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In order to determine the mechanical properties of materials
according to certain standards, numerical analysis methods are
frequently used in addition to experimental studies. In this study,
the compressive strength test was numerically modeled in a
computer environment according to the ASTM D695-15
standard. Analyses were carried out by defining structural steel
material for the plate designed with the specified standard
dimensions and 1 mm thickness. In the numerical analysis, two
different loading types, force and displacement, were examined.
Numerical analyzes were carried out in a total of twelve different
situations by applying 2, 4, 6, 8, 10 and 12 N compressive forces
in the analyzes where force load (FL) was applied, and 1, 2, 3, 4,
5 and 6 mm compressive displacements in the analyzes where
displacement load (DL) was applied. The effects of different
loading types and different loading intensities on the
compressive strength of the test specimen were investigated. In
all analyses where FL and DL were defined, it was determined
that as the FL and DL intensity increased, the stresses and total
deformation on the test specimen also increased.
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Malzemelerin belirli standartlara gére mekanik 6zelliklerinin
belirlenmesi amaciyla deneysel ¢aligmalarin yaninda sayisal
analiz yontemleri de siklikla kullanilmaktadir. Bu ¢aligmada,
basing dayanimi testi ASTM D695-15 standardina gore
bilgisayar ortaminda sayisal olarak modellenmistir. Belirtilen
standart Olciilerinde ve 1 mm kalinliginda tasarlanan levhaya
yapisal celik malzeme tanimlanarak analizler
gerceklestirilmistir. Sayisal analizlerde kuvvet ve deplasman
olmak {izere iki farkli yiikleme tipi incelenmistir. Kuvvet yiiki
(FL) uygulanan analizlerde 2, 4, 6, 8, 10 ve 12 N basma
kuvvetlerinin, deplasman yiikii (DL) uygulanan analizlerde ise
1,2, 3, 4,5 ve 6 mm basma deplasmanlarinin uygulanmasiyla
toplam  oniki farkli  durumda sayisal  analizler
gerceklestirilmistir. Farkli yiikleme tipi ve farkli yiikleme
siddetlerinin test numunesinin basing dayanimi {izerindeki
etkileri aragtirnlmigtir. FL ve DL tanimlanan tiim analizlerde FL
ve DL siddetinin artmasiyla, test numunesi tzerindeki
gerilmelerin ve toplam deformasyonun da arttig1 belirlenmistir.
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1. INTRODUCTION

In recent years, software that works with the finite element method is frequently used to evaluate the
mechanical properties of materials and determine the behavior of machine components under various loads.
One of the most commonly used software for determining the mechanical behavior of materials through
the finite element method is Ansys. The Ansys software contains many modules, and some of the modules
used for determining mechanical behaviors include Composite PrePost, Explicit Dynamics, and Static
Structural. By using these modules, numerical analyses can be conducted by defining the loads acting on
machine components, or by modeling the relevant test standards to determine the mechanical behaviors of
materials through numerical analysis. The literature contains many standards for determining the
mechanical properties of materials, one of which is the ASTM D695 compression strength test standard.
This standard involves testing specimens with specific cross-sectional profiles (circular section, square
section) to determine the compression strength of materials, as well as testing plates of the specified
dimensions (Figure 2) using the relevant test equipment (Figure 1). Numerous studies have been conducted
in the literature using both of these methods separately for compression strength testing.

