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A B S T R A C T   

This study investigates the influence of geometrical notches on the local (true) stress-strain curves, deformations, 
and strain hardening behavior of maraging tool steel 18Ni300 processed via the laser powder-bed fusion method 
as an additive manufacturing approach. For this purpose, five types of specimens with different notch designs 
were manufactured; these samples were considered to study the effects of the notch stress concentration factor 
and the notch position on the material’s mechanical response against the applied external load. Accordingly, 
using the digital image correlation technique, true stress-logarithmic strain curves were plotted and compared for 
various points in the vicinities of the notches while the specimens were subjected to quasi-static tensile loads. 
Further, the strain (work) hardening behavior of the material at each point was then evaluated and compared 
with other points by plotting their strain hardening diagrams from the first derivative of the stress-strain curves. 
The results showed that the strain hardening of the samples increased with the stress concentration factor (notch 
sharpness) while its ductility decreased accordingly. Furthermore, notch location and shape also showed 
determining roles in defining the material behavior. Ultimately, higher stress concentrations, internal posi
tioning, and less gradual changes in geometric features (C-shaped notches compared to V-shaped ones) can result 
in higher defect sensitivity, more decrease in ductility, and more likely catastrophic failures in metals processed 
by additive manufacturing.   

1. Introduction 

Additive manufacturing (AM) has evolved during the past decades 
from a prototyping technique used primarily in laboratories to a 
manufacturing method commonly used nowadays in industrial fabri
cation units. AM owes its transition to its unique advantages and capa
bilities from its additive approach over conventional and subtractive 
fabrication methods. Additionally, AM can now process a wide variety of 
materials, from biomaterials to ceramics, polymers, and metals. Further, 
specifically in the case of metals, AM techniques such as laser powder 
bed fusion (L-PBF) can manufacture fully dense near net shape metallic 
components. As a result, these metallic parts can sometimes be used 
directly in their as-built form, without any further post-processing 
required, in various applications; however, in other cases, they might 
require some minor post-manufacturing procedures (e.g., light 

machining, polishing, and heat treatment) to become ready to service 
industrial products. In conclusion, compared to traditional 
manufacturing, methods like L-PBF have the potential to be used as a 
single-step building process or at least be a more sustainable replace
ment with lower material waste and shorter supply chains for subtrac
tive manufacturing [1]. 

Design optimization and modification of metal parts are two other 
unique capabilities of AM, especially L-PBF, which are currently occa
sionally utilized in advanced high-performance metallic components 
used in critical applications such as aerospace, aeronautics, and auto
motive (e.g., Formula 1 cars) [2,3]. These components primarily utilize 
intricate internal and external geometric features to optimize perfor
mance while minimizing raw material consumption. This capability of 
L-PBF is of paramount importance as it can be utilized for components 
made of expensive metals (e.g., superalloys) used in harsh environments 
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(e.g., high temperatures or corrosive media); because it provides high 
strength-to-weight ratios and heat dissipation rates that are not possible 
with conventional manufacturing processes. However, such intricate 
geometries are typically accompanied by cross-sectional transitions, and 
these transitions, similar to notches, can act as stress risers and yield 
stress concentrations [4,5]. Furthermore, intense thermal gradients 
associated with additive manufacturing procedures such as L-PBF must 
be accounted for in addition to mentioned considerations. Metals 
exposed to such gradients can experience repetitive heating and cooling 
rates as high as 108 ◦K/s. Constant exposure to these rapid heating and 
cooling cycles can result in supersaturated or metastable microstruc
tures, residual stress, porosity, lack of fusion, and micro-cracks in metals 
processed via L-PBF compared to their conventionally manufactured 
counterparts [3,6]. The interactions between these inhomogeneities and 
geometrical transitions in additively manufactured metals can yield 
outcomes different from what is generally expected in traditionally 
fabricated metals. 

Accordingly, these issues are generally addressed in the newly 
developed and in-progress concept of “design for additive 
manufacturing” (DfAM) to avoid premature mechanical failures. How
ever, metals processed by AM are commonly accompanied by flaws 
inherent to this manufacturing technology, e.g., porosity, lack of fusion, 
relatively rough surface quality, and residual stress. In other words, 
these inhomogeneities are inevitable in AM metal components, and their 
influence on the stress flow throughout the component must be 
considered while examining the effect of geometrical notches. For 
example, porosities and lack of fusions can act as local stress risers inside 
AM metals, while surface protrusions and valleys can act as external 
micro notches. Further, residual stresses based on their nature can in
crease or decrease the overall stress flow inside the component and alter 
its service life; in addition, interlayer boundaries as potential weak links 
can yield catastrophic failures. Acknowledging these issues becomes 
even more critical than usual when these inherent internal and external 
inhomogeneities cannot be remedied via post-fabrication treatments 
such as machining, polishing, heat treating, and hot isostatic pressing 
due to, for example, lack of accessibility of critical areas or cost-related 
difficulties [3,7–9]. 

