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ABSTRACT. The present work investigates the compressive mechanical
response of three lattice structures manufactured via VAT
photopolymerization. A bio-inspired architecture, derived from the
observation of Euplectella aspergillum, was compared with square and
triangular lattice configurations. Experimental uniaxial compression tests and
multi-step nonlinear finite element analyses were carried out for each topology
to highlight differences in their mechanical behaviour.

The results demonstrate that the bio-inspired structure exhibits superior
mechanical performance compared to conventional square and triangular
geometries. Furthermore, the proposed simulation methodology proved
effective for design purposes, enabling the consideration of instability
phenomena and contributing to safer structural design. Finally,
micromechanical modelling was employed to link the micro-architecture to
the effective macroscopic properties. In particular, a micro-mechanical model
allowed to predict the elastic moduli and yield strength, highlighting a stretch-
dominated behaviour in elastic regime.
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INTRODUCTION

dditive manufacturing (AM) enables the fabrication of finite components directly from a CAD model. This

capability has opened new possibilities in mechanical design, as enhanced mechanical properties can be achieved

through a tailored spatial distribution of material. Lattice structures consist of assemblies of unit cells arranged in
space to optimize material usage by reducing overall volume while maintaining and enhancing certain structural
performance.
Numerous studies have focused on enhancing specific component characteristics through modifications of the unit cell
architecture, as the geometry of the lattice plays a key role in governing stiffness, strength, deformation mechanisms, and
energy absorption behaviour. By tailoring parameters such as cell topology, strut orientation, and relative density, it is
possible to optimize the mechanical response of lattice structures for targeted applications. The complexity of these
geometries leads researchers to investigate the mechanical behaviour of unit cells and to correlate it to the entire finite part
by different approaches. Valvano [1] investigated three cell configurations and derived equivalent mechanical set through
homogenisation procedure in order to facilitate tailoring of design parameters.
Unit cell geometries are usually derived from what already exists: They can be inspired from how atoms are arranged in solid
materials [1], atomic and molecular orbitals as those proposed by Nuhu et al. [2] and they can emulate organic tissues
behavior [3].
Particular attention has been devoted to bio-inspired lattice structures, which are derived from the replication of geometrical
patterns and hierarchical features observed in natural systems, such as honeycombs, trabecular bone, bamboo, and cellular
plant tissues [4]. These natural architectures have evolved to efficiently balance mechanical performance and material usage,
providing high strength-to-weight ratios and enhanced damage tolerance. However, the complexity of resulting stress fields
obliges designers to deeply analyse their behaviour. Due to their lightweight nature, high specific stiffness, and large energy
absorption capabilities under impact or compressive loading, bio-inspired lattice structures are increasingly adopted in
engineering applications. Typical examples include automotive components for crashworthiness and vibration damping,
personal protection equipment such as helmets and protective pads [5,6].
In this study, three bio-inspired lattice structures were analysed and experimentally tested. Two architectures were
schematized into square and triangular unit cells [7]. The third architecture was inspired by Euplectella aspergillum (E. a.),
a deep-sea sponge known for its remarkable energy absorption capability [8].
E. a. typically measures between 6 and 32 cm in length and 1.5-5 cm in diameter. The organism exhibits a predominantly
cylindrical morphology that slightly flares toward the upper region, giving it the appearance of a delicate vase or basket. Its
structural framework consists of an intricate, grid-like lattice formed by interlocking siliceous spicules that collectively
constitute the skeletal system. This lattice architecture is further reinforced by diagonal struts and an external helical ridge
oriented perpendicular to the cylindrical surface and spirally wrapped around the body [9].
The mechanical performance of the natural architecture of E. a. was investigated under uniaxial compression by Brown et
al. [10]. In their study, both a natural 3X3 unit-cell specimen and a three-dimensionally printed replica, obtained through
3D scanning of the natural structure, were tested in compression, enabling a direct comparison between the native biological
architecture and its additively manufactured counterpart. Authors evidenced the complexity of this structure’s behaviour
but suggested how its characteristics could be used for design purposes if simplified.
A schematic representation of the natural topology was subsequently proposed and analysed by Sharma et al. [8], who caught