In the literature, many studies have been conducted using test specimens with specific cross-sectional
profiles for compression strength testing, some of which are provided here. Dwivedi et al. [1] investigated
the parameters affecting the mechanical properties of 3D printed PLA+ diamond lattice structures. They
tested the effects of various factors on compressive strength and energy absorption. Additionally, by using
nature-inspired machine learning algorithms, they improved the accuracy of model predictions. As a result,
they identified cell size as an important factor for compressive strength. Vidakis et al. [2] investigated the
effects of seven control parameters on the energy consumption and mechanical properties of PLA samples
produced with a 3D printer. In the experiments, they tested parameters such as energy consumption,
production time, and compressive strength. They found that printing speed and layer thickness are the most
significant factors affecting energy consumption, while infill density and orientation angle have an impact
on compressive strength. Claudio et al. [3] investigated the behavior of PLA material under compression.
They experimentally determined the effects of printing parameters on the compressive behavior of PLA
samples. They found that compressive strength is directly proportional to density, while no such
relationship was found for fatigue. Johri et al. [4] performed finite element modeling of natural fiber-
reinforced polymeric hybrid composites. They modeled jute fabric using Texgen and calculated the elastic
constants. They found that the mechanical properties they calculated showed a low deviation when
compared to experimental data. As a result, they concluded that chicken feather fiber reduces density, while
jute fiber enhances mechanical durability. Pernet et al. [S] examined the mechanical behavior and the
economic and environmental benefits of different infill patterns. Through compressive tests using 14
different infill patterns, they analyzed the relationships between load and weight. In their study, they
provided comprehensive information on mechanical properties for product design and manufacturing.
Additionally, the study identified opportunities for more robust infill pattern designs for additive
manufacturing. Selvamani et al. [6] investigated the bending and compressive properties of rice-reinforced
PLA composites. They conducted bending and compression tests according to ASTM standards and
analyzed the effects of different infill patterns and compositions using response surface methodology. As a
result, they found that a 15 wt% rice content provided better properties, while a 70 wt% rice content created
lower interlayer adhesion energy. Additionally, they identified concentric and grid patterns as the best
printing patterns for bending and compression properties. Subramaniyan et al. [7] investigated the use of
PLA and its composites for producing sandwich structures. They focused on the environmental friendliness
of PLA and its performance. They explored the compressive properties of 3D printed sandwich structures
and methods to improve the mechanical properties. Srinivasan et al. [8] studied the effects of hygrothermal
aging on the performance of glass fiber reinforced IPN composites. They aged samples containing
polyurethane and vinylester by exposing them to water at different temperatures. The tests showed that
temperature and aging time slightly reduced the strength of the GFRP tubes. Additionally, they found that
as the proportion of PU prepolymer increased, the geometric structure of the samples was maintained.
Morales et al. [9] investigated the effect of interlayer waiting times on the mechanical properties of ABS
structures produced by 3D printing. They found that increasing the waiting time between layers led to a
reduction in both compressive and shear strength. The study concluded that greater care should be taken
when selecting print settings, as printing processes requiring additional time could negatively affect the
mechanical strength. Vidakis et al. [10] examined the compressive strength of ABS and ABS plus parts
produced with different manufacturing parameters. They experimentally revealed the durability differences
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between ABS and ABS plus. They found that ABS parts produced with a larger layer thickness showed
lower compressive strength, while ABS plus parts exhibited higher durability.

In the literature, many studies have been conducted where plates of the dimensions specified in the relevant
standard are tested using the appropriate testing apparatus for compressive strength tests, and some of these
studies are presented here. Cocchi et al. [11] used flat hourglass-shaped specimens to evaluate the
compressive behavior of FRP. The hourglass shape reduces stress concentration by ensuring damage occurs
at the center. They assessed the specimens using four-point bending and ASTM D695 compression tests on
E-glass/epoxy and carbon/PEEK composite materials. Haseebuddin et al. [12] examined the mechanical
properties of polyester composites reinforced with different percentages of PET flakes. They found that as
the PET flake percentage increased up to 15%, the hardness increased, the composite with 10 % PET flakes
exhibited the maximum tensile strength, and the composite with 5 % PET flakes showed the maximum
compressive strength. They studied the fracture morphology using scanning electron microscopy. As a
result, they demonstrated that the PET flake percentages had a significant impact on the mechanical
properties. Squires et al. [13] investigated the compressive strength of unidirectional carbon fiber by
examining preparation and configuration variables. They measured compressive strength using the ASTM
D 695 M test method and conducted damage evaluations using SEM microscopy. The results showed that
the quality of specimen preparation was a significant factor influencing the damage mechanism. They
demonstrated that the preparation quality directly affected the compressive strength.

