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ABSTRACT

ARTICLE INFO

Lattice structures have an important role in lightweight structure applications as
they can supply their mechanical performance with less material. Porous structures
designed with inspiration from nature, has been used in many industries such as aer-
ospace, automotive, defense industry and biomedical field. In order to continue these
advances, studies on various design configurations of porous structure geometries
are carried out. This study aimed to increase the usage potential of Octet Truss lattice
structures in various sectors. A numerical model is created for 3 variable parameters:
strut geometry, porosity, and material type. The effective elastic modulus values are
determined based on the principles of Hooke's law for each model. Based on the ob-
tained effective elastic modulus values, it has been concluded that differences in strut
geometries, porosities, and material types contribute to 1.27%, 68.85%, and 29.86%
of the observed effects, respectively. In order to establish a correlation between these
factors, the data is transmitted to the MATLAB software, where equations are gener-
ated using the curve fitting approach. A total of nine equations have been generated
and the R-square for these equations above 0.99. According to the two desired con-
stant values, the effective elastic modulus can be calculated using these equations
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without any restrictions.

1. Introduction

Porous structures are great interest today to supply
the superior mechanical performance of lightweight
structures (Ashby 2013). In addition to the lightness,
they can supply the structure requirements by combin-
ing mechanical, thermal, and acoustic properties in one
structure (Wadley 2006; Suard et al. 2015). Due to its su-
perior properties, it has been adopted in many industrial
fields such as automotive, defense, aerospace, and medi-
cal sectors (Vasiliev et al. 2012; Tao et al. 2016; Arab-
nejad et al. 2017). With the developments in additive
manufacturing technology, porous structure applica-
tions will be encountered more frequently in more in-
dustrial areas. Porous structures have repeatable prop-
erties by combining random or regular pores into a par-
ticular solid structure (Aney et al. 2023). The randomly

assembled porous structures are defined as foam struc-
tures (Langlois et al. 2018).

Regular porous structures have a wide variety of geo-
metric configurations. For this, two basic geometric con-
figurations are preferred by researchers: beam-based
and triply periodic minimal surface (TPMS) (Majeed et
al. 2022). TPMS structures are surface-based cell archi-
tectures that have surface equations and can be repro-
duced infinitely in Cartesian space (Al-Ketan et al 2019).
Beam-based structures are cell architectures that are
formed by combining various numbers of struts at differ-
ent angles and nodes (Wang et al. 2020).

The positions of the struts in the structure are directly
effective in the change of mechanical properties. Espe-
cially the number of struts and their positions at certain
angles according to the load direction are very important
in load bearing. There are lattice structures assembled in
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a unit cell at different angles and strut numbers by many
researchers: such as Cube (CB), Body-Centered Cubic
(BCC), Face-Centered Cubic (FCC), combination of Cube
and Face-Centered Cubic (CFCC), combination of Cube
and Body-Centered Cubic (CBFCC), Diamond, Octet
Truss, Kelvin Rhombic dodecahedron (Zheng etal. 2019;
Refai et al. 2020).

With developments in additive manufacturing, vari-
ous design configurations are realized for existing lat-
tices or new lattice structures. Wang et al., inspired by
the hierarchical structures of biological materials, devel-
oped a new unit cell configuration design with an inter-
nal strut hierarchy (Wang et al. 2022). Meza et al. (2017)
modeled the effect of beam geometry on Young's modu-
lus in four beam-based lattice structures (Octet Truss,
Cuboctahedron, 3D Kagome, Tetrakaidecahedron) and
evaluated them in experimental and numerical analysis.
With the proposed analytical model, hollow strut struc-
tures are defined as advantageous geometries in terms
of mechanical properties. Wang et al. (2021) propose a
new hierarchical lattice design by replacing the original
straight struts of the face-centered cubic (FCC) lattice
with a series of higher-level circular struts. Researchers
mainly focus on modeling porous structures that will ex-
hibit the best mechanical performance for the required
design space.

In this study, the effects of strut geometry, porosity,
and material type on the mechanical properties of lattice
structures are investigated in Octet Truss lattice struc-
tures. Lattice structures with different porosity (60%,

70%, and 80%) are modeled using circular, hexagonal,
and square geometry for the strut geometry. The effec-
tive elastic modulus of each structure is determined by
the Finite Element Method according to three material
properties. The obtained results are transferred to the
MATLAB software and different equations are created
with the curve fitting method.