Brown et al. advice. In this work, the authors simplified the geometry by reinforcing a square lattice with diagonal elements
to mimic the load-bearing features of the biological structure. The specimens were manufactured using the FDM process
in thermoplastic polyurethane (TPU), as the primary objective of the experimental campaign was to highlight the mechanical
response and deformation mechanisms based on local buckling and consequent bending of the bio-inspired unit cell. The
capability of this material, which was modelled as hyperelastic due to the extreme strains it can sustain before failure,
evidenced the potential of this architecture for energy absorption applications.
Two-dimensional (2D) and three-dimensional (3D) lattice structures can be designed to achieve either isotropic or
anisotropic behaviour, depending on the required mechanical performance. Moreover, it is possible to tailor specific
mechanical characteristics in selected regions of a component by employing graded lattice structures, in which geometric
parameters such as cell size, strut thickness, or topology vary spatially due to load condition they are subjected to [11].
While numerous studies have investigated similar geometries fabricated from steels and polymers using powder bed fusion—
based processes, such as Selective Laser Melting (SLM), Electron Beam Melting (EBM), Selective Laser Sintering (SLS),
Multijet Fusion, and Fused Deposition Modelling, the literature lacks comprehensive investigations into the mechanical
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behaviour of such structures manufactured via photopolymerization (vat) processes, which allows to obtain fine quality and
high resistance.
The photopolymerization process uses liquid resins and photopolymers as its primary materials and consists of triggering
chemical reactions through irradiation with ultraviolet or visible light, leading to solidification [12]. These include layer
thickness, build orientation and printing velocity for all technologies; laser energy for SLS and SLM; nozzle and bed
temperature for FDM; and part positioning within the printing chamber for the MJF process [13-15]. For wvat
photopolymerization technologies, the main process parameters consist of exposure time, light intensity, layer thickness,
build orientation, and resin-related properties, all of which significantly influence the final mechanical and physical
characteristics of the printed parts [16].
Vat photopolymerization can be divided into two main variants: stereolithography (SLA), which solidifies liquid resin using
a moving energy source, and digital light processing (DLP), which cures an entire layer in a single exposure. Both
technologies are characterized by high processing speed and are well suited for rapid prototyping applications, offering very
high resolution and enabling multi-material additive manufacturing. On the other hand, they require post-processing steps,
demand skilled operators, and involve the handling and disposal of liquid resins, which are toxic and require careful
management [17].
Experimental observations obtained from uniaxial compression tests performed on the three proposed lattice structures
highlighted that buckling is a dominant phenomenon governing their mechanical response. FEM simulations were carried
out to determine the critical displacement associated with the onset of buckling. The post-buckling behaviour of the
structures was then evaluated by introducing the corresponding buckled deformed shape of each layout as an initial
geometric imperfection in subsequent nonlinear analyses [18]. A similar approach was also proposed by Sledziewski and
Gorecki [19], by employing the RIKS analysis available in Abaqus, which allows to investigate through the bifurcation point
in force convergence.
Moreover, lattice structures can be effectively described through micromechanical models that relate their micro-
architecture to the resulting macroscopic mechanical properties. According to the Gibson—Ashby theory [20,21], the
effective properties of cellular materials are dependent on relative density through power-law relationships, where the scaling
exponent depends on the dominant deformation mechanism within the cell walls. These micromechanical models provide
a methodology for predicting stiffness and strength of lattice structures based on their geometry and relative density. The
micromechanical approaches to evaluate the mechanical properties of cellular structure were employed successful for
polymeric [16] and aluminium foams [17].
In this paper experimental compressive tests are performed on three lattice structures obtained via Vat photopolymerization
and their mechanical behaviour is simulated via FE analysis considering compressive loads and buckling analysis. FE analysis
was carried out using a multi-step approach and employing an isotropic elastic material model. Few works focused on FEM
simulations of mechanical behaviour of parts manufactured by resin-process. Lovo et al. [22] stated that it is possible to
approximate the resin as an isotropic linear material due to the high geometric quality which can be obtained from
photopolymerization process and post processing. Moreover, based on authors experience, using an isotropic material for
vat resin gave results coherent with experimental fracture mechanic tests [23].