In this study, the compressive strength test was numerically modeled in a computer environment according
to the ASTM D695-15 standard. Numerical analyses were carried out in the “Explicit Dynamics” module
of the Ansys Workbench R19.2 program. Structural steel material was defined for the plate designed with
standard dimensions (Figure 2) and 1 mm thickness, and the analyses were performed. Two different
loading types, force and displacement, were examined in the numerical analyses. In the FL applied analyses,
six different compressive forces (2 N, 4 N, 6 N, 8 N, 10 N, and 12 N) and in the DL applied analyses, six
different compressive displacements (1 mm, 2 mm, 3 mm, 4 mm, 5 mm, and 6 mm) were applied, resulting
in a total of twelve different cases for the numerical analyses. The effects of different loading types and
loading intensities on the compressive strength of the test specimens were investigated. As it is known,
ASTM D695-15 standard is defined for rigid plastic materials. In this study, instead of plastic material,
Structural steel material was selected from the Ansys Workbench R19.2 program “Explicit Materials”
library, which can be easily found in the market, to perform the test when necessary. The aim of this study
is to determine the necessary parameters for the numerical analysis of the compression test in the Ansys
Workbench R19.2 program in accordance with the ASTM D695-15 standard. Our next study will be to
supply the necessary apparatus and perform the tests for the application of the ASTM D695-15 standard in
the compression test device. In this way, the verification of the experimental and numerical studies can be
done. Afterwards, it is planned to perform the tests and numerical analyzes of plastic and composite
materials according to the ASTM D695-15 standard using the obtained data and determined parameters.

2. MATERIALS AND METHOD

The ASTM D695-15 [14] compressive strength test rig generally consists of support jigs, the test specimen,
and the heads of the compressive test machine (Figure 1).

Testing machine head

Fae

Figure 1. ASTM D695 compressive strength test rig [15]
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In order to perform numerical analyses, firstly, the solid model designs of the schematic support jig created
using the surfaces of the test specimen and support jigs in contact with the test specimen were performed
in the SolidWorks 2018 program (Figure 2). Assembly designs consisting of the test specimen and
schematic support jigs were made. Only the parts of the support jigs shown in Figure 1 that are in contact
with the test specimen were designed to be used in analyses, and each surface of these elements was given
a thickness of 0.4 mm. As seen in Figure 2, at the beginning of the test, there was a test distance of 6.4 mm
between the upper surface of the test specimen and the upper surface of the schematic support jig.

127 Test specimen

Figure 2. Solid model used in numerical analysis

The designed solid model (Figure 2) was transferred to the “Explicit Dynamics” module in the Ansys
Workbench R19.2 program. Structural steel material definition was made for all elements in the analysis
design. The structural steel material properties used in the analysis were given in Table 1. Afterwards,
frictionless contact relations were defined between the front and back surfaces of the test specimen and the
relevant surfaces where the support jigs was in contact. In this way, the test specimen was able to move
between the support jigs when necessary under the effect of the compression load.

Table 1. Structural steel material properties

Density 7.85 g/em?
Young’s modulus 200 GPa
Tensile yield strength 250 MPa
Tensile ultimate strength 460 MPa

The mesh properties used in the numerical analyses were given in Table 1. The mesh image of the test
specimen and support jigs created using the properties specified in Table 1 was shown in Figure 3 together
with the detailed image.

Table 2. Mesh properties

Body sizing - Element size - Test specimen 1 mm
Body sizing - Element size — Support jigs 0.4 mm
Hex dominant method — Support jigs All quad
Max. Skewness 0.25244
Min. Orthogonal Quality 0.925
Number of nodes 9664
Number of elements 3153
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10,00

