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A strain hardening capability parameter for ferrite-based multiphase steels: A
microstructure-sensitive descriptor of tensile hardening behavior
Abstract

Strain hardening plays a critical role in controlling the tensile stability, uniform elongation, and
formability of advanced steels. However, in ferrite-based multiphase steels, where deformation is
governed by phase interaction, strain partitioning, and evolving internal stresses, the conventional
Hollomon strain hardening exponent (n) often provides only a limited description of hardening



behavior because of its sensitivity to the selected fitting interval and its inability to represent the
full hardening evolution. In the present study, a new parameter, termed the strain hardening
capability parameter (SHCP), is introduced to provide a more comprehensive and physically
meaningful characterization of tensile strain hardening in heterogeneous ferrite-based steels. A
series of microstructures with different combinations of ferrite, cementite, and martensite were
produced through controlled thermomechanical processing and subsequent intercritical treatment.
Their microstructural features were characterized and correlated with tensile response under
uniaxial loading. The SHCP was defined on the basis of the normalized hardening response over
the uniform plastic deformation regime, thereby integrating the overall hardening capability of the
material rather than representing it through a single fitting-dependent exponent. The results
demonstrate that SHCP is highly sensitive to microstructural constitutionand effectively
distinguishes steels with different hard-phase fractions and deformation responses: In contrast to
the conventional n-value, SHCP provides a more robust measure of the ability of multiphase steels
to sustain hardening prior to necking. The proposed parameter therefore®offers a physically
interpretable and microstructure-sensitive framework for evaluating strain hardening behavior and
for comparing the tensile performance of ferrite-based multiphase steels.

Keywords: Strain hardening capability. parameter; Ferrite-based multiphase steels; Work
hardening; Tensile behavior; Microstructural heterogeneity; Hollomon exponent.
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(English Equivalent) oSl fale
Retained Austenite

Austenitizing (Austenitization)
Quantitative Image Analysis

Intercritical Annealing / Intercritical Treatment
Etching / LePera Etching

Strength

Ultimate Tensile Strength (UTS)

Picric Acid

Uniform Elongation

Metallographic Preparation

Effective Load Transfer

Uniaxial Tensile Test

Internal Stress Redistribution

Hardening Efficiency

Fitting Range / Selected Fitting Range
Strain Range

Uniform Plastic Range

Phase Interactions

Polynomial Function

Microstructural Constitution

Chemical Composition

Mechanical Contrast

Strength-Ductility Evolution

Cumulative Evolution of Strain Hardening
Dislocation Multiplication

Strain Localization (Strain Concentration)
Tempering

Back Stress

True Stress
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True Stress at the Onset of Plastic Instability
Internal Stress

Flow Stress

Engineering Stress

Hollomon Strain Hardening Exponent
Phase Distribution

Uniform Distribution

Plastic Deformation

Uniform Plastic Deformation
Deformation Heterogeneity

Stress Partitioning

Strain Partitioning

Martensite Islands

Stable Plastic Flow

Proposed Framework

Multiphase

Microstructure-Sensitive

Tensile Properties

Weight Percent (wt.%)

Universal Testing Machine

Ambient Temperature (Room Temperature)
Fine Cementite Particles

Dispersed Cementite Particles
Dislocation Storage (Accumulation)
Tensile Strain Hardening Behavior
Tensile Behavior

Monotonic Trend

Microstructure / Microstructural Features
Heterogeneous Steel Microstructures
Holding Time (Soaking Time)
Ferritic Matrix

Back-Stress Hardening
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Cementite
Grinding

Plastic Flow
Formability
Tensile Ductility
Local Slope
Gauge Length

Thermo-Mechanically Controlled Processing
(TMCP)
Tensile Performance

Secondary Phase (Second Phase)

Hard Phase

Constituent Phases

Martensitic Transformation

Ferrite

Low-Carbon Steel

Advanced High-Strength Steels (AHSS)
Ferrite-Based Multiphase Steels
Dual-Phase (DP) Steels

Strain Hardening Capability'/ Effective Strain
Hardening Capability
Strain Hardening Capability Parameter (SHCP)

Deformation Response

Instantaneous Hardening Response
Normalized Strain Hardening Response
Tensile Response

Tensile Stability

Strain Accommodation

Polishing

Carbide / Carbide-Containing Constituents
Work Hardening (Strain Hardening)
Relative Strain Hardening

True Strain
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Uniform True Strain / True Uniform Strain
Engineering Strain

Volume Fraction / Phase Fraction
Martensite Volume Fraction
Quantification

Quenching

Necking (Onset of Necking)

Onset of Instability

Martensite

Aqueous Solution

Phase Boundaries (Interphase Boundaries)
Consideére Criterion

Crash-Resistant (Crashworthy)

Physically Meaningful Comparison
Plastic Relaxation Mechanisms
Morphology

Average Hardening Capability

Optical Microscopy (OM)

Statistically Stored Dislocations (SSDs)

Geometrically Necessary Dislocations (GNDs)

Plastic Instability

Deformation Incompatibility / Mechanical
Incompatibility

Heterogeneous / Microstructural Heterogeneity

Strain Hardening Rate / Relative Strain Hardening

Rate
Strain Rate

Clemex Software (Clemex Vision)
Normalization

Discrete Data Points

Yield Point

Cold Rolling
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