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Figure 6. Failure of the samples made of: (a, e, f) ABS; (g) ABS 
(sample #5); (b, h) PLA; (c, i) HIPS; (d, j) PETG

Figure 7. Fracture of the specimens: (a) #20 made of PETG and (b) #15 made of HIPS captured 
using DIC system

made of PLA sustain significantly higher axial load to fai-
lure than the specimens made of ABS, PETG and HIPS. 
Identical specimens made of ABS material demonstrates 
large scatter of the test result (load and displacement beha-
viour). Test results of the remaining specimens made of 
the same material indicates almost identical results. It is 
important to note, that PLA and HIPS specimens were 
tested using various loading rates. Insignificant scatter of 
the result indicates that the loading rate does not affect 
the test result.

Characteristic failure of the test samples is shown in 
Figure 6. It is noted that failure of PLA specimens is appa-
rently ductile, while the other specimens experienced bri-
ttle failure. Strain distribution maps and fracture of the 
specimens made of PETG and HIPS captured using DIC 
system are presented in Figure 7.

3. Discussion of the result

The experimentally determined mechanical characteristics 
of the printed polymeric materials are presented in Table 3. 
It can be observed that the average elasticity modulus of the 
materials are higher than the corresponding nominal values 
provided by producers, while the tensile strength shows the 
opposite tendency. It might be related to an intricate deter-
mination of the cross-section area of test specimens, since 
all samples were printed with 20% infill.

	 (a)	 (b)	 (c)	 (d)
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Fracture character of the printed specimens is highly 
dependent on the printing layout and material proper-
ties. Strain distribution map of the front surface of the 
specimen #20 is presented in Figure 7a, while the prin-
ting direction is shown in Figure 2c. It is evident that 
ultimate strain is localized between printed filaments in 
the specimen made of PETG that causes local failure of 
the material. The same failure character was observed in 
specimen #5 printed of ABS: failure crack forms betwe-
en filaments. It could be noted that the latter fracture 
manner is characteristic of the relatively brittle materi-
als, such as ABS, HIPS, PETG. Specimens made of PLA 
experienced fundamentally different ductile failure (Fi-
gures 6b and 6h).

All considered specimens had a relatively low infill 
density that is commonly used for prototyping purposes. 
For such specimens, the orientation of the filament in the 
external layers and mechanical characteristics of the bond 
between the filaments become predominant parameters 
responsible for the ultimate resistance and failure charac-
ter of the printed materials. The bond properties between 
the printed layers are highly sensitive to the extrusion pa-
rameters, i.e. extrusion temperature and velocity. Together 
with the infill density, these parameters are responsible for 
temperature accumulation process in the printed object 
that directly correlates with quality of the resultant prod-
uct (including the printing tolerance). Combination of 
these parameters is the object of the future research.

Table 3. Experimentally determined mechanical characteristic of the materials

Specimen number Material
Tensile strength, MPa Modulus of elasticity, GPa

Test value Average Test value Average

1

ABS

12.39

13.53

2.20

2.71

2 12.69 2.17
3 12.45 2.25
4 18.32 3.27
5 8.97 3.50
6 14.49 2.73
7 15.39 2.84
8

PLA
36.54

37.74
5.43

5.759 38.21 5.59
10 38.46 6.24
11

HIPS

6.41

5.85

1.33

1.55
12 5.99 1.76
13 5.58 1.52
14 5.77 1.60
15* 5.50 –
16

PETG

13.21

13.85

1.54

1.54
17 16.03 1.85
18 12.44 1.41
19 13.46 1.35
20* 14.10 –

Note: *front surface of the specimen was exposed to a digital image correlation system (displacement was not monitored).

Conclusions

This study investigates the mechanical properties and 
tensile failure of four thermoplastic polymeric materi-
als: acrylonitrile butadiene styrene (ABS), polylactic acid 
(PLA), high impact polystyrene (HIPS), and polyethylene 
terephthalate (PETG). The effect of the printing layout on 
the mechanical properties of the printed materials was 
emphasized. Based on the tensile tests of printed dum-
bbell-shaped samples, the following conclusions can be 
made:

–– The loading rate has no significant effect on the re-
sults of tensile tests of printed specimens. Insignifi-
cant scatter of the test result (load and displacement 
behaviour) of PLA and HIPS specimens tested using 
various loading rates was obtained.

–– Experimentally determined modulus of elasticity of 
the polymeric materials are significantly higher than 
the corresponding nominal values provided by pro-
ducers. It can be related to an intricate determination 
of the cross-section area of test specimens and the 
level of infill density.

–– Orientation of the printed filament characterizes 
strain distribution in the printed specimens. The ul-
timate strains are localized between printed filaments 
that induces failure of the printed material. Brittle 
failure due to debonding of the printed filaments is 
characteristic of the thermoplastic polymeric materi-
al such as ABS, HIPS, PETG.
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KONSTRUKCINIS 3D SPAUSDINIMO TECHNOLOGIJŲ 
TAIKYMAS: SPAUSDINTŲ POLIMERINIŲ MEDŽIAGŲ 
MECHANINĖS SAVYBĖS

O. Shkundalova, A. Rimkus, V. Gribniak

Santrauka

Modernūs gamybos procesai ir spausdinimo technologijos, 
naudojant polimerines medžiagas, plečia pramoninės gamybos 
ribas bei skatina taikyti 3D spausdinimo technologijas daugelyje 
sričių. Tokios technologijos leidžia gaminti bet kokios formos 
elementus iš įvairių medžiagų, o jų dydį lemia tik naudojamos 
spausdinimo įrangos galimybės. Pagrindinis šio tyrimo objek-
tas – polimerinės medžiagos. Spausdintų elementų iš polimerinių 
medžiagų mechaninės savybės glaudžiai siejamos su gamybos 
technologija ir gali stipriai varijuoti keičiant gamybos proceso 
parametrus  – spausdinimo temperatūrą, greitį, užpildo tankį. 
Polimero tipas kartu su jo mechaninėmis savybėmis parenkamas 
atsižvelgiant į konstrukcinį uždavinį. Šiame darbe nagrinėjamos 
plačiai prototipų gamyboje taikomų termoplastinių polimerinių 
medžiagų  – polietileno rūgšties (PLA), akrilonitrilo butadi-
eno stireno (ABS), polistireno (HIPS) ir polietileno tereftalato 
(PETG) – mechaninės savybės. Tyrime dėmesys skiriamas dviem 
pagrindinėms mechaninėms medžiagų charakteristikoms – tem-
piamajam stipriui ir tamprumo moduliui. Taikant 3D spausdini-
mo technologiją buvo pagaminti kaulo formos bandiniai iš PLA, 
ABS, HIPS ir PETG medžiagų. Bandinių užpildo tankis siekė 
≈ 20 % paviršiaus spausdinimo sluoksnio tankio. Elementų tem-
pimo bandymai atlikti Inovatyvių statybinių konstrukcijų labora-
torijoje Vilniaus Gedimino technikos universitete. Šiame tyrime 
buvo parodyta spausdinimo krypties įtaka spausdintų medžiagų 
mechaninėms savybėms. Taip pat pateiktos eksperimentiškai 
nustatytos polimerinių medžiagų mechaninės savybės.

Reikšminiai žodžiai: polimerai, 3D spausdinimas, tempimo 
bandymas, mechaninės savybės, PLA, ABS, HIPS, PETG.
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