(a) Mesh image (b) Mesh detail image
Figure 3. Mesh images

In the numerical analysis, all surfaces of the schematic support jigs and the bottom surface of the test
specimen were selected and the fixed support boundary condition was defined (Figure 4). In the numerical
analyses applied to FL, force and displacement boundary conditions were defined on the upper surface of
the test specimen (Figure 4a). In the displacement boundary condition, the upper surface of the test
specimen was fixed (0 mm) in the X and Z axes and left free in the Y axis. In the force boundary condition,
no force (0 N) was defined on the upper surface of the test specimen in the X and Z axes, and six different
numerical analysis were performed by applying compressive forces of 2 N, 4 N, 6 N, 8 N, 10 Nand 12 N
in the negative direction in the Y axis. In the numerical analyses applied to DL, a displacement boundary
condition was defined on the upper surface of the test specimen (Figure 4b). In the displacement boundary
condition, the upper surface of the test specimen was fixed (0 mm) in the X and Z axes, and six different
numerical analysis were performed by applying compressive displacements of 1 mm, 2 mm, 3 mm, 4 mm,
5 mm and 6 mm in the negative direction in the Y axis. All numerical analyses were performed using a end
time of 0.02 s. As a result of numerical analysis, the stress and deformation behaviors of the test specimen
under compressive loads at different forces and different displacements were investigated.

@ Displacerent

N \] Y

20,00{mm}) ‘/I\ ) - 20,00{mm}) ZA
[——=T=7) 7 X [ — 1 X

10,00 10,00

(a) Force load (b) Displacement load
Figure 4. Boundary conditions images used in numerical analysis
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3. RESULTS AND DISCUSSION

Equivalent Von Mises stress contour images obtained from numerical analyses performed under different
compressive forces by defining FLL were shown in Figure 5. When the figure was examined, it was seen
that the stresses on the test specimen increase as the applied force increases. It was determined that the test
specimen did not suffer buckling damage in the analyses performed with 2 N, 4 N and 6 N compression
forces, some buckling occurred in the analyses performed with 8 N and 10 N compression forces, and the
test specimen was completely deformed in the analyses performed with 12 N compression force. In the
analyses where buckling occurs, it was seen that the buckling occurs in the middle region of the test
specimen. There is some opening in the middle regions of the support jigs used in the compressive strength
test, and the test mechanism ensures that buckling occurs in this region.

Torme: La- 000
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Figure 5. Equivalent stress images obtained from numerical analysis where force load is defined

Total deformation contour images obtained from numerical analyses performed under different
compression forces by defining FL were shown in Figure 6. When the figure was examined, it was seen
that the total deformation on the test specimen increases with the increase in the applied force. In the
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analysis performed with 4 N compression force, it was observed that some compression deformation begins
in the middle region of the test specimen, in the analysis performed with 6 N compression force, the
compression deformation in the middle region spreads to the entire section, and in the analysis performed
with 8 N compression force, buckling begins in the middle region. In the analyses performed with 8 N and
10 N compressive forces, it was determined that the highest total deformation occurred in the middle regions
of the test specimen, and in the analyses performed with 12 N compressive force, the highest total
deformation occurred in the upper part of the test specimen. In fact, it is not expected that a force of 12 N
would cause such a deformation in the structural steel material in the specified cross-sectional area. It can
be said that this deformation damage occurred due to reasons such as the low thickness of the compression
test specimen, the material being forced to buckle rather than to compress due to the gap in the middle area
of the test apparatus, and the formation of a high-speed impact effect in the analysis as a result of the
analysis time of 0.02 s determined in the boundary conditions of the maximum deformation occurring in
the analysis.
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Figure 6. Total deformation images obtained from numerical analysis where force load is defined
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Equivalent Von Mises stress contour images obtained from numerical analyses performed under different
compressive displacements by defining DL were shown in Figure 7. When the figure was examined, it was
seen that the stresses on the test specimen increase with the increase in the applied displacement. It was
determined that buckling damage occurred in all of the different compression displacements applied, that
the amount of buckling increased as the amount of displacement increased, and that the buckling occurred
in the middle regions of the test specimen.
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Figure 7. Equivalent stress images obtained from numerical analysis where displacement load is defined