First, a nonlinear analysis was conducted to determine the displacement at which buckling occurs. The resulting deformed
configuration was then introduced as an initial geometric imperfection in a subsequent analysis to evidence post-buckling
behavior. By doing so, it was possible to focus on specimen-specific imperfections, which cannot be captured when using
a simple isotropic material model. Finally, mechanical properties are discussed and predicted adopting micro-mechanical
modelling.

EXPERIMENTAL EVALUATION

Materials and specimen manufacturing

Lattice structures were designed with CAD software SolidWorks adopting three elementary cells (Fig. 1): square, triangle
and bio-inspired by deep sea sponge Euplectella aspergillum (E. a.) [18].

The Digital Light Processing manufacturing technique was employed to produce the specimens, with a commercial
ANYCUBIC Photon — LLCD printer. The main characteristics of the printer are: a LED UV, 405 nm, 25 W light source, a
building volume of 115 x 65 x 155 mm, a XY resolution 2560X1440 pixels, 47 um, with minimum layer thickness between
0.01 to 0.2 mm, a printing speed of 20 mm/h and using a 405nm UV Resin, commercially named Translucent Green.
Considering our experience on the influence of manufacturing parameters on tensile [17] and fracture toughness [16], the
manufacturing parameters employed for fabrication of the lattice structures are presented in Tab. 1, where an in-plane
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printing with 0.05 mm layer thickness and an exposure time of 3.6 seconds for each layer were adopted. The post processing
procedure was performed by cleaning in Isopropyl Alcohol (IPA) for 5 minutes and curing for 5 minutes with UV radiation.
For each lattice structure four specimens were manufactured.
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Figure 1: Lattice structures dimensions expressed in millimeters for: a) square-lattice; b) triangular-lattice; ¢) Euplectella Aspergillum
inspired.

Specimen Layer thickness Exposure time Cleaning time Curing time
otientation [mm] [s] [min] [min]
In plane 0.05 3.6 5 (in IPA) 5 (UV)

Table 1: Manufacturing process parameters.

After curing, all the specimens were weighted to determine the mass (Muice). The lattice structures densities were determined

(Prattice=Muatice/ Viatice), With Viuice the volume of the lattice structure, resulted from the CAD model. The material density
was determined by printing with the same manufacturing parameters some cubes of 10 mm edge, which were also weighted,

to obtain the solid density (Psolid=msolid/ Vsoid). Then, the relative densities of the lattice structures were determined as
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Figure 2: Load-displacements curves for the considered lattice structures.
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Compression tests

The compression tests of lattice structures were performed with 5 mm/min displacement control, at room temperature (23
°C) using a Zwick ProLine Z005 testing machine. A digital camera was used to record the test and analyse the deformation
behaviour of the lattice structures. Typical load-displacement curves for one specimen are shown in Fig. 2 for the three

lattice structure considered.

The E.a. inspired lattice structure exhibits the maximum value of compressive force, followed by the triangle honeycomb
and, finally, by the square lattice. The resulted failures of the lattice structures under compression are different (Fig. 3). The
square lattice exhibits an elastic buckling followed by the faces bend and tensile before fracture (Fig. 3a). For the triangle
lattice, a local buckling occurs at the edge of the structure and then the struts of the structure failed due to a combination
of tensile and bending (Fig. 3b). The E.a. inspired structure mitigated pronounced buckling or local buckling phenomena.

The fractute occurred at 45° through the structure by shear.
The measurements of the specimen’s mass and dimensions, and maximum load are presented in Tab. 2.
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Figure 3: Failures frame for a) square-lattice; b) triangular-lattice; ¢) E.a. inspired structure.
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Specimen
Number.