Consequently, in such cases, the dominant competing features that 
determine the failure of AM metals are sudden cross-sectional changes 
associated with geometrical complexities acting as macro notches, local 
stress risers inherent in AM (like porosities), and the rough (as-built) 
surface features acting as micro notches. Consequently, numerous 
studies have investigated the simultaneous effects and interactions of 
notches and inhomogeneities in AM metals using typical experimental 
approaches such as quasi-static tensile and fatigue tests. However, these 
experiments provide insights into overall material behavior throughout 
a gauge area considered in standardized sample designs (e.g., engi
neering stress-strain curves), while the local response of the material to 
external loads remains unknown. Understanding this issue is essential 
since characteristics such as strain hardening influence metals’ defect 
sensitivity, and an AM metal’s defect sensitivity can be different along a 
geometrical notch root compared to the rest of the metal component [4, 
10,11]. 

Traditional load or displacement measurement tools such as exten
someters and strain gauges are incapable of precise local measurements, 
and indeed they cannot provide simultaneous global and local (full- 
field) data during a mechanical test. However, newly developed in
spection methods such as the digital image correlation (DIC) technique 
have made it possible to locally investigate the mechanical behavior of 
materials via directly measuring global and local deformations as a full- 
field data set. This technique carries out the measurements by sequential 
image registration and tracking; then, DIC systems can determine ma
terial deformations locally under a specific mechanical load increment 
by comparing two sequential images taken before and after that incre
ment. Hence, thanks to DIC, it is now possible to calculate the true stress 
and logarithmic strain values of metal components beyond their necking 

limit. Consequently, it is also possible to locally study the hardening 
behavior of metals from point to point, e.g., along a notch root with 
significant stress concentration to the midplane of a bulk metal with 
plane stress condition [12,13]. 

Using traditional measurements, studies such as [14–18] investi
gated the effects of geometrical notches on the mechanical performance 
of AM metals. Further, studies such as [11,19–24], and [25] explored the 
simultaneous effects of geometrical (global) notches and flaws such as 
porosity, lack of fusion, and surface protrusions and valleys on the 
mechanical performance of AM metals. The mechanical performance in 
these studies was generally assessed in terms of engineering stress-strain 
curves and fatigue S–N diagrams. Following a similar route, the authors 
of the current work studied the simultaneous effects of various notches, 
AM inherent flaws, and external loads (notch-load-defect interactions) 
on the engineering stress-strain curve and fatigue life of 18Ni300 tool 
steel processed by L-PBF (hereafter abbreviated as L-PBF 18Ni300) [4]. 
However, the literature lacks research on the influence of such in
teractions on the local mechanical characteristics of metals and their 
hardening behavior, although such investigations are currently feasible 
thanks to techniques such as DIC, and their data can help researchers 
with making failure and fracture, e.g., finite element (FE), models more 
accurate. Consequently, the current study investigates the effects of 
notch-load-defect interactions on the mechanical behavior of 18Ni300 
tool steel and probes its hardening behavior on a local scale. Ultimately, 
the results and discussion provided here shed more light on why AM 
metals, like the subject of this research, exhibit different levels of notch 
sensitivity compared to their conventionally manufactured 
counterparts. 

2. Materials and methods 

Fresh gas-atomized powder of tool steel 18Ni300 from EOS GmbH 
with a chemical composition presented in Table 1 was used as the raw 
material in this research. The samples were fabricated using an EOS M 
290 machine equipped with a Yb-fibre laser with a 400 W maximum 
output; the utilized process parameters are presented in Table 2. Five 
different designs consisting of unnotched (UN), external sharp V-notch 
(ES), external blunt V-notch (EB), external blunt C-notch (EC), and in
ternal sharp V-notch (IS) were considered in this research to investigate 
the effects of the shape, location, dimensions, and stress concentration 
factor of the notches on the stress-strain fields around their roots. The 
dimensions and geometrical characteristics of the specimens are pre
sented in Fig. 1. All the samples were manufactured horizontally 
[building direction (BD) normal to the longitudinal axis] to avoid the 
occurrence of the staircase effect on the notch walls so that the me
chanical behavior of the specimens could solely be attributed to the 
notch-load-defect interactions. 

