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Abstract: Plastics, or more precisely, polymers, have been utilized as construction materials for numerous decades. The broad range
of plastic types results in a vast array of physical properties, consequently yielding a wide spectrum of practical applications. Significant
advancements in materials engineering, manufacturing technology, and structural design call for the continuous enhancement
of experimental research methods and the exploration of domains that are often regarded as conventional or standardized. The prevailing
method for evaluating the mechanical properties of plastics is the static tensile test, which is conducted in accordance with established
standards that meticulously delineate the test conditions and specimen preparation methodologies. While static tensile test results furnish
valuable information, integrating them with dynamic test results facilitates a more precise evaluation of the structural material under
examination. The objective of this study was to conduct a comprehensive investigation of the mechanical properties of film made
of low-density polyethylene (LDPE) subjected to static and dynamic loads, thereby enabling the formulation of more comprehensive
conclusions about the tested plastic. The methodology entailed conducting experimental static and dynamic tests on samples of recycled
LDPE film from this plastic. The experimental results obtained were used to develop a series of mechanical characteristics based on energy
relationships. The integration of the outcomes from static tests with impact tests at varying strain rates and impact energies resulted in the
identification of several pivotal indices and characteristics. The developed material and structure diagnostic indicators are imperative
for future endeavors involving the utilization of LDPE and other unconventional materials as structural materials, particularly in structures
designed for controlled mechanical energy dissipation. In summary, a comprehensive understanding of the mechanical properties
of materials such as plastics is essential for optimizing their use in specific engineering applications. One critical area where static and
dynamic material properties are essential is human safety. Protective measures, including helmets, harnesses, safety belts, and energy-
absorbing mats, depend on precise knowledge of material properties.

Key words: LDPE polymer, Low Density Polyethylene, static mechanical properties, force pulse, LDPE dynamic properties, mechanical
energy dissipation, LDPE mechanical properties, mechanical state of the LDPE

1. INTRODUCTION tools, and toys. A notable advantage of LDPE is its recyclability,
although it should be noted that indefinite reprocessing is not fea-
sible. Moreover, LDPE's capacity for energy absorption, which is a
consequence of its mechanical properties, renders it a valuable ma-
terial in the design and manufacture of equipment intended to safe-
guard health and safety from shock loads (Drane et al. [22]). Such
equipment includes bumpers, impact absorbers, helmet linings,
and energy-absorbing mats, to name a few. LDPE polymer is ex-
tensively utilized in the packaging industry, where its impact-re-
sistance is crucial for safeguarding fragile products during storage.
Additionally, LDPE polymer is a plastic that can be efficiently pro-
cessed via automated methods, making it well-suited for high-vol-
ume production scenarios. This characteristic contributes to a re-
duction in unit production costs. LDPE Polymer is distinguished by
its favorable elastic properties and capacity for energy storage. The
advantages of LDPE also include favorable properties related to the
release of strain energy stored during deformation. However, it is
important to note that the LDPE polymer exhibits a lack of re-
sistance to high temperatures and shear loads. A substantial body
of literature exists that details the modification of LDPE plastics
through the addition of various substances, aiming to tailor the final
product's properties. Research is ongoing into the development of
composites with LDPE and their mechanical properties. In a related

From the perspective of their applications in mechanical struc-
tures, polymers exhibit a broad spectrum of mechanical properties,
which undoubtedly contributes to their widespread use in engineer-
ing practice. A plethora of standards exist that specify mechanical
testing methods for polymers. These include standards for foil test-
ing (PN-EN 1SO 527-3:2019-01), static testing of polymers (PN-EN
ISO 527-1:2020-01), bending tests (PN-EN I1SO 178:2019-06), and
impact testing of thermoplastic pipes (PN-EN I1SO 3127:2017-12).
These standards detail the preparation of specimens and the pro-
cedures for conducting tests under various loading, deformation,
and environmental conditions. Notwithstanding substantial pro-
gress in the domain of testing apparatus and methodologies, the
pursuit of novel quantitative indicators remains imperative to facili-
tate a more objective evaluation of a material's mechanical proper-
ties. The present study offers the results of tests conducted on films
fabricated from Low-Density Polyethylene (LDPE), a material de-
rived from recycled resources. LDPE boasts a wide range of appli-
cations and is frequently utilized in various products, particularly in
the food industry and transportation sectors. Examples of such
products include bags, containers, pipes, hoses, ropes, bottles,
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study, Sailaja et al. [10] examined the mechanical properties of bi-
odegradable blends of LDPE and cellulose acetate phthalate. The
researchers conducted a series of fundamental mechanical prop-
erty tests to assess parameters such as tensile strength and longi-
tudinal modulus of elasticity.