2. Material and Method
2.1. Lattice structure design

According to the literature, Octet Truss Lattice models
are frequently used in porous structures. The high load
carrying capacity of the struts, depending on their loca-
tion, is the main reason for often preferred this struc-
tures. In this study, Octet Truss lattice structures were
modeled from struts in circle, hexagonal, and square ge-
ometries. Unit cells modeled at 60%, 70%, and 80% po-
rosity were shown in Fig. 1. The unit cells were dimen-
sioned as 1x1x1 mm3. Porosity (P) calculation was de-
termined by volume (Lei et al. 2020):

Vo—V
Vo

P (%) = 2= x 100 (1)

In Eq. (1), Vo is the total volume of the cubic unit cell,
and V is the volume of the solid part in the lattice unit
cell. Dimension values of unit cells with struts with dif-
ferent geometries were in Table 1.
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Fig. 1. Octet Truss unit cells modeled from struts of different geometry: (a) Circle; (b) Hexagonal; (c) Square.
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Table 1. Dimension values of unit cells
with different geometry struts (a) mm.

Strut Geometry Porosity
60% 70% 80%
Circle 0.2071 0.1734 0.1368
Hexagonal 0.1973 0.1651 0.1303
Square 0.1855 0.1550 0.1220

The porosity value of the unit cells was the ratio of the
available lattice structure volume to the cubic volume in
a unit. Lattice structures were formed in 5x5x5 array
with these unit cells in the x, y, and z directions. The ter-
minology of these lattice structures were included in Ta-
ble 2. The isometric views of the lattice structures were
shown in Fig. 2.

Table 2. The terminology of lattice structure.

Porosity Strut Geometry
Circle Hexagonal Square
60% OctetT(c)-60 OctetT(h)-60 OctetT(s)-60
70% OctetT(c)-70 OctetT(h)-70 OctetT(s)-70
80% OctetT(c)-80 OctetT(h)-80 OctetT(s)-80

2.2. Finite element analysis

The material types used for the lattice structures were
CP-Ti, Ti6Al4V and Stainless Steel 316L, which are com-
monly used in additive manufacturing technology. The
mechanical properties of the materials were listed in Ta-
ble 3.

Fig. 2. Lattice structures in 5x5x5 array: (a) OctetT(c)-60; (b) OctetT(c)-70; (c) OctetT(c)-80; (d) OctetT(h)-60;
(e) OctetT(h)-70; (f) OctetT(h)-80; (g) OctetT(s)-60; (h) OctetT(s)-70; (i) OctetT(s)-80.

Table 3. Mechanical properties of materials (Ma et al. 2020; Xu et al. 2019; Mercer et al. 2022).

Material Elastic Module (GPa) Poisson Ratio
CP-Ti 108.21 0.34
Ti6Al4V 110 0.33
Stainless Steel 316L 200 0.30
Tungsten Carbide (plate material) 600 0.21
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Compression loads were applied to evaluate the me-
chanical properties of lattice structures. Finite element
analysis method was used to determine the mechanical
properties of lattice structures. Accordingly, all lattice
structures were analyzed by compression load simula-
tion using ANSYS Workbench software. As a result of
these analyses, the effective elastic modulus (Eef) values
of each lattice structure were calculated according to
Hooke's law. In Hooke's law (Eq. (2)):

c=EXe¢
AL
£=—
Lo
_ (o _ (oxLg)
Eery = (%) =52 2)

In Eq. (2), 0, Lo, and AL are the applied normal stress
(MPa), the initial length of the model (mm), and direc-
tional deformation (mm), respectively.

Plates were placed at the top and bottom of each lat-
tice structure for these simulations. The contact type be-
tween the plate and lattice structures was chosen as
bonded for all simulations. The bottom plate was defined
to be fixed in the x, y, and z directions. The top plate is
fixed in the x and z directions and movable in the y direc-
tion. Plate geometry was designed as 5x5x1 mm. For the
plates, the type of material with higher mechanical
strength than the defined material was selected. A nor-
mal stress value of 1 MPa in the -y direction was defined
for the loading conditions (Fig. 3).

Tetrahedral elements of 0.12 mm were used for the
mesh size. In the mesh convergence studies, there was
no significant change in mesh sizes below 0.12 mm.
Therefore, the same mesh size was used for the lattice
structures. Mesh convergence analyses were carried out
to achieve more stable results for beam connections and
surfaces in scaffold designs where stress would be con-
centrated. Tetrahedral elements were used to create the
mesh. The mesh quality indicated a value of 0.8784, ac-
companied by a standard deviation of 0.9750. Addition-
ally, the skewness of the mesh was measured to be
0.2136, with a standard deviation of 0.1168. Fig. 4 shows
the mesh structure of the lattice structures for each strut
geometry.