After AM of the specimens, their density was measured by the 
Archimedes method, and their defect distribution was analyzed using 
cross-sectional optical microscopy to ensure that the manufactured 
specimens were of acceptable quality; further information about the 
procedure is available in Ref. [4]. For the microstructural evaluations, 
10 × 10 × 5 mm3 cubic specimens were ground and polished sequen
tially with abrasive pads and then were etched for 10 s with Nithal. After 
etching, high-magnification images were taken from the microstructure 
using a SU3500 scanning electron microscope (SEM). Regarding the 
samples prepared for the mechanical testing, the surface quality of the 
notched areas remained in their as-built condition to include the effect 
of raw surface features acting as micro notches in the study. The surface 
roughness values were measured by a KEYENCE VR-3200 3D micro
scope. Quasi-static tensile tests were carried out using a Galdabini 
Quasar 600 to evaluate the mechanical performance of the studied 
material. The tests were performed at 20 ◦C, under the constant strain 
rate of 10− 3 s− 1, and were repeated once to ensure the reliability of the 
results. 

An ARAMIS DIC system was used in conjunction with the tensile test 
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apparatus to measure the local strain values and plot the true stress- 
logarithmic strain curves. The GOM Correlate software (version 2019 
Hotfix 7) calculated the true stress values via the Constant Volume 
approach by considering the actual true strain achieved from DIC, global 
external uniaxial load achieved from the load cell, and material conti
nuity as the boundary condition. A deformation 12 M sensor was cali
brated and used for the image recordings. For the calibration, the 
working distance, camera angle, and the distance between the cameras 
were 410 mm, 25◦, and 142 mm, respectively, resulting in a calibration 
deviation of 0.036 pixels. Finally, FE models were developed to calculate 

the stress concentration factors of the notches, denoted as Kt in Table 3. 
These linear simulations were carried out using the FFEPlus solver from 
Dassault Systèmes. Tetrahedron elements ranging from 0.1 mm for the 
notch roots to 0.5 mm for the bulk material were employed to mesh the 
models. The model scale and mesh growth ratio were 1:1 and 1.1, 
respectively. As the boundary conditions, the modeled samples were 
fixed at one end to resemble the fixed grip of the actual test apparatus, 
while an external tensile load of 2000 N was applied on the other end to 
act as the moving grip of the test machine during the elastic deformation 
of the material. Also, a mesh convergence study was performed prior to 
the FE analyses to ensure the reliability of the models. 

3. Results and discussion 

Density measurements and analysis of defect contents revealed the 
material to be ≈ 99.9% dense with a density of ≈8.1 g/cm3. Further, 
according to defect distribution data, most defects were of spheroidal 
nature (i.e., porosities) with a maximum diameter of ≈20 μm, uniform 
distributions, and no sign of clustering. Additionally, these sporadic 
porosities were accompanied by the rare presence of some lack of fu
sions, as marked by arrows in Fig. 2. By taking these results into account, 
the mechanical performance of the processed material was considered 
optimum in its as-built state, similar to specimens used in similar studies 
such as [4,27]. Regarding the microstructural features, according to the 
SEM images shown in Fig. 3, the microstructure of L-PBF 18Ni300 
comprised a mixture of martensitic features with lath or cellular/den
dritic morphologies (marked by A and B in Fig. 3, respectively). Also, 
sporadic islands of retained austenite were identified along the bound
aries, as reported in Ref. [4]. Martensitic microstructures with such 
morphological features have been reported for similar maraging tool 
steels processed by L-PBF and are expected, considering the complex and 
intensive heating and cooling cycles associated with this technique 
[28–30]. Finally, the geometrical features of the notches according to 
their sample codes are summarized in Table 3 (further details on these 
data and their calculations are available in Ref. [4]). 

3.1. Stress-strain fields around the external notches 

Strain domains around the vicinities of the external notches (ES and 
EB in Fig. 1) are presented in Figs. 4 and 5 for the sharp and blunt 
notches, respectively. For the specimen with the sharp notches, a 
sequence of ten points starting from the notch root to the midplane of the 
specimen was selected for further investigation, as highlighted in Fig. 4. 
The true stress-logarithmic strain curves at these points are shown in 
Fig. 6. The curves in this figure contain the stress-strain data from the 
onset of the external loading until the final fracture of the specimen. The 
results showed that for a given external load (e.g., near the failure of the 
specimen ES), the resulting local true stress and plastic strain decreased 

Table 1 
Chemical composition of the raw powder according to its manufacturer [26].  