Barbosa and Catelli de Souza [1] performed tests on plastic
formed from Surlyn® industrial waste ionomer mixed with LDPE,
evaluating mixtures with varying percentages of the two compo-
nents. The researchers assessed the melt flow index (MFI) and
morphology (SEM), in addition to mechanical properties through
tensile, bending, and impact tests. Furthermore, thermal tests of the
prepared mixtures were conducted, encompassing DSC, TGA, and
HDT analyses. It was observed that the incorporation of ionomer,
in conjunction with LDPE, led to an enhancement in tensile and
flexural strength, as well as tensile and flexural modulus values and
strain at break. Conversely, an increase in ionomer concentration
has been observed to result in a decline in impact strength.

Itis evident that plastic waste management is a pressing issue.
The potential for creating new plastics from recycled materials pre-
sents a promising avenue. However, it is imperative to conduct ex-
tensive testing to ascertain the properties of these novel materials,
as they have the potential to fulfill a wide range of applications. A
more profound comprehension of the mechanical properties of
these materials can facilitate more precise material selection for
specific operational conditions.

In a study by Kismet et al. [2], three distinct electrostatic waste
thermosetting powder coatings were utilized as fillers in low-density
polyethylene (LDPE). Subsequent to the fabrication of the compo-
site material, a series of evaluations were conducted to ascertain
its mechanical, thermal, and morphological properties. The compo-
site compositions included powder waste coatings in the propor-
tions of 10%, 20%, and 30%, respectively. The injection molding
method was employed to create rod specimens for tensile tests,
with plate-shaped specimens also utilized. An energy intensity
study of the prepared composite specimens was conducted, and
the results were compared with those of pure LDPE specimens. For
pure LDPE, the highest energy absorption occurred during low-
speed impacts. Efforts were made to enhance the impact and flex-
ural strength of LDPE composites containing deactivated powder
paint waste.

Sirin et al. [3] investigated the effects of various organic perox-
ides on selected types of LDPE, including F2-21T, F5-21T, and 122-
19T, mixed in varying percentages with dialkyl, dibenzoyl, and di-
lauroyl peroxides. The experimental tests conducted in this study
yielded critical insights into the mechanical properties of the result-
ing plastics, encompassing stress-strain characteristics, tensile
strength at break, and elongation at break.

Persic et al. [4] prepared composites of LDPE with iron oxide
hematite particles, demonstrating superior physical properties com-
pared to pure LDPE. Mechanical property tests were conducted un-
der static conditions to evaluate tensile strength and elongation at
break. Dwivedi et al. [5] proposed a composite with sisal fiber
coated in LDPE. The coated fibers were utilized as the material for
composites with varying weight percentages of sisal fibers. Signifi-
cant increases in strength and abrasion resistance were observed
based on strength tests. Dynamic properties were assessed
through three-point bending tests, revealing that the elastic modu-
lus (E") and loss modulus (E") values were lower for the tested com-
posites compared to pure LDPE and sisal fibers alone.

Barabaszové et al. [6] presented results on an LDPE nanocom-
posite with ZnO/V and ZnO/V_CH nanofillers, indicating its poten-
tial application as a medical material. Mechanical properties such

acta mechanica et automatica, vol.19 no.2 (2025)

as hardness and Vickers microhardness were determined, along-
side friction coefficient tests that demonstrated reduced wear. Anti-
microbial tests further suggested beneficial medical properties of
both fillers used.

In preparation for the extrusion process, Janik [7] developed a
composite of polymer blends of poly(butylene terephthalate) (PBT)
and LDPE. Subsequent testing on the mechanical properties of the
PBT/LDPE composite demonstrated enhancements in tensile
strength, flexural strength, and alterations in both Young's tensile
modulus and flexural modulus when compared to unmodified
LDPE. Additionally, an enhancement in elongation ranging from
10% to 20% was observed in comparison to unmodified LDPE.