P1
P2
P3
P4

T1
T2
T3
T4

C1
C2
C3
C4

Weight,
m

[¢]

13.447
12.902
13.263
13.257

20.865
20.864
20.505
20.767

25.701
25.708
26.68
25.996

Ly
[mm]

59.80
59.70
59.75
59.75

59.80
59.80
59.75
59.80

59.70
59.75
59.75
59.80

Specimen dimensions (LixLoxt)

Ly t
[mm] [mm)]
Square-lattice
59.80 15.10
59.75 15.05
59.70 15.05
59.70 15.00
Triangular-lattice
59.80 15.15
59.80 15.05
59.80 15.05
59.80 15.05
Euplectella Aspergillum inspired
59.75 15.15
59.70 15.16
59.73 15.15
59.80 15.17

Density

plattice

[g/cm’]

0.249
0.240
0.247
0.248

0.385
0.388
0.381
0.386

0.476
0.475
0.493
0.479

Maximum load
Fmax

(N]

801
844
1050
1060

2720
2980
3090
3130

4990
4760
5060
4740

Table 2: Specimens dimensions and maximum load.
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NUMERICAL SIMULATION

Preprocessing and workflow explanation

inite element model analyses were catried out to investigate each structure’s behaviour in compression tests. To do

this, non-linear static structural analysis has been implemented in Ansys Workbench 2025 12 environment. To

correctly describe stress and strain fields and to limit the number of elements, these structures were schematized by
2D plain strain condition, since the thickness dimension is comparable to the height and width and the work focuses only
on in-plane mechanical behavior [24]. Vat resin was modelled as isotropic elastic material characterized by Young’s Modulus
equal to 1300 MPa and Poisson Ratio equal to 0.38. A very fine free quadrilateral mesh with an element size of 0.15 mm
was employed, as determined through a mesh sensitivity analysis which was conducted to identify the element size that
provides a total strain energy for each configuration comparable to those obtained with a much finer mesh of 0.01 mm,
which would have been computationally prohibitive for a multistep nonlinear analysis. Results in term of percentage
differences are reported in Fig. 4a.
The selected mesh ensured at least four elements along the thin vertical and horizontal walls, as well as along the diagonal
struts [25]. To avoid any singularity depending on boundary conditions, displacements were given to compression plates,
simplified as rigid elements. The contacts were set to be “frictional” with a friction coefficient of 0.2. A multistep analysis
was set in order to investigate multiple points in the force-displacement curve. Additionally, large displacement’s option was
activated to determine if the deformed shape modifies its stiffness accordingly to the onset of large deformations. Contacts
and large displacements cause the analysis to be non-linear and, to ensure convergence in results, each step is characterized
by an increase in negative vertical direction of 0.05 mm. Fig. 4b-d illustrates the layouts adopted for the FEM analysis. The
compression plates, shown in blue, are simplified as rigid bodies, whereas the lattice structures, depicted in green, are
modelled as isotropic elastic materials, as previously described. The interfaces between the compression plates and the lattice
structures are defined as frictional contact surfaces to prevent interpenetration between components while allowing sliding
and separation resulting from structural deformation.

1.4 N
® Square-lattice A

W Triangular-lattice A
A Euplectella aspergillum-lattice
—-=- Element size = 0.15 mm

b o o = I
= o @ =} [N}

Percentage difference [%]

o
N
B == o oo

0.0 01 02 03 0.4 05 06 0.7 0.8
Element size [mm]

(b)

Figure 4: a) Mesh sensitivity analysis results; b)Square; ¢)Triangular; d)Euplectella aspergillum lattice structures geometries and mesh
details.
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Since buckling was observed in both square and triangular lattice structures, a non-linear eigenvalue buckling analysis was
performed in each geometry. Buckling analysis gives the buckling deformed shape and the load multiplier which, if multiplied
to the applied force, gives the critical force depending on material and structure’s layout stiffness. Because the applied
boundary conditions consisted in displacement and not in a force, each load-step was used as a basis for buckling analysis,
in order to find out which displacement condition corresponded to a load multiplier tending to one: in this condition the
applied displacement corresponds to the critical load in compression.