Element Ni Co Mo Ti Al Cr Cu C Mn Si P S Fe 

wt% 17.00–19.00 8.50–9.50 4.50–5.20 0.60–0.80 ≤0.15 ≤0.50 ≤0.50 ≤0.03 ≤0.10 ≤0.10 ≤0.01 ≤0.01 Bal.  

Table 2 
L-PBF parameters used for manufacturing the samples.  

Parameter Laser 
power 

Scanning 
rate 

Hatch 
distance 

Layer 
thickness 

Scanning 
pattern 

Value 200 W 1000 mm/ 
s 

70 μm 30 μm meander  

Fig. 1. Dimensions of the unnotched sample (right) and schematics of the notch 
designs for the notched specimens (left). 

Table 3 
Geometrical characteristics of the notches (further details are available in 
Ref. [4]).  

Notch 
design 

Root 
radius 

Notch 
depth 

Ra at 
the 
root 

Rz at 
the 
root 

Notch 
location 

Calculated 
Kt 

ES 0.1 mm 1.0 mm 5 μm 46 μm External 6.3 
EB 1.0 mm 1.0 mm 5 μm 50 μm External 2.3 
IS 0.1 mm 1.0 mm – – Internal 6.6 
EC 1.0 mm 1.0 mm 5 μm 50 μm External 2.3  
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from the root to the midplane (see also Table 4), which agrees with the 
stress concentration expected in the notch vicinity. In addition, all points 
had lower elongation at break values than the unnotched specimen. 
Note that the negative slopes at the end of the curves for points 2–10 are 
due to the onset of failure at point 1 and its associated drop in force. 
Hence, these negative slopes were excluded from the analysis. 

At first glance, under any given local stress (e.g., 1400 MPa in 
Table 5), the resultant logarithmic strain was higher near the notch root, 
showing an apparent softening behavior from the midplane to the notch 
root in Fig. 4, although the strain hardening curves (shown in Fig. 7) 
showed a more gradual decrease for dσ/dε near the notch root. This 

contradiction can be attributed to the simultaneous influence of the 
stress triaxiality near the root and the more moderate boundary condi
tions acting on the material in this area compared to the midplane of the 
specimen (where the material is more constrained in each direction) [4]. 
In addition, the synergistic effects of the stress triaxiality attributed to 
the notch root and the stress multiaxiality resulting from the necking 
phenomenon may also exacerbate the issue regarding the controversial 
observation. Finally, the limitations of the calculation approach used for 
the true stress values at each point based on the constant volume (ma
terial continuity) should also be considered. 

Therefore, to better evaluate the effects of notches on the hardening 
behavior of the material, the local stress-strain data of the two different 
notches were compared in Fig. 8. In this figure, for both notched samples 
(point 1 in Fig. 4 and point 1′ in Fig. 5), the diagrams are plotted from 
the onset of the external load until its value reaches the fracture limit of 
point 1 (final failure of the ES specimen). Therefore, all the parameters 
were set to be the same except for the notch design in this comparison. 
Consequently, point 1 in the root vicinity of the sharp notch experienced 
a higher stress concentration and triaxiality compared to point 1′ located 
in the root vicinity of the blunt notch. 

According to Fig. 8, point 1 also experienced a higher level of strain 
hardening and a more moderate drop in dσ/dε values during its tensile 

Fig. 2. Cross-sectional image from the unetched surface of L-PBF 18Ni300.  

Fig. 3. Microstructural features of L-PBF 18Ni300 with cellular/dendritic 
subgrain structures shown in higher magnification. in the subset figure. 

Fig. 4. Strain distribution data in the vicinity of the sharp notches in the ES 
specimen approximately prior to its final failure. 

Table 4 
Local stress and strain values at the external load of 26.8 kN for the ES sample.  

Point 1 3 5 9 

True stress 1400 MPa 1378 MPa 1361 MPa 1350 MPa 
Logarithmic strain 0.0436 0.0270 0.0157 0.0074  

Table 5 
Global load and local strains at the local stress of 1400 MPa.  