Ono and Yamaguchi [9] conducted research on the effects of
the extrusion process on the structure and mechanical properties
of low-density polyethylene (LDPE). Their analysis focused on the
outcomes of rheological tests, which revealed that linear viscoelas-
tic properties exhibit reduced sensitivity to alterations in polyeth-
ylene structure. However, an enhanced sensitivity was observed in
specimens subjected to extrusion temperatures of 350°C. Czar-
necka-Komorowska et al. [8] presented the findings of a study on
the thermomechanical, rheological, and structural properties of
films made from recycled polyethylene. The authors observed that
recycled rLDPE/rLDPE blends possess qualities that render them
suitable for thin film production. Mechanical property tests demon-
strated enhancements in tensile strength and elongation values.
Furthermore, it was observed that films derived from rLDPE/rLDPE
blends demonstrated superior puncture resistance in comparison
to films fabricated from virgin materials.

Yao et al. [11] investigated the mechanical properties of LDPE
composites with colored CBF filler, highlighting concerns about
heavy metal contamination in plastics used to manufacture chil-
dren's toys. The CBF-filled composite is posited as a potential so-
lution to this issue. Preliminary investigations into the mechanical
properties of the composite have indicated that the integration of
CBF with LDPE can result in a substantial enhancement of tensile
strength, Young's modulus, flexural strength, and the modulus of
elasticity of the composite under consideration. Rana et al. [14] pre-
sented the results of an LDPE composite reinforced with jute. The
fabrication of the composite involved the compression of LDPE film
and jute into slab form. A series of fundamental mechanical prop-
erty tests were conducted, encompassing bending, tensile, impact,
DMA, and SEM analyses. The outcomes of these tests indicated
that the LDPE-jute composite demonstrated enhanced impact
strength in comparison to the pure polymer.

Yazdani et al. [15] investigated the mechanical properties of
low-density (LDPE) and high-density polyethylene (HDPE) and
their composites with carbon nanotubes (CNTs). The study identi-
fied four stages of deformation: linear elasticity, plasticity, softening
deformation, and strengthening. The strain rate was found to have
a significant impact on the mechanical properties of the polymers
and their composites studied.

In a related study, Sahraeian et al. [16] examined the mechan-
ical properties of nanocomposites based on low-density polyeth-
ylene (LDPE) with varying contents of nanoperlite. The researchers
performed rheological tests, dynamic mechanical thermal analysis
(DMTA), and thermogravimetric analysis (TGA).

In addition to static tests on various materials, including LDPE,
dynamic tests at different impact speeds were also carried out. Kofi
et al. [12] conducted impact resistance tests on birch fiber-rein-
forced HDPE composites obtained through injection molding. The
authors noted that the dynamic properties of these composites are
not fully characterized, and there is a paucity of studies on their
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impact resistance. The composite material that was the subject of
this study was submitted to impact tests, hardness tests, tensile
strength evaluations, and elastic modulus assessments. Impact
tests were conducted at speeds of 1 m/s and 1.25 m/s using a sys-
tem based on an inertially falling mass with a semicircular head for
composite specimens with varying birch fiber content. The authors
observed the tup bouncing after striking the test specimen and
noted the minimal energy absorbed by the composite material.

Karthikeyan et al. [13] conducted a series of experiments on
laminated beams composed of monoalithic carbon-fiber-reinforced
plastic (CFRP) and ultra-high molecular weight polyethylene
(UHMWPE). The experimental design encompassed three-point
bending of composite beams, with dynamic tests involving the use
of a metal foam beater to simulate an explosion by striking the mid-
span of the beam. The authors of the study examined the impact of
the support method on the beam's response to the applied load,
with a particular focus on the movement of so-called moving or
shear hinges from the impact point toward the beam supports. Fiber
cracking of the composite was observed in the proximity of the sup-
ports.

Xu et al. [17] subjected low-density polyethylene (LDPE) and
ultra-high molecular weight polyethylene (UHMWPE) to static and
dynamic tests, thereby determining the relationship between yield
strength and strain rate. A comparison was made between the me-
chanical properties of the two polymers, with particular attention
given to the impact of molecular structure on the tensile fracture
behavior of polyethylene specimens.