0]

Plate

Scaffold

Plate

Fig. 3. Loading and boundary conditions
of lattice structures.

Fig. 4. Mesh structures of lattice structures with 70% porosity: (a) Circle; (b) Hexagonal; (c) Square strut geometry.

2.3. Statistical analysis

The Statistical analysis was used to determine the de-
gree of influence of the three parameters (strut geometry,
porosity, and material properties) on the effective elastic
modulus of Octet Truss lattice structures. The statistical
methodology used to investigate the observed differences
was the one-way analysis of variance (ANOVA). p<0.05
was considered as a statistically significant difference. In
this analysis, the signal value (S) is the value to be meas-
ured, and the noise value (N) is the effectiveness of the
undesired factors within the measured value. The graphs
of the calculated S/N ratios represent the degree of influ-
ence of any variable parameter used in the analysis. In
addition to the S/N ratio, ANOVA analysis was used to
determine the significance levels of variable parameters
affecting the mechanical properties of the structures.
This analysis was performed with Minitab software.

2.4. Curve fitting application

Curve fitting is a machine learning approach that is of-
ten used in the field of data science. It was used to find the
optimum fit by investigating the correlation between the
dependent and independent variables. The points in the
dataset were also utilized to create a curve-shaped linear
or nonlinear mathematical function. The statistical corre-
lations used for the data analysis are the sum of squared
errors (SSE), R-squared (R?), adjusted Rsquare, and root
mean square error (RMSE). The RMSE approach was used
in the following equation (Eq. (3)) to define the error:

N vy
RMSE = Zi=1(J/1 vi)? (3)
N

where N is the total number of training data, y; is the
data value at time t; ¥, is the predicted value at time ¢:.
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The following equation was used to determine the error
value.

Actual Value—Value Obtained by Curve Fittin
Error Value = ¢ Y 2 x100 (4)

Actual Value

In this study, (X, Y, and Z) were used as input factors.
The data from each lattice structure model for all mate-
rials and porosities were analyzed using MATLAB soft-
ware. For each type of lattice structure, the initial curve
fittings were developed. These curve fittings utilized of
the material's elastic modulus for the X value (108210,
110000, and 200000), the porosity for the Y value (60,
70, and 80), and the measured effective elastic modulus
for the Z value. The second curve fittings were obtained
while taking the materials into account; in this case, the
lattice structure types (Octet Truss-Circle (1), Octet
Truss-Hexagonal (2), and Octet Truss-Square (3)) were
taken into account as "x," "y" values are porosity rates
(60, 70, and 80), and "z" values are effective elastic mod-
ulus values. The third curve fittings took porosity into ac-
count. Therefore, "x" parameter represented different
types of lattice structures (1, 2, and 3), "y" values repre-
sented different elastic modulus (108210, 110000, and
200000), and "z" values represented measurements of
the effective elastic modulus values. Additionally, these
models' functions were constructed in the MATLAB pro-
gramming language as 2nd order polynomials.

3. Results and Discussions

Compression loads for three types of materials were
simulated for Octet Truss lattice structures in different
strut geometries and different porosity. The maximum
von-Mises stress values obtained by finite element anal-
ysis were listed in Table 4. Stress values increased with
increasing porosity for each geometry type.

For same material type in Octet Truss lattice struc-
ture, strut geometry was an effect on stress generation.
At the same porosity ratios, the lowest stress occurred in
square geometries, and the highest stress value occurred
in hexagonal geometry lattice structure. Considering the
effect of strut geometry for Cp-Ti material: There was
27.54% difference between OctetT(s)-60 and OctetT(c)-
60, and 18.78% difference between OctetT(c)-60 and Oc-
tetT(h)-60 for 60% porosity. There was 23.55% differ-
ence between OctetT(s)-70 and OctetT(c)-70, and
20.31% difference between OctetT(c)-70 and OctetT (h)-
70 for 70% porosity. There was 4.75% difference be-
tween OctetT(s)-80 and OctetT(c)-80, and 20.08% dif-
ference between OctetT(c)-80 and OctetT(h)-80 for 80%
porosity. This difference situation was similar for other
material types. The maximum stress values in lattice
structures with the same porosity changed according to
the material type. There was not significant difference
between CP-Ti and Ti6Al4V materials. This was related
to the mechanical properties of these materials close to
each other. Lattice structures with 316L steel material
had relatively lower stresses compared to other materi-
als. This was due to the high elastic modulus of this ma-
terial. The distribution contours of these stress values on
the lattice structures were shown in Fig. 5.

