Appendix-A
Development and Evaluation of a Tapered Tensile Geometry for Constitutive Characterization of Gleeble-Processed Materials in Uniaxial Tension
The temperature gradient along the length of the Gleeble test specimen produces an unavoidable variation in the mechanical properties as reflected by the hardness plots shown in Figure 5. The extraction of sub-sized ASTM E8 tensile coupons having a uniform gauge width from the Gleeble processed specimens resulted in to premature localization in the softer region for the IC Q&P condition, leading to significant underprediction of tensile stresses (see Figure A1). A scaled-down version of the sub-sized specimen with a taper in the gage section was required to promote necking at the specimen center, corresponding to the location at which the temperature was controlled. However, the addition of a taper can result in an underestimation of uniform elongation and lead to higher stress measurements. To determine the influence of the taper, a numerical study was conducted to compare the yield strength, ultimate tensile strength, uniform, and total elongations from the tapered tensile specimen against the baseline ASTM E8 sub-sized geometry.
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[bookmark: _Ref153815156]Figure A1(a) Engineering stress-strain curve of 3G-980 steel subjected to IC Q&P heat treatment obtained from sub-sized ASTM E8 and tapered tensile tests, and DIC strain contours showing localization in a representative repeat of (b) ASTM E8 and (c) tapered tensile specimens.
Finite-element models using the full-scale geometries were created in LS-DYNA for a 1.5 mm thick steel sheet. The reader is referred to Figure 1(a) and Figure 6(a) for dimensions of the tensile specimens. The gauge region was meshed using hexahedral elements having a size of 0.1 x 0.1 x 0.1 mm3. A fully integrated selectively reduced element formulation was used (element type -1 in LS-DYNA) with hourglass control using the formulation of Puso [44] and a coefficient of 0.10. Finally, a velocity was prescribed to the nodes on one end of the grip section, while the opposite end was kept fixed, to impose a strain rate of 0.001 s-1, thereby mimicking the experimental conditions. 
The material was modelling using a Mises yield assumption, along with Swift’s power-law hardening, given by

 ,                                                           (A1)
where K and n are the coefficients of the hardening model, and εp is the equivalent plastic strain. Three different combinations of the coefficients K and n (given in Table A.1) were chosen since the Gleeble processing of the 3G-980 steel can produce a range of microstructures with varying properties.  
The engineering stress-strain response from the simulations conducted using the two geometries are depicted in Figure A2 for the three hardening exponents. An extensometer length of 9.0 mm was chosen for the tapered tensile specimen to approximately match the total elongation from the sub-sized ASTM E8 coupon, which uses an extensometer length of 25.0 mm. Since no fracture criterion was included in the models, the simulations were terminated after a force reduction of 10% after the peak load is reached. Overall, the tapered tensile geometry was able to replicate the engineering stress response of the ASTM E8 specimen reasonably well. Differences can be observed after the UTS that is attributed to different cross-sectional aspect ratios that may influence the rate of localization and the necking mode. 
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Figure A2 Predicted engineering stress-strain response from sub-sized ASTM E8 and tapered tensile simulations for (a) n=0.05, (b) n=0.15, and (c) n=0.25
The tensile properties from the coupon simulations are summarized in Table A.1. The YS and UTS predicted by the tapered tensile specimen are in excellent agreement with maximum deviation of up to 0.8%, relative to the ASTM E8 specimen. The uniform and total elongations of the tapered tensile geometry show maximum absolute differences of 1.6% and 1.9% engineering strain, respectively, with respect to the sub-sized ASTM E8 simulations.  
[bookmark: _Ref128558810]Table A.1 Predicted mechanical properties from finite-element simulations of the two tensile geometries
	Tensile Geometry
	Hardening Coefficient (MPa)
	Hardening Exponent
	0.2% Yield Strength (MPa)
	Ultimate Tensile Strength (MPa)
	Uniform Elongation (%)
	Total Elongation (%)

	ASTM E8
	K=1800
	n=0.05
	1355.0
	1471.1
	5.6
	9.7

	Tapered Tensile
	
	
	1357.0
	1475.1
	5.1
	11.6

	ASTM E8
	K=1500
	n=0.15
	647.0
	970.2
	16.3
	21.9

	Tapered Tensile
	
	
	649.0
	972.0
	15.2
	23.6

	ASTM E8
	K=500
	n=0.25
	126.0
	275.7
	27.5
	35.0

	Tapered Tensile
	
	
	127.0
	276.3
	25.9
	36.4
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