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Abstract. The main methods of mechanical testing of composite materials include:
determination of the strength of the material in tension, bending, torsion, compression, impact loads,
etc. This article presents the methodology and results of tests for the bending strength of structural
elements made of ABS plastic manufactured using 3D printing. The shape of the cross-section of the
test specimens-beams and the percentage of filling their internal cavity with the specified polymer
material were selected as design factors that are predicted to have an impact on the output parameter.
The most optimal configuration was established and the dependence of the strength on the change in
the specified variable factors was determined.
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Introduction. Due to the low modulus of elasticity of polymeric materials, they are effective
in structures where their high-strength properties and the small influence of their deformability are
used to the maximum. Polymer materials and plastics used in construction make it possible to save
metal, wood, glass, cement and other traditional materials. The main areas of effective use of plastic
structures in buildings and structures are to reduce their mass, improve the transportation of light
enclosing structures and increase resistance to aggressive external environments. Construction
structures using plastics, multi-layer rectilinear or curved enclosing panels, spatial forms of single
and double curvature (domes, shells, etc.), as well as transparent enclosing panels are effective.

Moreover, one of the progressive areas that actively uses polymer materials, including for
building structures, is additive manufacturing, which ensures the production of three-dimensional
solid products from an automated digital file using 3D printing. Considering the demand and
widespread use of products manufactured by 3D printing as structural elements, studying their
strength properties under load and optimization of their parameters are the important and relevant
scientific task.

Analysis of recent researchs and publications. The main methods of mechanical testing of
composite materials include in: determining the strength of the material in tension, bending, torsion,
compression, under shock loads etc. All these types of tests are carried out before the destruction of the
test sample. In addition, there are other methods of mechanical tests, which include in wear tests, studies
on the change in shape and size of composite materials, fatigue strength tests, etc. [1].

In addition, in contrast to full-scale experiments, numerical experiments are often carried out with
the help of either mathematical [2, 3] or computer modeling with the use of various existing software
complexes [4-7].

The accumulated experience of creating structures from polymer composite materials indicates an
increased spread of such parameters as stiffness and strength, which is due to the instability of the initial
components, deviations in the execution of technological processes, etc. These factors are taken into
account by the introduction of an additional safety factor when determining the calculated load, the value
of which depends on the coefficient of variation of the mechanical properties of products made of
composite materials. Thus, a high-quality selection of methods of mechanical testing of composite
materials and improvement of testing methods will allow to predict with high reliability the main
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mechanisms of destruction and strength of composite materials.

Materials and methods of research. For the research, ABS plastic was used to manufacture
samples-beams, which is known with its strength, durability and resistance to high temperatures. The
tests were conducted at the Department of Metal, Wooden, and Plastic Structures as part of the work
of the scientific circle.The solution to the task of developing a methodology for conducting a bending
strength test, as well as preparing relevant samples made with the help of 3D printing, was chosen.
According to the results of the literature review, 2 series of samples were formed, which differ in the
shape of the cross-section: rectangular (series 1) and T-beams (series 2).

According to the requirements [8, 9] and [10], as well as the technical characteristics of the 3D
printer used for their production, the standard samples had dimensions 10x10mm, length — 200mm.

Taking into account the use of additive technologies for the manufacture of test samples, it is
possible to adjust the degree of filling of the internal cavity of the beams to save materials and
determine the optimal amount of filling to ensure the necessary bending strength. Thus, 3 variations
of the filling percentage of the internal cavity of the experimental sample were chosen: 10%, 50%,
100% [10]. Each series included 6 samples, for each filling percentage, 2 identical twin specimens
were made to establish the average bending strength between them.

The advantages of the material include in an optimal combination of elasticity and strength, and
the disadvantages are some nuances during use like odor and shrinkage.

Research results. The tests were carried out on a PROFLINE hydraulic press with load
capacity 10 tons. A device with a loading tip and supports was placed on the test machine. Their
convergence were taken place at a constant speed.

The radius of the tip (r;) and the edges of the supports (r2) (Fig. 1) have the following
dimensions in mm:

—r1=(5=%0.1);

—r2=(2.0£0.2).

Before testing, in the middle third of the length of the sample, the width of the sample were
measured with an error of £0.1 mm and the thickness — with an error of +£0.02 mm. Before the test,
the samples were conditioned according to the requirements [11] for at least 16 hours at a temperature
of (23£2)°C and a relative humidity of (50+5)%. The tests were conducted under the same conditions.
The distance between the supports were taken as (15...17)4 (Fig. 1). The loading of the sample was
carried out in the middle of the span between the supports smoothly, without jolts.
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Figure 1. Scheme of loaded sample

After testing, the ultimate strength was determined for each sample. The processed results are
presented in Table 1.
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Table 1 — Test results of prototypes

Percentage | Type Puax, N o, N/mm
of filling of
section
20% ] 159 35,8
T 318 254,16
50% ] 954 214,7
T 477 381,2
70% ] 954 214,7
T 636 508,3

The nature of the fracture of the test specimens is shown in Fig. 2.
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Fig. 2. Destruction of prototypes

A graphical interpretation of the research results is shown in Fig. 3.
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Fig. 3. Diagram of the dependence of the limit strength of samples on the initial factors
During the analysis of the obtained results, it was found that the best strength characteristics
were shown by the T-section, namely its ultimate strength compared to the rectangular one when the
section is filled with 20% plastic is 85%, when filled with 50% — 43%, and when filled with 70% —
57%.
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The influence of the percentage of filling the section with plastic on the strength of the
experimental samples was also analyzed. Thus, the maximum increase in the strength of rectangular
section samples occurred when the section was filled with 50% plastic, with 70% filling no increase
in strength was observed. For T-section samples, on the contrary, the greatest strength was shown by
beams with the maximum percentage of filling the section with plastic, with 20% filling they made a
difference of 33%, and with 50% filling — 25%.