Zhu et al. [18] developed experimental stress-strain character-
istics for four types of polyethylene: low-density polyethylene
(LDPE), linear low-density polyethylene (LLDPE), medium-density
polyethylene (MDPE), and high- density polyethylene (HDPE),
across strain rates ranging from 0.001 to 1000 s™". It was observed
that the fracture characteristics of the specimens varied with the
strain rate, as did the strain rate-dependent changes during yield
stress analysis.

In a related study, Mohagheghian et al. [19] investigated the
fracture characteristics of low-density polyethylene (LDPE), high-
density polyethylene (HDPE), and ultra-high molecular weight pol-
yethylene (UHMWPE) specimens, focusing on their capacity to ab-
sorb impact energy. The researchers explored the relationship be-
tween the shape of the bullet's contact surface and the energy ab-
sorbed by the polymer material. Plates fabricated from the materi-
als under consideration were subjected to static loads and bullet
impacts at a velocity of 100 meters per second. The increased
strain rate resulted in softening, which in turn led to the destabiliza-
tion of neck propagation during stretching in LDPE and HDPE. In
contrast, UHMWPE exhibited notable stability. The study under-
scored discrepancies in energy absorption intensity among the ma-
terials under scrutiny, contingent on the morphology of the bullet
contact surface. The findings for the examined polymers were then
juxtaposed with those garnered from an aluminum alloy specimen,
here designated as 6082.

Sandeep and Murali [20] conducted experimental tests on low-
density polyethylene (LDPE) foams of five different densities under
compressive loading at various strain rates. It was observed that
the compressive strength of LDPE foam is more favorable at higher
strain rates.

It is also imperative to acknowledge the prevalence of other
composite materials that currently garner significant interest among
researchers, particularly within the domains of aerospace and au-
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tomotive engineering. In contemporary composite structures, natu-
ral fibers, including wool, silk, kenaf, and others, are frequently uti-
lized as base materials. Additionally, composites incorporating car-
bon nanotubes have garnered significant attention. Sahu et al. [28]
examined the mechanical and electrical properties of multi-walled
carbon nanotubes (MWCNTSs) filled with pineapple fibers and hy-
brid laminated composite structures based on kenaf fibers. The
study highlighted the benefits of the electrical and mechanical prop-
erties of the composites to the aerospace industry. Similarly, Das
et al. [27] conducted extensive research on a KF/epoxy composite
whose electrical and mechanical properties are ideal for the auto-
motive and aerospace industries. Antony et al. [26] evaluated com-
posite structures designed to absorb radar waves. The composites
tested utilized various fibers, including wool, silk, E-glass, aramid,
and wave-absorbing foams such as balsa wood, PVC, and PM. The
experimental and simulation methods are employed in the study of
composite structures. Modal analysis and finite element simulation
are popular methods [24,25]. Sahu et al. [23] conducted simulation
and experimental tests of polymeric composite plates reinforced
with natural fibers and polyethylene terephthalate (PET) foam cores
for impact bending of polymeric composite plates reinforced with
natural fibers.

This article presents the results of experimental static and im-
pact tests on specimens made of low-density polyethylene (LDPE)
in film form. The author observed the effects of strain rate and im-
pact energy on the mechanical properties of the test material.

It was observed that the manufacturing process of the film ap-
peared to induce anisotropy in its mechanical properties. This ob-
servation was based on a visual assessment of the examined ma-
terial. The failure mechanism observed visually exhibited a depend-
ence on the direction of the applied load; however, this variation
had a negligible impact on the overall performance of the film,
based solely on data obtained from static tests. The author also
presents indices based on strain energy, the interpretation of which
aids in a more precise evaluation of the plastic tested. The pro-
posed methodology can be applied to evaluate and diagnose the
mechanical properties of various materials and structures.

The study of the mechanical dynamic properties of polymers
and composites is a vital and contemporary field of scientific inquiry.
The findings from this research are directly applicable in engineer-
ing practice, particularly in the comprehensive analysis of polymeric
materials, their composites, and structures made from them. Obst
et al. [21] conducted experimental and analytical studies of the dy-
namic mechanical properties of pneumatic absorbers made from
LDPE polymer. The tests results of pneumatic impact absorbers
made of LDPE polymer [21] and the research results of LDPE film
presented in this article are a continuation of dynamic tests aimed
at the safety of people exposed to impact loads.