Total deformation contour images obtained from the numerical analyses performed under different
compression displacements by defining DL were shown in Figure 8. When the figure was examined, it was
seen that the total deformation on the test specimen increases with the increase in the applied displacement.
In the analyses performed with 1 mm, 2 mm and 3 mm compression displacements, it was determined that
the highest total deformation occurred in the middle regions of the test specimen, and in the analyses
performed with 4 mm, 5 mm and 6 mm compression displacements, it was determined that the highest total
deformation occurred in the upper part of the test specimen.
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Figure 8. Total deformation images obtained from numerical analysis where displacement load is defined

The result graphs obtained from the numerical analysis performed by defining FL. and DL were shown in
Figure 9. When the maximum equivalent stress (MES) — time graph obtained from the numerical analysis
performed by defining FL was examined (Figure 9a), it was determined that the MES values of the test
specimens increased with the increase in the applied compressive force, and that the test specimens
exhibited creep behavior at this value for a while after reaching certain MES values. It was observed that
in the analyses performed with 2 N, 4 N and 6 N compressive forces, the analyses were terminated after the
test specimen has creeped to some extent, and in the analyses performed with 8§ N, 10 N and 12 N
compressive forces, the analyses were terminated with the rapid increase in the MES values after the test
specimen has creeped to some extent. When the maximum total deformation (MTD) — time graph obtained
from the numerical analysis performed by defining FL was examined (Figure 9b), it was determined that
the MTD values of the test specimens increased with the increase in the applied compression force. In the
analyses performed with all compression forces, it was observed that the increase in the MTD values of the
test specimens initially remained low for a while, and then the increase in the MTD values gradually reached
higher values. When the MES — time graph obtained from the numerical analysis performed by defining
DL was examined (Figure 9c), it was seen that the MES values of the test specimens increase with the
increase in the applied compression displacement, yielding occurs after the test specimens reach certain
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MES values, and the test specimens undergo plastic deformation after this region. When the MTD — time
graph obtained from the numerical analysis performed by defining DL was examined (Figure 9d), it was
determined that the MTD values of the test specimens increased with the increase in the applied
compressive displacement. It can be said that in the analyses performed with all compression displacements,
the MTD values of the test specimens increased with a somewhat linear behavior depending on time.
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Figure 9. Results graphs obtained from numerical analysis

4. CONCLUSION

In this study, the compressive strength test was numerically modeled in a computer environment according
to the ASTM D695-15 standard. The effects of different force (2 N,4 N, 6 N, 8 N, 10 N, 12 N) and different
displacement (1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm) loads applied in numerical analysis were
investigated on the compressive strength of the test specimen. The results obtained from the study were
listed below.

In the numerical analyses performed under different compression forces by defining FL, it was determined
that;
- as the applied force increases, the stresses and total deformation on the test specimen also increase,
- in the analyses performed with 2 N, 4 N and 6 N compression forces, the test specimen did not suffer
buckling damage,
- in the analyses performed with 8 N and 10 N compression forces, some buckling occurred,
- in the analysis performed with 12 N compression force, the test specimen was completely deformed,
- in the analysis performed with 4 N compression force, some compression deformation started in the
middle region of the test specimen,
- in the analysis performed with 6 N compressive force, the compressive deformation in the middle
region spread to the entire section,
- in the analysis performed with 8 N compression force, buckling started in the middle region,
- in the analyses performed with 8 N and 10 N compression forces, the highest total deformation
occurred in the middle regions of the test specimen,
- in the analysis performed with 12 N compression force, the highest total deformation occurred in
the upper part of the test specimen.
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In the numerical analyses performed under different compression displacements by defining DL, it was
determined that;

- as the applied displacement increases, the stresses and total deformation on the test specimen also
increase,

- buckling damage occurred at all applied different compression displacements,

- as the amount of displacement increases, the amount of buckling also increases,

- in the analyses performed with 1 mm, 2 mm and 3 mm compression displacements, the highest total
deformation occurred in the middle regions of the test specimen,

- in the analyses performed with 4 mm, 5 mm and 6 mm compression displacements, the highest total
deformation occurred in the upper part of the test specimen.
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