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Abstract. The paper deals with the examination of the ageing effects on the mechanical properties
stability of 3D printed material via stereolithography under compression when subjected to various
conditions, including UV radiation, X-rays, and the effects of time, from the opening of the bottle with
the material to the 3D-printing process. The sets of samples under investigation were subjected to
quasi-static and dynamic compression loading using an Split Hopkinson Pressure Bar. The aim of this
paper is to investigate the long-term stability of the samples in terms of their mechanical properties
and material behaviour and their degradation pattern. Despite the manufacturer’s information, it was
found that the mechanical behaviour of the printed samples was significantly affected by the ageing
process.
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1. Introduction
The continuous development of additive manufactur-
ing techniques, in particular 3D printing from poly-
mers, for example, using the stereolithography (SLA)
method, has led to an increase in the popularity and
widespread use of these materials. The extensive
range of newly available materials has facilitated the
design of structural components with specific prop-
erties for use in a multitude of industries, includ-
ing the production of engineering parts, biomedical
implants, decorative items, orthodontic appliances,
aerospace components, and automotive components,
among others [1]. The popularity of SLA technol-
ogy can be attributed to its advantages over other
additive technologies. These include faster printing
speeds, better resolution, affordable acquisition costs,
and a relatively smaller environmental footprint [2].
Concurrently, the expansion of applications has led
to an increased need to comprehend the behaviour
of materials when subjected to diverse external con-
ditions (ageing processes) and under varying loading
conditions. The long-term stability and degradation
of materials have become a fundamental issue, which
is a crucial parameter for the safety of printed parts
in practice.

The ageing of epoxy resins in the restoration of
cultural monuments was investigated in a study [3],
where the authors sought to mitigate the effects of
photoageing of the resin through the addition of UV
stabilisers. The authors of paper [4] examined the im-
pact of UV lamp intensity during printing (known as
grayscale printing) on the mechanical properties of bio-
based epoxy resins, as well as the influence of varying
the colour and wavelength of the UV lamp. Another
study [5] addressed the stability and long-term dura-
bility of epoxy-based composites. The authors tested

the use of micro- or nano-sized fillers to strengthen
the composites.

The aim of this study is to investigate the effect of
ageing processes on the mechanical properties of the
printed material. In light of the potential for dynamic
loading applications, it is imperative that the mate-
rials employed undergo testing under dynamic condi-
tions. This study, therefore, focuses on the impact
of ageing processes on the mechanical properties of
the printed material under compression loading. The
dynamic testing of the mechanical properties of the
materials in question remains an under-explored area
of research. The observed change in the behaviour of
the materials under dynamic loading highlights the
necessity for this type of testing. Additionally, the
study examined the potential influence of the inter-
val between the opening of the resin bottle and the
printing process.

2. Materials and methods
2.1. Materials
The SLA method and a compatible commercially avail-
able resin (Aqua Blue, Phrozen, Taiwan) were selected
for the production of the test samples. The samples
were produced on a Sonic Mighty 4K resin printer
(Phrozen, Taiwan) with a bottom-up architecture and
an illumination source in the form of a monochrome
LCD display (405 nm ParaLED Matrix 2.0), which en-
sures high-resolution printing at 52 µm. The printing
layer height was set to 0.05 mm, with the exposure
time for the bottom layer set at 30 seconds and the
other layers set at 2.5 seconds [6]. The selected pro-
cess and resin were chosen due to their potential for
utilising previously measured data from quasi-static
tests.
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2.2. Sample preparation

For compression tests, an axisymmetric specimen was
designed in accordance with ASTM D695-15 [7], with
the dimensions of the bulk specimen adapted to align
with the technical specifications of the loading appara-
tus. The bulk specimen with the appropriate dimen-
sions is illustrated in Figure 1. In order to achieve
the desired level of quality and a smooth printing pro-
cess, the designed specimens were rotated by the 40°
about the x and y axes and placed on supports before
printing in the slicing programme [8]. The prepared
samples were then printed using the aforementioned
resin printer.

