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Comparison of flexural strength in rectangular shape 3D-printed PLA samples

with different grooves
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The production of parts using 3D printing, which is a type of additive manufacturing, is expanding at a
faster rate. This technology can produce complex geometries by depositing melting polymer material layer
by layer. Polylactic acid (PLA) is one of the most widely used materials in this technology due to its good
properties such as biodegradability and bio-compatibility, and parts manufactured with PLA are being used
in various engineering applications. The strength of these layer-by-layer parts depends on the printing
parameters such as the infill density, the orientation of the printed fibers, the speed and temperature of the
print, the distance between the fibers, etc. Also, the presence of grooves in engineering parts, especially
printed polymer layer-by-layer parts, can significantly affect the mechanical behavior of these materials. In
this research, the strength of short grooved beam parts with three different geometries (U, V, key hole)
printed with PLA material under quasi-static bending loading is investigated experimentally and
statistically. The amount of load and fracture energy of the samples are measured and also the sensitivity
to the geometry of the groove in the tested parts is evaluated. Fisher's test is used for pairwise comparison
of the grooves' strength. The results of this research show that the groove with an angled corner is the
weakest, while the circular groove has a higher resistance, and this resistance increases when the radius of
the circle is increased.
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Table 1 Process parameters of 3D-printing
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Fig. 1 Geometry and loading configuration applied to the 3D-printed
PLA samples.
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Fig. 4 Geometry and dimensions of Keyhole-grooved sample
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Table 2 Experimental results obtained for fracture load and flexural
fracture energy of tested 3D-printed samples with different U, V and K
grooves.
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Fig. 2 Geometry and dimensions of V-grooved sample.
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Fig. 3 Geometry and dimensions of U-grooved sample
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Table 3 Details of analysis of variance

Source DF Adj SS Adj MS F-Value  P-Value
type 2 297240 148620 3271 0.001
Error 6 27261 4543
Total 8 324501
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Residual Plots for flexural strength
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Fig. 6 Investigation of residuals
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Fig. 5 View of grooved samples made by 3D-printing method.

Gt ol dlwg cadaizlo o)Ll sbadigel saen 5l ol S S

ialosl 1516 sy 0550 slacdl> Kbl a 2 51 &¥oles o
U5 sl ;S N 5 5555 el a0 bS5 slows gonmsylis N e
Yi. el 55156 ol Tl 51l LS5 i il e @XN) (dolo)] ladiges
—aigal (sa (pSile Yo g 51090 4525 ol S sla) S5 (e Sils o0
el otilesT sl

L5556 o el | e Sile Ty ndiges IS oSl 1 03 galsbas o
b by g So sl ez cnl oS 25800 ()8 ol a3 osiasLii € 5
WS a0 O by 5 s il

Yij =4+ Tt o€ @)

o @) bl Sl 6 pl 2l )5Sl ()38 3 gy sl

556 ol o5 28,5 i g oo ST et l Lo eSiloo (5109
ol o SKils sdod s plp sho (5,8 1 o)l 6,8t LaubesT b
g yao blapT 5l (S JBlas gl pae Sy (553 5 Sl o b (T)

HOZ ‘[1=‘[2=...Ta=0

Hi: 1 # 0 18 olp JSlos

Oyge a8 1) Sl e 2Kk b idls Sk G plp oy 2 Gl

D98 Glas sl 0al sols yLlzs MS
SSTreatment
MSrreatment = ;ez Ten
SSe
MSgrror = N :n:)lr

2214

259405 (5)9US 9 pgle g ks



0399208 (5 )9US 9 pole Ay s

O 5 (o5 olus caliseo (5l i b PLA Luia Jl sasaaws Sls alyws g9 o ubails JSib Julaiune wlalad el cnoslie duslie

Fisher Individual 95% Cls

Differences of Means for C1

u-k '—.7

vk -

Vo e
600 500 <00 200 200 100 o 100

i an interval does not condaw Zers, the corresponding means are signdicontly diferent

Fig. 8 Fisher's test for comparison of flexural fracture loads in the
investigated 3D-printed PLA parts with different U,V and K grooves.
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Fig. 9 Comparison of normalized fracture loads in different grooved
samples.
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Fig. 10 Comparison of Fisher's test for fracture energy of 3D-printed
parts with different U,V and K grooves.
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Fig. 7 Deformation and failure patterns observed in the tested
samples subjected to three-point bend loading.
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