The resulting deformed shape corresponding to the first buckling mode was extracted as STL file and repaired in Spaceclaim
environment to be converted in surface again. An explicative workflow chart is reporter in Fig. 5, in which it is possible to

observe the boundary conditions consisting in a multistep rigid “remote displacement”, pointed out as u, (coherent with

the experimental displacements measured in correspondence of the maximum load) assigned to the upper compression
plate, and a fixed remote displacement in the lower plate. The lattice structure is represented as a general one since the
boundary conditions were the same for each layout investigated in this work. Each stress field obtained by each load step
was used as a pre-stress pattern for non-linear eigenvalue buckling analysis in order to determine the load step corresponding
to a displacement leading to the critical load. Finally, the deformed shape associated with critical load is extracted as STL
mesh and repaired as a surface to be analysed with a static structural analysis.

Multistep non-linear
static structural
analysis

Nonlinear Deformed shape Post
eigenvalue > with load e > tiut:ktllng|
i ipli structura
buckling multiplier reconstruction v
ysis
A=1 from faceted
STL mesh

ux=0;uy=0;¢z=0|

Figure 5: FEM analysis’” workflow.

This process allowed to investigate structures post-buckling behaviour, since it was experimentally observed that after the
occurrence of buckling the sample continued to resist. This is due to the fact that these lattice structures are designed for
energy absorption applications and are commonly manufactured with materials which can be modelled as hyperelastic. While
the lattice structures shape can be characterized by large strain energy, vat resin shows a quasi-brittle behaviour with ultimate
stress almost coincident with the yield stress according to ASTM D638 standard.

Results

Eigenvalue nonlinear buckling analysis made it possible to determine the maximum displacement that each VAT-resin-
manufactured structure could withstand before the onset of local buckling. However, this condition does not necessarily
correspond to the failure of the lattice sample, as experimental observations showed that the structure is still able to sustain
load even after transitioning into its buckled configuration. Tab. 3 reports critical displacements estimated by FEM analysis
for each configuration. Results are coherent with experimental results, since it was observed how for the square-lattice
configuration, due to its slenderness, buckling occurred almost immediately after contact began, suggesting that the critical
displacement of 0.1 mm is in line with experimental observation. A substantial increase in critical displacement was estimated
for the triangle lattice structure, which resulted to be equal to 0.35 mm. Although local buckling was not observed in uniaxial
compressive tests performed on the lattice structure inspired by E.a., since failure occurred in a brittle manner along one of
the diagonals, a critical displacement of 1.25 mm was estimated through FEM analysis.

This discrepancy can be attributed to manufacturing-induced defects and to deviations from the nominal geometry resulting
from the dimensional tolerances of the AM manufactured specimen. Additionally, the deformed shape consequent buckling
consists in localized strain in the interface between the sample and the compression plate.

In addition to what was discussed before, each structure stiffness was calculated as the ratio between the frictional contact
vertical reaction force and the displacement applied. By doing so, it was possible to observe how the structure characterized
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by the lowest stiffness is the square-lattice. If it is taken as a reference, triangular-lattice shows an increase in stiffness of
25.6%, while the E.a. inspired lattice structure an increase of 37.6%. The same considerations can be extended to the critical
load: the triangular-lattice exhibits a critical load 3.3 times higher than that of the square layout, while the E.A.-inspired
structure is characterized by a critical load 15.3 times greater than the square-lattice.

Lattice structure Stiffness K Critical displacement Load Multiplier Critical Load
[N/mm] [mm] [//] [N]
Square-lattice 2068.2 0.1 0.98 208
Triangular-lattice 2597.8 0.35 1.02 903
Euplectella Aspergillum- 2846.4 125 107 3394
inspired ) ) '

Table 3: FEM results.