Figure 1. Basic dimensions of bulk specimen.

Subsequent to the printing process, the samples
underwent post-processing, which involved cleaning in
an ultrasonic bath and UV lamp curing for a period
of 40 minutes. Figures 2 and 3 depict the printed sam-
ple and its surface detail, as observed via Scanning
Electron Microscopy (SEM) with elemental volume
representation according to spectral analysis: carbon
(66 ± 2 %) and oxygen (33 ± 2 %). For the SEM obser-
vations, an accelerating voltage of 10 kV was employed,
with a working distance of 10 mm. Given that the ob-
served samples were composed of polymer, they were
investigated in low vacuum mode with 200× resolu-
tion. Figure 3 illustrates a detail of each printed layer,
with colour highlighting of printing imperfections, in-
cluding irregularities in the surface of each layer and
cured resin particles in an inconvenient location.

Figure 2. Printed bulk specimen.

Figure 3. Detail of the sample surface by SEM.

2.3. Ageing process
A new resin was used to produce the samples to avoid
interference due to the time delay between opening the
bottle of material and production. The selection of
the type of ageing was determined by the availability
of laboratory equipment and the potential effects to
which the printed parts may be subjected in real-world
applications. In consideration of the aforementioned
circumstances, the sets of samples were subjected to:
• sunlight,
• X-rays.
A total of 80 samples were subjected to sunlight, with
sets of samples tested after one week and less than
a month. In the present study, a total of 40 sam-
ples were tested, of which 20 were used for evaluation.
These samples were divided into four sets of five ac-
cording to the duration of exposure to sunlight and the
type of test. The remaining samples were comprised
of erroneous measurement samples and calibration
samples.

A total of 24 samples were subjected to X-ray radia-
tion for a duration of 2 and 4 hours. Subsequently, all
the exposed samples were subjected to testing, and 20
representative samples were selected and divided into
four sets of five samples each. The employed X-ray
tube type was Comet MXR 225 HP 11 (Comet X-ray,
Switzerland) was sealed chamber, tungsten target and
dual focal spot size option. The X-ray irradiation pro-
cedure used acceleration voltage of 50 kV and emission
current of 30 mA resulting in nominal output power
of 1500 W. The tube has standard tungsten target
energy spectrum with a near-conical beam with an-
gle geometry of 30 × 40 degrees. The specimens were
placed on a rotating platform with the rotation axis at
a distance of 1 m from the focal spot. Shielding from
X-radiation at this settings and distance was approx-
imately 3.75 · 107 photons mm−2 s−1. The dose rate
was approximately (9.25 Sv h−1), see BS 4094-2:1971
– Recommendation for data on shielding from ionizing
radiation.

Additionally, the impact of the time elapsed be-
tween the opening of the resin bottle and the printing
process was evaluated, with a time interval of six and
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Figure 4. Photographs showing the progressive destruction of a specimen during a dynamic compression test.

ten months post-opening. In this instance, 12 samples
were generated for each time period under examina-
tion, and once more, 20 samples were selected from
the aforementioned samples, which were then divided
into four sets of five samples in accordance with the
elapsed time from resin opening to production and
the type of test.

In order to facilitate a comparison with the mea-
sured data and to demonstrate the extent of the effects
of ageing, two sets of five samples was produced that
were not subjected to any ageing process and tested
immediately after the manufacturing process (includ-
ing post-processing).

2.4. Experimental procedure
In order to obtain the necessary data to determine
the load behaviour and mechanical properties, a total
of 14 sets of five specimens in each set (70 bulk speci-
mens) were used. The requisite data for each sample
was recorded prior to measurement for subsequent in-
corporation into the evaluation. Two testing methods
were employed:
• quasi-static compression test,
• dynamic compression test (impact test).