In Octet Truss lattice structures with the same poros-

ity, the directional deformation value was affected by the
strut geometry. Directional deformation occurring in lat-
tice structures with the same porosity was lowest in
square geometries and highest in circle geometries. Con-
sidering the effect of strut geometry for Ti6Al4V mate-
rial: There was 12.26% difference between OctetT(s)-60
and OctetT(h)-60, and 4.29% difference between Oc-
tetT(h)-60 and OctetT(c)-60 for 60% porosity. There
was 8.69% difference between OctetT(s)-70 and Oc-
tetT(h)-70, and 5.75% difference between OctetT(h)-70
and OctetT(c)-70 for 70% porosity. There was 8.61% dif-
ference between OctetT(s)-80 and OctetT(h)-80, and
5.96% difference between OctetT(h)-80 and OctetT(c)-
80 for 80% porosity. These difference ratios could be
considered the same for other materials. Considering the
material effect on directional deformation, a difference
of approximately ~2% was detected for the same poros-
ity ratios for CP-Ti and Ti6Al4V materials. However,
when these two material types are compared with the
316L material, the difference value has increased. So, the
approximate difference between 316L lattice structures
and lattice structures with the same porosity as CP-Ti or
Ti6Al4V material was ~85%. The distribution contours
of the directional deformations in the lattice structures
were shown in Fig. 6.

At the same time, directional deformation (-y) values
of each lattice structure were recorded by the finite ele-
ment analysis (Table 5). The occurrence of directional
deformation increased with increase porosity.

Table 4. von-Mises stresses in lattice structures
according to material type (MPa).

Lattice structure CP-Ti Ti6Al4V 316L
OctetT(c)-60 16.795 16.759 16.678
OctetT(c)-70 25.998 25.959 25911
OctetT(c)-80 43.327 43.314 44.212
OctetT(h)-60 19.949 19.994 20.085
OctetT(h)-70 31.278 31.277 31.269
OctetT(h)-80 52.027 52.383 53.679
OctetT(s)-60 13.168 13.155 13.109
OctetT(s)-70 21.042 21.025 21.025
OctetT(s)-80 41.364 41.692 42.957

Table 5. Directional deformation in lattice structures
according to material type (mm).

Lattice structure CP-Ti Ti6Al4V 316L
OctetT(c)-60 393.75E-6 387.76 E-6 208.54 E-6
OctetT(c)-70 647.98 E-6 638.10 E-6 344.81 E-6
OctetT(c)-80 1182.80 E-6 1164.70 E-6 631.77 E-6
OctetT(h)-60 377.42 E-6 371.80 E-6 201.05E-6
OctetT(h)-70 612.59 E-6 603.42 E-6 327.41E-6
OctetT(h)-80 1116.10 E-6 1099.20 E-6 596.96 E-6
OctetT(s)-60 336.42 E-6 331.20 E-6 178.31 E-6
OctetT(s)-70 563.94 E-6 555.19 E-6 300.24 E-6
OctetT(s)-80 393.75 E-6 387.76 E-6 208.54 E-6
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Fig. 5. Distribution contours of these von-Mises stress values on the lattice structures.
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The effective elastic modulus of the lattice structure
was calculated according to Hooke's law. Calculations
were performed according to the directional defor-
mation values listed in Table 5. The graphs of the effec-
tive elastic modulus of the lattice structures grouped by
material type were shown in Fig. 7. Lattice structures
with CP-Ti and Ti6Al4V materials had effective elastic
modulus close to each other. Among lattice structures of
the same strut geometry and porosity, Ti614V lattice
structures had as much as 1.5% greater elasticity than
CP-Ti. 316L stainless Steel lattice structures had the

CP-Ti

o (MPa)

E

highest effective elastic modulus in this material group.
Compared to Cp-Ti and Ti6Al4V lattice structures, it had
approximately 85% more elastic modulus. This was due
to the lattice structures were inversely proportional to
the directional deformation. According to the defor-
mations listed in Table 5, the lowest values belonged to
the lattice structures with 316L material. This was a
clear indication that the mechanical properties of the
materials were an influential parameter for mechanical
performance in porous structures.

Ti6Al4V
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Fig. 7. Effective elastic modulus of Octet Truss lattice structures
with different strut geometry, determined by material type.