Point location in Fig. 4 1 3 5 9 

Global external load 26.8 kN 27.1 kN 27.4 kN 27.6 kN 
Logarithmic strain 0.0436 0.0329 0.0218 0.0137  
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test. Thus, the existence of geometrical notches caused a more severe 
(local) strain hardening in the material, and the hardening increased 
with notch sharpness. In addition, the significantly lower ductility of the 
notched material compared to the unnotched sample can also be 
attributed to this phenomenon, making the material more defect sensi
tive in the notch vicinity. Finally, further fracture surface analysis of the 
broken sample with the blunt notch (see Ref. [4] for more details) also 
showed a higher level of microvoid coalescence mixed with brittle 
fracture along the notch root (compared to the midplane), which may 
also indicate the higher susceptibility to defects of the material near the 
notch root (Fig. 9, bottom right). As stated in Ref. [4], relatively higher 
microvoid coalescence in the notch vicinity can be attributed to the 
negative internal pressure caused by the stress triaxiality along the notch 
root; however, the limited presence of brittle fracture features remained 

unexplained solely relying on the stress state to analyze these features. 
Hence, these features can be linked to the different hardening behavior 
in the notch vicinity causing higher degrees of defect sensitivity and 
local brittleness. 

3.2. Influence of notch location 

Point 1′′ in the IS specimen, with a distance from the root similar to 
that of point 1 in ES, was examined to study the influence of notch 

Fig. 5. Strain distribution data in the vicinity of the blunt notches in the EB 
specimen under the tensile load equal to the force value in Fig. 4. 

Fig. 6. True stress-logarithmic strain curves of the points shown in Fig. 4.  

Fig. 7. Strain hardening curves of various points shown in Fig. 4 and their 
comparison to the strain hardening data from the unnotched sample. 

Fig. 8. True stress-logarithmic strain curves and strain hardening graphs of the 
points near the sharp (Fig. 4) and blunt (Fig. 5) notches, from the beginning of 
the tensile test until the external load of ≈26.8 kN. 
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location on the local stress-strain data in the root vicinity. As shown in 
Fig. 10, comparing the results from points 1 and 1′′ showed that the 
stress concentration pattern of the internal and external notches 
matched through the elastic deformation of the material. However, 
under a fixed external load, material in the vicinity of the internal notch 
experienced lower levels of stress values during the plastic deformation, 
although both external and internal notches shared the same geomet
rical features and stress concentration factors. In addition, a higher drop 
rate of dσ/dε values for point 1′′ also indicated a lower strain hardening 
capacity of the material in the root vicinity of the internal notches. 
Therefore, parameters other than the characteristics of geometrical 

notches must be the more determining factors ruling the plastic defor
mation of the material near the notch vicinity. Considering the possible 
influential factors in this regard, the material’s boundary condition 
possibly causes the material to behave differently around the internal 
notch since it seems less constrained by its surroundings in the case of IS 
compared to ES, as qualitatively shown in Fig. 11. However, quantita
tive confirmation of this hypothesis requires further research. Further, 
material’s interaction with inherent defects can be different in IS than in 
ES, as defect distribution in AM metals has been proven to be generally 
higher in subsurface areas, and the stress field in the case of IS is 

Fig. 9. Scanning electron microscopy of the fracture surface belonging to EB (from Ref. [4], used under CC BY 4.0 license).  

Fig. 10. Strain hardening curves and load-stress data (subset figure) of points 1 
and 1′′ in the samples ES and IS, respectively. 

Fig. 11. Schematic view of the notches and variation of local stress and ma
terial’s degree of restraint for ES (left) and IS (right) samples. 
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restricted between two subsurface areas (see Fig. 11) [31]. 

3.3. Influence of the global notch shape 

Point 1′′′ near the notch root of the EC specimen was examined and 
compared with point 1′ from the specimen EB to investigate the effects 
of the geometrical features of the notches on the stress-strain fields 
around the notch vicinity. These two notch designs were selected for 
comparison since they share similar geometrical features (radius and 
depth) and Kt values, but the notches in EC are semicircular, while EB 
has V-shaped notches, as shown in Fig. 1 and Table 3. The comparison 
showed that the two different notch designs imposed similar stress- 
strain values in the vicinity of their roots, as shown in Fig. 12. In 
conclusion, changing the notch shape from V-shaped to semicircular did 
not significantly alter the circumstances along the notch roots. 