2. EXPERIMENTAL RESEARCH METHODOLOGY

LDPE film, precisely cut into strips measuring 210 millimeters
in length, 25 millimeters in width, and with a thickness ranging from
0.36 to 0.39 millimeters, was utilized for the experimental proce-
dure. The observed variation in foil thickness is attributable to the
manufacturing process. Micrometric measurements were con-
ducted at several points on the foil, and the thickness measure-
ments obtained were within the specified dimensional range. The
initial material used was a sheet of LDPE film, which was fabricated
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from a polymer blend of recycled materials. Strips were meticu-
lously cut from this film in three distinct orientations relative to the
manufacturing traces that were visible to the naked eye: parallel to
the traces, perpendicular, and at a 45-degree angle. As previously
mentioned in the introduction, the objective was to conduct a diag-
nostic study of the material's mechanical properties in relation to
these manufacturing traces. To mitigate the risk of damage from
flat test grips, the gripping sections of the test specimens were for-
tified. The section between grips measured 110 mm in length. The
LDPE strip specimens, as illustrated in Figures 1-2 and 7, were
subjected to static loading on a Zwick Z100 testing machine at a
loading rate of 300 mm/s. Identical belt specimens were also sub-
jected to impact tests using a drop tower. In this experiment, a 3.3-
kilogram steel striker, falling freely under the influence of gravity,
impacted a steel bumper, thereby generating an impact load on the
LDPE film specimen. The striker was released from heights of 0.5
m, 1 m, and 1.5 m, resulting in varying velocities and kinetic ener-
gies at impact. The configuration of the impact test apparatus is
illustrated in Figure 8. LDPE film specimens were meticulously ex-
tracted from a sheet in three distinct orientations, designated as 0°,
45°, and 90° relative to the visible structural lines of the film. The
tested specimens are displayed in Figure 7. During the impact test-
ing procedure, the LDPE film strips underwent tensile loading as
the striker made contact with the rigid reversing plate. A Chronos
2.1-HD high-speed camera was employed to record the movement
of the LDPE strip under dynamic stretching conditions. All tests
were conducted at ambient temperature (23°C).

25

200

Fig. 2. Tested LDPE film. Visible technological straight lines and
coordinates of cutting directions

2.1. Static testing of LDPE film

The findings from the static tensile test of LDPE film strips un-
der uniaxial tension provided the foundation for the subsequent de-
velopment of additional mechanical characteristics. Tensile plots
for the three angular orientations of the strip specimens are shown
in Figure 3a, b, and c. Upon examination of both LDPE film samples
and pneumatic absorbers made of this plastic, some peculiarities
were noted for some measurement results. The author attributes
this phenomenon to the internal structure of plastics and the sensi-
tivity of deformation mechanisms to the velocity of loading and other
factors. The author intentionally left the measurement result labeled

acta mechanica et automatica, vol.19 no.2 (2025)

as specimen No. 6 to indicate that despite providing the same
boundary conditions, plastics do not necessarily guarantee perfect
repeatability of results.

The Young's modulus and the static strain energy density, ex-
pressed as the specific energy of deformation, were determined.
The strain energy density was calculated using the following for-
mula:

E mj ] _ fllo+AlV£dl _ fOSO'dS (1)
o o

¢ lmm3

where F and V,, are respectively the current value of tension force,
and the initial value of sample volume.

a)
o [MPa] LDPEO°
18
16
14
12
10 —1
£ x 100 [%]
b)

o [MPa] LDPE 45°

£ x100%

aimee) LDPE 90°

£x100%

Fig. 3. Static stress o on relative strain ¢ for angles: 0°, 45° and 90°
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As demonstrated in Figure 3, the fundamental mechanical char-
acteristics, denoted by a(), derived from tensile testing of LDPE
film strips, reveal no substantial disparities among the selected an-
gular orientations. However, it is noteworthy that substantial strain
values for the 90° orientation (where the load is applied perpendic-
ular to the lines visible to the naked eye in the film structure) are
accompanied by local fluctuations in both load and strain.