As the porosity of the lattice structures increased, a
decrease was observed in the mechanical behavior due
to the reduced cross-sectional area of the structures
(Maskery et al. 2018). This was known with the results
of experimental and numerical analyzes applied in stud-
ies (Guinther etal. 2022; Park et al. 2022; Bai et al. 2020).
Load-bearing areas decreased as porosity increased and
structural volume decreased (Zao et al. 2018). This was
clearly seen in Octet Truss lattice structures in different
geometries. The effective elastic modulus decreased for
each type of strut geometry with increasing porosity
from 60% to 80%. This decrease occurred at approxi-
mately the same rates for each strut geometry. A reduc-
tion of approximately ~39% compared to 60% lattice
structures at 70%, and approximately ~45% reduction
at 80% compared to 70% lattice structures was deter-
mined.

It was noted that the strut geometry is an effective pa-
rameter for the effective elastic modulus. So, the values
with the same porosity for a material type were confir-
mation of this. The effective elastic modulus value of the

lattice structures with the same porosity ratios was the
lowest in the circle geometry and the highest in the
square geometry. The different values caused by the
strut geometries had approximately the same rate of
variation for the three material types. Considering the ef-
fect of strut geometry for 316L material: There was an
increase 3.73% between OctetT(c)-60 and OctetT (h)-60,
and an increase 12.75% between OctetT(h)-60 and Oc-
tetT(s)-60 for 60% porosity. There was an increase
5.31% between OctetT(c)-70 and OctetT(h)-70, and an
increase 9.05% between OctetT(h)-70 and OctetT(s)-70
for 70% porosity. There was an increase 5.83% between
OctetT(c)-80 and OctetT(h)-80, and an increase 8.83%
between OctetT(h)-80 and OctetT(s)-80 for 80% poros-
ity.

As it could be understood from the results obtained
by numerical analysis, the strut geometry, porosity, and
material type parameters affected the mechanical per-
formance of the lattice structures at different rates. Sta-
tistical analysis results were given in Fig. 8 to under-
stand the degree of influence of the three parameters. A
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residual error of 0.02% was found in generating the S/N
ratio charts. For Octet Truss lattice structures, strut ge-
ometry, porosity and material type parameters had
1.27%, 68.85% and 29.86% effects on the mechanical
performances of the lattice structures, respectively. In
this statement, the signal value (S) is the value to be
measured, and the noise value (N) is the effectiveness of

the undesired factors within the measured value. The
graphs of the calculated S/N ratios represent the degree
of influence of any variable parameter used in the analy-
sis. In addition to the S/N ratio, ANOVA analysis was used
to determine the significance levels of variable parame-
ters affecting the mechanical properties of the structures.
This analysis was performed with Minitab software.

Strut Geomety

Porosity

Material Type

90

84.53

Mean of SN Ratios

70 T T T

Circle Hexagonal Square 60%

T T

70% 80%

CP-Ti Ti6Al4V  316L

Fig. 8. Effect of strut geometry, porosity and material type parameters
on effective elastic modulus for Octet Truss lattice structures.

The effective elastic modulus values were inputted
into the MATLAB program in order to create a correlation
between results. The equations for each lattice structure
were generated using the curve fitting technique in the
MATLAB program, considering consideration of all mate-
rials and porosities. The following equations and R
squared values for each lattice structures were shown in

Table 6 when the "x" value is taken as the elastic modu-
lus of materials (MPa) and the "y" value is taken as po-
rosity rates (%). These curve fitting findings were repre-
sented graphically in Fig. 9. Table 6 provides equations
that are used to calculate the effective elastic modulus of
lattice structures depending on the material's elastic
modulus value and the desired amount of porosity.

Table 6. Curve fitting analysis results in terms of lattice structure type.

Lattice structure type Curve fitting equation R-square
Octet Truss-Circle fi(x,v,2) = (4736 E + 4) + 0.3415 x + (—1351) y + (8.857 E — 8) x% + (—0.00414) x y + 9.83 y? 0.9993

Octet Truss-Hexagonal  f,(x,y,z) = (4.518 E + 4) + 0.3465 x + (—1272) y + (9.949 E — 8) x* + (—0.004214) x y + 9.218 y? 0.9994
Octet Truss-Square f3(x,v,2) = (6.296 E + 4) + 0.4059 x + (—1809) y + (8.561 E — 8) x* + (—0.004867) x y + 13.11 y? 0.9991

x10*
F

25

Effective Elastic Modulus(MPa)