Fig. 6 presents the buckled configurations for each lattice structure. The FEM-predicted deformed shape of the square
lattice agrees well with the experimentally observed configuration. In contrast, the triangular lattice exhibits a deformation
pattern distributed along the entire left side in the first buckling mode. Conversely, the E.a.-lattice structure exhibits localized
buckling, with deformation primarily concentrated at the corners, although experimental failure occurred along one of the
diagonals.
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Figure 6: Buckling deformed shapes for a) square-lattice; b) triangular-lattice; ¢) E.a. inspired lattice structure.
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Figure 7: Stiffness variation in post-buckling simulations.

The FE model predicts a critical displacement for the E.a.-inspired structure of 1.25 mm, relatively larger than the ones
predicted for the square (0.1 mm) and triangle lattice (0.35 mm). This indicate that buckling would occur only at large
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deformation level which, in practice, is never reached by the E.a inspired structure due to the brittle fracture that intervenes
first. The E.a inspired architecture suppresses buckling and move the material failure mode from geometric instability to
material failure.

Post-buckling analysis made it possible to quantitatively evaluate the change in stiffness, calculated as the ratio between the
applied displacement and the calculated reaction force in the lower contact region, associated with the buckled configuration
This was achieved by using the deformed shape corresponding to the critical displacement as the initial geometry for a
subsequent multi-step nonlinear static structural analysis. Fig. 7 illustrates the stiffness variation for each lattice structure in
the buckled state.

It can be observed that, for both the square and triangular lattice structures, an instantaneous deviation from an initially
constant stiffness value occurs as a direct consequence of buckling. In contrast, the E.a.-inspired structure exhibits a
continuously varying stiffness throughout the entire simulation, without a clearly defined plateau region.

Finally, the reaction force leading the specimens to failure was calculated by FEM model extracting the reaction force value
estimated in correspondence of the experimental displacement leading the specimens to failure in the post-buckling analysis.

Comparison with experimental tests

It is possible to compare the results coming from the experimental compressive tests with the prediction of the FE
simulations of compression failure and buckling. In Fig. 8, for each lattice structure, the diamonds represent the average
value of experimental compression failure force, calculated by the points represented by circles and followed by error bars
representing the standard deviation of the samples in force and relative density on four specimens. The “x” marker points
indicate the failure load estimated by FE models, extracted in correspondence of experimental failure displacements; finally,

the squares represent the critical forces causing buckling estimated by non-linear eigenvalues buckling analysis.

Square-lattice average value
Square-lattice experimental data
Square-lattice Compression failure FEM
Square-lattice Buckling
Triangular-lattice average value
Triangular-lattice experimental data
Triangular-lattice Compression failure FEM
Triangular-lattice Buckling

E.a. Lattice average value

E.a. Lattice experimental data

E.a. Lattice Compression failure FEM
E.a. Lattice Buckling

5000 - °

°
HXeo®
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HXe@®
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2000 -

1000 A

0.20 0.25 0.30 0.35 0.40 0.45 0.50
Relative density [-]

Figure 8: Comparison of experimental test with FE simulations.

For the square-lattice, the experimental failure has higher value (938%£135 N) compared to the compression (374 N) and
buckling (208 N) loads estimated by FEM. The difference is more marked considering the triangular-lattice and E.a. inspired
structure; indeed, the first has a failure load of 29802184 N, a compression load of 1639 N and a buckling load of 903
MPa, while the latter has a failure load of 48872161 N, a compression load of 3793 N and a buckling load of 3394 MPa.
The difference between the compression load and the buckling load of the triangle lattice seems more pronounced since
the buckling phenomenon interest a large part of the sample; on the other hand, in the square lattice and E.a. inspired
structure it involves smaller area of the specimens (Fig. 6). Another explanation to the increase in critical displacement, and
consequently of critical load, is that each structure’s unit cell can be seen as a square unit cell reinforced with diagonals
struts, and these reinforcements influence both critical and fracture load. The under estimation of experimental failure loads
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by FE models can be attributed to a combination of modelling assumptions. The 2D plane strain simplification constrains
out-of-plane deformation, preventing the stress redistribution that occurs in real specimens during post-buckling, especially
in the triangular lattice and E.a. inspired geometry, where internal stress paths are more complex. The isotropic linear elastic
material model, already adopted for Vat photopolymerized resins, cannot capture the post yielding stress redistribution nor
the continued load-bearing capacity experimentally observed after the onset of local buckling. Finally, the FE model does
not account for the local increase in cross-sectional area at strut nodes resulting from the light overcure effect inherent to
Vat photopolymerization, which increases the effective stiffness of the real specimens. Despite these limitations, the FE
model proves conservative with respect to the experimental failure loads, which represents an acceptable and desirable
characteristic for design-oriented simulations.