a)
E [MPa] LDPEO®
€ x 100 [%)
b)
E [MPa] LDPE 45°
012 1
£ x 100 [%]
c)

E [MPa] LDPE 90°

£x 100 [%]

Fig. 4. Static Young's modulus E on relative strain & for angles:
0°, 45° and 90°

The estimated value of the instantaneous Young's modulus
This suggests a degree of dependence on the loading directions of
the samples. However, the observed differences are of negligible
practical significance. The total work expended in deforming the
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tested LDPE film specimens was calculated and is denoted as the
total energy consumed in the deformation work, related to the unit
volume of the tested material. The total strain energy index pos-
sesses the dimension of specific energy, otherwise known as strain
energy density, a quantity frequently utilized in materials science.
A thorough examination of the energy characteristics (Fig. 6) re-
veals that the energy intensity exhibited by the tested LDPE film
displays a modest dependence on the selected loading directions.
For the 90° orientation, the range varies from approximately 38
mJ/mm? to approximately 65 mJ/mm?, indicating that the film in the
90° orientation relative to the load exhibits greater variability in spe-
cific energy limits.

a)
- [m) ®
E I /mm-"l HOEER

€ x 100 [%]

b)
. [m] B
Ee [ ] LDPE 45
10
nxiOO%
c)
. [m] °
L‘[ /mm3] P20

0 1 2 3 ! 5 6
£x 100%

Fig.5. Static energy density E,. [m] /mm3] on relative strain ¢ for angles:
0°, 45° and 90°
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a)

B [ ] LDPE 0°

0 1 2 3 4

£ x 100 [%]

y [m] °
Ee [ /mm:*] LDPE45

B! [™ ] LDPE 90°

Q 1 2 3 1 5 b 7
§x100%

Fig. 6. Volumetric Energy change intensity E.’ [m] /mm3] on relative
strain ¢ for angles: 0°, 45° and 90°

2.2. Dynamicimpact testing of LDPE film

The dynamic mechanical properties of the tested foil specimens
were determined based on the displacement of markers applied to
the foil specimens (Fig. 7). The schematic of the test stand de-
signed for impact load testing is shown in Fig. 8.

Fig. 7. Strip specimen with three displacement markers of the tested
LDPE film

acta mechanica et automatica, vol.19 no.2 (2025)

Impactor ]
Reverser
bumper

= =

(K2

II

=

Foil
sample
e o . w

—— —

 E—
\

Fig. 8. Schematic of the impact load acting on the LDPE film strip specimen

The test stand employed during the impulse load tests, in con-
junction with the drop tower, comprised two masses: the mass of
the beater (3.3 kg) descending inertly from heights of 0.5 m, 1 m,
and 1.5 m, as well as the mass of the bumper (the mass of the
reverser), incorporating the guide rods and jaws that secure the
specimen. It was hypothesized that the collision of the steel striker
with the steel plate of the reversing bumper would be purely elastic.
The kinetic energy of the beater was hypothesized to be transferred
to the mass of the reverser, resulting in work done in deforming the
tested LDPE tape specimens. The displacements of three markers
along the survey section, labeled sequentially as 0 mm, 25 mm,
and 50 mm, were recorded with a Chronos 2.1 HD high-speed cam-
era. Subsequent to the aforementioned, a thorough deformation
analysis was conducted, and mechanical characteristics were de-
termined in relation to the previously mentioned reference points.

Fig. 9. LDPE film strip specimen under impact load. Initial and
final elongation phase for angle 0°and flail drop height
equal 1m

The characteristics of Al(t) (see Figures 10-12) were developed
for experimental data, and their approximation by a family of modi-
fied sinusoidal functions (2.1) was determined.

Al(t) = a - sin™(bt) 2)
where a,b,n are approximation coefficients.

