajwal Mendonca. 

"Characteristic study and comparison of 

different hardening methods on low-alloy 

medium-carbon spring steel." International 

Journal of Applied Engineering Research 11, 

no. 2 (2016): 1542-1547. 

11. Tasan, C. C., M. Diehl, D. Yan, N. Zambaldi, 

J. Roters, D. Raabe, and R. Pippan. 2014. 

“Integrated Experimental–Simulation 

Analysis of Stress and Strain Partitioning in 

Multiphase Alloys.” Acta Materialia 81: 

386–400. 

 


	Abstract
	This work contrasts ultrafine bainite and tempered martensite in a low-alloy medium-carbon spring steel by probing strain partitioning at the microscale. In situ tensile tests in a scanning electron microscope, combined with digital image correlation,...