Conclusions. Based on the results of the given data, the following conclusions can be presented:

1. The T-shaped cross-section was found to be more effective than the rectangular one when
working on bending under the same conditions.

2. The percentage of filling of the internal cavity of the sample correlates with the shape of the
cross-section of the sample, which is a more significant design factor among the proposed ones.

Among the prospects for further research are the analysis and comparison of the obtained
results, as well as the manufacture and testing of 3 series of samples under the action of repeated
loads of different levels.
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AHoTauisi. /[0 OCHOBHMX METOJIIB MEXaHIYHUX BHUMPOOYBaHb KOMIIO3MIIIMHUX MaTepialiiB
HaJIS)KaTh: BU3HAUCHHS MIIIHOCTI MaTtepiaiy Ipu po3Tsry, 3THHI, Kpy4eHHI, yTapHUX HaBaHTAKECHHSIX,
CTUCKy Ta 1H. B gmaHid cTarTi mnpeacTaBieHO METOAWKY TIPOBEICHHS Ta pPe3yJbTaTh
eKCIIEpUMEHTAIBHUX JOCTI/DKeHb MIOAO BHU3HAUEHHS MIIHOCTI TPU 3TMHI KOHCTPYKLIHHHUX
eleMeHTIB 3 iacTuky ABS, BurororneHux 3a gornomoror 3D mpyky. B sikocTi KOHCTPYKTUBHHUX
YMHHUKIB, 110 MPOTHO30BAaHO MAlOTh BIUIMB HA BUXIIHUH mapaMmeTp, oOpaHo (HopMy MONepeyHOoro
nepepizy JOCHiTHUX 3Pa3KiB-O0aIOK Ta BIJICOTOK 3allOBHEHHS IiXHBOI BHYTPIIIHBOI MOPONKHUHU
3a3HaYCHUM IOJIIMEPHUM MaTepianoM. Po3pobieHo 2 cepii HocmigHuX 3pa3KiB, IO BiAPI3HAIOTHCS 3a
dbopmoro monepednoro nepepizy (1 cepis — IpAMOKYTHUH Tepepi3, 2 cepis — TaBpOBHM Tepepis),
BCTaHOBJICHO BIJIMIOBIHI PO3MIPH Ta CX€MY BUIIPOOYBaHHS 3T1JTHO BUMOT HOPMAaTUBHHUX JOKYMEHTIB.
O3HaueHO BapilOBaHHS BIJICOTKA 3allOBHEHHS BHYTPINIHBOI MOPOXHWUHU JOCTITHUX €JIEMEHTIB
noJjiiMepHUM MaTepianom, a came 10%, 50% ta 100%. Onucano anropuT™M BUKOHaHHS BUIPOOYBaHb
3a J1i CTaTUYHOTO KOPOTKOYACHOTO HaBaHTaXeHHs. HaBelmeHi MpOrHO30BaHI CxeMU W KpuTepil
pyHHYBaHHSI 3pa3KiB, a TaKOX YMOBM MNPUIIMHEHHS BHUKOHAHHS BHUIIpOOyBaHb. B xoni aHamizy
OTPUMAHHMX PE3YJbTATIB BCTAHOBJICHO, IO KpaIlll MIIHICHI XapaKTEPUCTUKW TIOKa3aB TaBPOBHMA
nepepi3. Takoxx Oyno mMpoaHaNi30BaHO BIUIMB BiJCOTKAa 3allOBHEHHS Iepepi3y IUIaCTUKOM Ha
MIIHICTh JOCTITHUX 3pa3KiB. BiZCOTOK 3alOBHEHHS BHYTPIMIHBOT MOPOKHWHU 3pa3ka KOPENIoE 3
bopmoro epepizy 3paska, 1o € OUIBLI 3HAYYIIUM KOHCTPYKTHBHUM (PAKTOPOM Cepe/] 3aIpOIIOHOBAHMX.
Cepen mepCneKTHB MOAABIINX JOCTIKEHh — aHaJTI3 1 TOPIBHSHHS OTPUMAaHUX PE3YJIbTATIB, a TAKOXK
BUTOTOBJICHHS 1 BUIPOOYBaHHs 3 cepiif 3pa3KiB Mijl €10 MOBTOPIOBAHUX HABAHTAKEHb PI3HOTO PiBHSL

Karwuosi caoBa: nomimepu, 3D npyk, ABS-miactuk, MilHICTB, 3TWH, KOPOTKOYAcHe
HAaBaHTAKCHHS, pyHHYBaHHS.
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