The objective of the approximation was twofold: first, to mini-
mize measurement errors, and second, to provide an analytical rep-

resentation of the collected results using a function that met the fol-
lowing conditions:
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— smoothness, a)
— differentiability up to the fourth order, . & WOFRIE ) ez
—  simple analytical form. ”
The modified sine function meets these requirements, and the
graphs resulting from the approximation are superimposed on 5
those based on the experimental data. The legends on the graphs *
indicate the measurement segments between the reference points, 9

with the subscript "A" denoting results obtained from the approxi- 5
mation using the modified sine function.

a) 10

Al [mm] LDPEO"® (0.5m) 00.25 ?

i 02550 i
©0_50
#0_25A b)
2550 Al [mm] LDPE 45° (1m) rres

80

- ©25.50

©0_50

00_25A

©25_50A
#0_504
0 0,02 0,04 0,06 0,08 01 012
t[s]
b) 2 | A A 02
Al [mm] LDPE 45° (0.5m) B tls)
= #2550 c)
Al [mm] LDPE 90° (1m) T
©0_50 L
= 30
0_25A ©25.50
®25_50A S
#0_25A
©0_50A
©25_50A
©0_504
0 0,02 0,04 0,06 0,08 01 012 . .
0 0,01 0,02 003 0,04 0,05 0,06
t[s] t[s)
<) Fig. 11. Dynamic elongation Al [mm] as a function of time for angles: 0°,
Al [mm] LDPE 90° (0.5m) T 45° and 90° and 1m drop height
15 025_50
16 CapETRTo 00_50 a)
18 +0.25A Al [mm] LDPE 0° (1.5m) i
12 m——— *P-0A “ #2550

#0_50

#0_25A

\- P ©25_50A

: (] 0,01 0,6;2 i cm 0,04 0,05 0,06 0,07 0,08 0,09 y i 5
t[s] i
Fig. 10. Dynamic elongation Al [mm] as a function of time for angles: 0°,
45° and 90° and 0.5m drop height , , 015 02 02s 03

t[s]
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Fig. 13. Impact tension force F [N] as a function of flail drop heights h [m].
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Fig. 15. Work of deformation per unit length W [mJ/mm] as a function of
flail drop heights h [m] calculated for € = 0.15. Results for an-

gles: 0°, 45° and 90° and three measuring sections 0-25mm, 25-
50mm and 0-50mm

3. CONCLUSIONS

An investigation was conducted into the static and dynamic
characteristics of the mechanical properties of LDPE plastic. The
mechanical properties of the tested LDPE film demonstrate a high
capacity for deformation and energy absorption, which are used to
permanently deform the material. During the static tensile testing of
LDPE strips, a discernible local constriction shifted position as the
load increased, and multiple zones of plastic flow appeared along
the gauge length of the specimen. In impulse-loaded tensile tests,
two to three zones of plastic deformation were also observed along
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the gauge length of the strip specimen.

In both static and impulse loading cases, the production pro-
cess of the LDPE film influences its mechanical properties, as evi-
denced by the dynamic test results. Tests conducted in different
orientations revealed differences in deformation mechanisms.

In summary, the following conclusions were derived:

— The production processes employed for plastic films have the
capacity to exert an influence on both their static and dynamic
properties.

— Testing the mechanical properties of LDPE film in different ori-
entations, influenced by the production processes, can reveal
discrepancies in the measured properties.

— A more precise assessment of the material can be achieved
through the integration of static tests with impact tests.

— The dynamic properties of LDPE film are contingent upon ori-
entation and impact velocity.

— The deformation work per unit length of the LDPE film varies
based on these factors.

The impact strength of the tested LDPE film strips was also
found to be relatively high. The obtained results of the mechanical
properties of the tested material testify to its advantages and ap-
plicability in the area of protection of human security or transporta-
tion of sensitive goods. The proposed mechanical characteristics
for static and impact loads can be used as diagnostic tools when
testing materials and structures. Furthermore, the proposed exper-
imental characterizations can facilitate more precise assessments
of the suitability of the tested material or structure for specific prac-
tical applications. The author is currently investigating pneumatic
absorbers, which are made of LDPE plastic, exhibit exceptional
impact energy absorption properties. Research is currently under-
way on the use of LDPE pneumatic shock absorbers with controlled
air flow as inserts for protective helmets. The objective of the pre-
sent study is to develop a methodology that enables quantitative
assessment of the mechanical response of the protective helmet
and the human head to impact, with consideration for the mechan-
ical properties of the neck. That is to say, the elements of the sys-
tem that are in a cause-and-effect correlation with each other. Ad-
ditionally, the results of rheological tests on both LDPE plastic in
the form of films and LDPE pneumatic absorbers are of interest.
Rheological studies employing LDPE film samples are currently un-
derway.
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