MICRO-MECHANICAL MODELING

he micromechanical models for cellular structures aim to link the micro-architecture (cell geometry, topology, and

material of struts and walls) to the effective macroscopic properties (stiffness, strength, plasticity, fatigue, thermal

behaviour) [20]. Below is a structured overview of the main model classes used in research and engineering.
Generally, a micromechanical model can be expressed by:

Propert}rlatﬁcc =C (MJ PropertYSolid (1)
Osolid

where C and n represent fitting parameters.
For linear elastic lattices the behaviour of walls is stretch dominated or bending dominated. Accordingly, the Young’s
modulus can be estimated:

- for stretch dominated with [20]

_| Clattice
Elattice_[ e j Esolid (2)

Osolid

- for bending dominated with [20]

2
_| Clattice
Elatticc _[ e J Esolid (3)

Osolid

The compression strength could be estimated considering plastic collapse of cell edges in bending, [21]:

3/2

_ Clati

Glatticc_ca [ Qamcc J Esolid (4)
solid

with Cg ranging from 0.4 — 1.0.

Fig. 8 presents the micromechanical model for Young’s Modulus, where it can be observed from its distribution that for
the elastic region the cell walls for all three lattice structures follow a stretching behaviour. In Fig. 9 it can be observed the
experimental results versus the micromechanical models to predict the compression strength. At low relative density for
square lattice, Cs=0.4; while increasing the relative density the experimental data fit the micromechanical model
corresponding to Cs=1.0 for triangle and E.a. inspired lattice.
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CONCLUSIONS

with, respectively, a global one for the square lattice, a local one for the triangular lattice. The geometry of the bio-

inspired structure prevents the occurrence of buckling.
Numerical simulations on each lattice structute geometry have been carried out to investigate specimens’ behaviour in both
the elastic and post buckling phase. To do this, multistep non-linear FEM analysis was performed to determine the critical
displacement leading to buckling, which, once it was determined, was used as a starting point for further analysis on the
deformed shape, which allowed authors to investigate changes in stiffness associated with buckling arise. The study
highlighted that the stiffness of square and triangle lattice structures is significantly affected by the occurrence of buckling.
In contrast, the bio-inspired lattice structure investigated in this study does not exhibit a pronounced reduction in stiffness,
instead showing an almost linear decrease. This behaviour is further supported by experimental observations, which did not

T he bio-inspired E.a. structure highlighted the highest load bearing. The square and triangular lattice fail by buckling
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reveal any significant buckling occurrence and instead resulted in a brittle failure along one of the lattice diagonals. Moreover,
in addition to the critical displacement, the FEM model enabled the estimation of the critical load at which buckling occurs.
However, the model did not accurately capture the experimental compressive failure load. The micromechanical modelling
represents a useful tool to estimate the mechanical properties of lattice structures.

Further studies will be developed employing local approaches, since the complexity of these structures causes the
macroscopical metrics used for comparison inconsistent. The underlying concept of local approaches is that both static and
fatigue failure are governed by local stress intensification. Defects, discontinuities, or notches can cause stress fields to reach
critical values. In particular, the averaged strain energy density (ASED) provides insight into mechanical behaviour by
evaluating the critical strain energy within a defined control area, whose radius is a characteristic of the specific material [206].
While knowledge of the control radius is essential for obtaining quantitative information on failure phenomena, parameters
from linear elastic fracture mechanics can be used as reference targets for comparison, with the aim of minimizing ASED.
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