However, the ductility (elongation to failure) values of the samples, 
shown in the subset of Fig. 12, still showed a slightly different trend 
between EC and EB, regardless of the similarities discussed earlier. As 
shown in Fig. 13, in addition to stress-strain values around the notch 
vicinity, each notch design can also govern the strain rate of the mate
rial, especially along the notch root. Consequently, materials in the root 
vicinities of the notches in EC and EB specimens experienced different 
strain rates; this point is also true for the ES and IS samples. Further
more, there is a consistency between the declining pattern of the 
ductility values in Fig. 12 and strain rates in Fig. 13. Deformation in 
strain rates relatively higher than quasi-static regimes can decrease the 
ductility of ferrous alloys [32,33]. Consequently, different ductility 
values from different notches with similar stress concentration factors, 
radii, and depths can be attributed to the various strain rates those 
notches impose on the material in their vicinities. The difference in the 
resultant strain rates from notches with similar Kt and dimensions can 
also be attributed to the boundary conditions and constraints applied to 
the material around the notch vicinities. However, further research is 
required in this regard. 

4. Conclusions 

Five different notch designs were investigated in this research to 
evaluate the effect of notch designs and locations on the local stress- 
strain values in the specimens. These effects were discussed while 
considering the simultaneous influences of AM inherent defects and 
geometrical notches as global stress risers. Based on the results and their 
associated discussion, the following points can be highlighted as 
concluding remarks.  

- The stress triaxiality (from the notches) and multiaxiality (from the 
necking) made the evaluation of the hardening behavior in the notch 
vicinity controversial. However, comparing the data from a sharp 
notch (with a relatively higher stress concentration factor and stress 
triaxiality) with a blunt notch yielded more conclusive results. The 
comparisons showed that the strain hardening of the material 
increased with the concentration factor (notch sharpness) while its 
ductility decreased accordingly.  

- The changes mentioned above in the material behavior around the 
notch vicinities are expected to make the material more defect sen
sitive, which agrees with the observation from the previous study 
published in Ref. [4]. Furthermore, the higher sensitivity can exac
erbate the negative influence of rough surface quality along the 
notch root. Hence, stricter safety measures and higher safety factors 
are expected to be applied on notched additively manufactured 
metals compared to their traditionally manufactured counterparts.  

- Comparing an external notch with its internal peer with a similar 
shape and stress concentration factor showed that the external notch 
imposed higher strain hardening and stress concentration on the 
material, regardless of the geometrical similarities between the in
ternal and external notches. Hence, the difference in the results 
achieved from these notches can be attributed mainly to the notch 
locations in the samples and possible constraints applied locally to 
the material by its surroundings. In other words, the material is ex
pected to be more restrained by its surroundings inside the sample (e. 
g., near the midplane) than surface or subsurface areas.  

- Comparing the notches with similar locations, dimensions, and 
characteristics but different shapes (semicircular vs. V-shaped) 

Fig. 12. Stress-strain data near the notch roots in the EB and EC specimens 
(points 1′ and 1′′′, respectively) and ductility values of the specimens according 
to their notch designs (subset figure) [4]. 

Fig. 13. Strain-time diagrams near the notch root of different specimens 
(points 1, 1′, 1′′, and 1′′′ from ES, EB, IV, and EC, respectively). 
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showed that the material in the root vicinity of these notches expe
rienced similar stress-strain fields. However, being under similar 
stress-strain domains does not guarantee the same response in such 
cases, as the sample with the semicircular notch showed lower 
overall ductility prior to its failure. Further investigation showed that 
the material experienced different strain rates in the case of these 
two notches, although the remaining parameters, even the stress- 
strain values, were similar in both cases. In this regard, the lower 
ductility can be attributed to the higher strain rate experienced by 
the material near the root vicinity of the semicircular notch. 

Finally, further research to quantify these changes in material 
behavior in notch vicinities is recommended for future studies, as such 
analytical/numerical approaches can make the failure prediction of 
metals with geometrical notches processed by additive manufacturing 
more accurate. Also, future research seems essential, especially since the 
boundary condition and constraint degree of materials seem to be as 
determining as notch features, and similar or even identical notches can 
result in different failures based on their shapes or locations. In addition, 
the effect of material thickness is recommended to be considered for 
future studies since the majority of deductions and calculations made in 
this work, and numerous similar studies in the literature, are based on 
plane strain criteria. Therefore, understanding other extreme condi
tions, e.g., plane stress, and some middle grounds between such ex
tremes, is required to comprehensively address how notches affect 
material behavior under different loading scenarios. However, even new 
techniques such as DIC cannot experimentally measure the stress-strain 
values through the thickness (inside materials); combinations of 
experimental and analytical approaches, such as simultaneous applica
tion of DIC and the finite element approach, might help to overcome 
such drawbacks. Furthermore, the influence of different loading types 
and directions, such as biaxial, multiaxial, or shear, also requires further 
research. 
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