70
65

Porosity(%) 60

1

Octet
Truss-Square

Octet
Truss-Hexagonal

Truss-Circle

2
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1.4
1.2

Fig. 9. The graphics of curve fitting results for each lattice structure models.
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Equations were developed for the second analysis
based on the elastic modulus of each material. For each
material, "x" and "y" variables representing lattice struc-
ture types and porosities were accepted in these studies.
Table 7 provides the curve-fitting formulae and R-

squared values in accordance with the results. Addition-

ally, graphs invented of MATLAB curve fitting formulae
for each material attribute were provided in Fig. 10. With
the lattice structure type and the desired amount of po-
rosity entered into the formulae found in Table 7, it will
be feasible to determine how much effective elastic mod-
ulus lattice structures will possess.

Table 7. Curve fitting analysis results in terms of material properties.

Elastic modulus of materials Curve fitting equation R-square
316L 91(%,y,2) = (1419 E + 5) + 4136 x + (—2918) y + 528 x2 + (=71.6) x y + 15.74 y2 0.9989
CP-Ti 9:(%,y,2) = (7411 E + 4) + 2362 x + (—1519) y + 242.5 x% + (—38.19) x y +8.151y%>  0.9991
Ti6A14V gs(x,y,2) = (7.525 E + 4) + 2391 x + (—1542) y + 250 x? + (—38.87) x y + 8.276 y* 0.9991
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Fig. 10. The graphics of curve fitting results for each material properties.

In the end, the "x" and "y" parameters represent the
various types of lattice structures and the elastic modu-
lus of materials, respectively. As a result, each porosity's
results were investigated independently. The curve fit-
ting equations and R-squared values for each porosity
were provided in Table 8 below. Additionally, the graphs

obtained by these curve-fitting equations were shown in
Fig. 11. By choose the lattice structure type and the elas-
tic modulus of the material to be design according to the
equations in Table 7, the effective elastic modulus values
of the lattice structure will be determined.

Table 8. Curve fitting analysis results in terms of porosities.

Porosity Curve fitting equation R-square
60% hy(x,y,2) = 5232 + (—2997) x + 0.06382 y + 739.8 x* + 0.01035 x y + (1.508 E — 08) y? 0.9994
70% hy(x,y,z) = 2164 + (—=775.1) x + 0.04259 y + 189.9 x% + 0.00546 x y + (18.184 E — 08) y* 0.9998
80% hy(x,y,2) = 1092 + (—=377.9) x + 0.0242 y + 90.83 x* + 0.003075 x y + (4.097 E — 08) y? 0.9999

Tables 6, 7, and 8 show that the equations have R-
square values of more than 0.99. The term with a low de-
gree of effect compared to the others could be removed
from these equations. So that results could be obtained
with simpler equations. Since this affects the R2 values of
the equations, the equations presented in the study were
given with all the details. These figures show that the

data used to create the graphs was sufficiently similar to
each other. This finding was supported by a closer look
at the current study's reaction surface plots (Karaman et
al. 2022). These investigations also provide researchers
with a reliable mathematical model to estimate these pa-
rameters of the input and output for any response value
before executing actual tests.
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Fig. 11. The graphics of curve fitting results for each porosity.

4., Conclusions

In this study, the effects of strut geometry, porosity,
and material type on the mechanical performance of lat-
tice structures were numerically investigated. The po-
rosities of circular, hexagonal, and square Octet Truss
lattice structures were modeled at 60%, 70%, and 80%,
respectively. A total of 27 numerical analyzes were per-
formed with three different material types. As a result of
the analyses, the effective elastic modulus of the lattice
structures were determined according to Hooke's law. It
was determined by ANOVA analysis that the strut geom-
etry, porosity and material type parameters had 1.27%,
68.85% and 29.86% effects on the mechanical perfor-
mances of the lattice structures, respectively. In accord-
ance with the curve fitting technique used for the data
produced by finite element analysis, three kinds of poly-
nomial 2nd-order curve equations were developed. A to-
tal of nine equations were found, and their R-square val-
ues exceeded 0.99. Using two desirable constant values
and the nine equations that were found, the effective
elastic modulus could be determined. For the engineer-
ing industries, especially in the biomedical engineering
application, the accuracy of the correlations found for
each curve equation was satisfactory. Since there are
several options for the geometric and mechanical char-
acteristics of the structure, these curve equations are a
reliable tool in design and manufacture planning for a
quick manufacturing process.
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