The quasi-static test was conducted on an Instron
3382 universal loading machine, where the specimens
were subjected to uniaxial compression. The quasi-
static experiments were conducted using loading ve-
locity of 1 mm min−1 resulting in the nominal strain
rate of 300 s−1. The test was carried out until a steep
force drop was observed, indicating specimen failure.

As the experimental campaingn required several
months to be completely finished, the experimental
setup for dynamic testing could not be kept identical
due to other measurements performed in the labora-
tory. For this reason, two versions of the Split Hop-
kinson Pressure Bar (SHPB) were employed: the stan-
dard SHBP and a modified Direct Impact Hopkinson

Bar (DIHB). In all the experimental setups, the pa-
rameters of the experiment were set identical with the
average strain rate approximately 1600–1800 s−1, an
incident bar of 20 mm diameter and 1600 mm length
and a transmission bar of the same diameter and
2100 mm length were used. The striker bars employed
were 750 mm in length at 2.0 bar gas-gun pressure
and 648 mm in length at 1.8 bar gas-gun pressure [9].
The impact velocities were approximately 15 m s−1.
A high-speed camera was installed during the measure-
ments to obtain an image record of the test sample.
In all the experiments, a frame rate of the camera
was set to 300 kfps. The acquired image recordings
during the dynamic test are presented in Figure 4.
Figure 4a illustrates the initial sample location at
0 µs. Figure 4b shows the sample at 262 µs from im-
paction, with a displacement of 1.75 mm. Figure 4c
illustrates the violation of the observed sample region
at 349 µs, with a displacement of 2.88 mm. Figure 4d
demonstrates the complete deformation of the ob-
served central region of the sample at 396 µs from
impaction, with a displacement of 3.25 mm.

2.5. Data evaluation
The evaluation of the measured data was conducted
in MATLAB (MathWorks, Inc., USA) in order to
obtain the mechanical properties of the material and
to generate and compare stress-strain plots. The data
obtained from the quasi-static test did not require any
pre-processing and could be utilised immediately.

Dynamic experiments using the SHPB apparatus
were evaluated using data of the strain-gauges and
standard one-dimensional wave propagation theory.
The DIHB experiments were evaluated similarly to
the method described in [10] while only displacement
and velocity data were available at the input side.
Data from all the sensors were time-shifted to the
bar’s boundary with the specimen where correspond-
ing force, displacement and velocity quantities were
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evaluated. When data from redundant sensors were
available they were averaged. Wave dispersion effects
in the SHPB experiment were extensively reduced by
a thin soft copper pulse shaper placed at the impact
side of the incident bar. Overall, very good dynamic
equilibrium conditions with almost constant strain
rate were achieved in the experiments during as is
demonstrated in Figure 5.
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Figure 5. Typical dynamic equilibrium of the SHPB.

As the disintegration of the specimen occured al-
ways during the first impact wave in the experiment,
the results of the SHPB and DIHB experiments are
comparable. Typical strain rate during the experiment
plotted against specimen’s displacement is shown in
Figure 6 and typical dynamic equilibrium of the SHPB
experiment is presented in Figure 5. Experiments
carried out using the DIHB were of single-sided strain-
gauge instrumentation on the output side. The input
side was instrumented by the displacement/velocity
sensor only. Therefore, it was not possible to evalu-
ate force at the input side of some experiments and
the equivalent graph for the DIHB experiment is not
presented here.
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Figure 6. Typical strain rate during the experiment.

A number of evaluation scripts were employed to
calculate the generation of the diagrams and compute

basic mechanical properties, including Young’s modu-
lus in compression E, compression strength σU, yield
stress σY and relative shortening ϵtb.

The resulting curves displayed in the stress-strain
diagrams represent the mean curves corresponding to
each set of specimens. In the comparison diagrams,
the curve corresponding to the specimens tested im-
mediately after manufacture is taken as the reference
curve and compared with the other average curves of
the individual sets of specimens subjected to ageing
processes. Furthermore, the plots display the standard
deviation in transparent coloured areas around each
curve, which indicates the variability of the measured
data for each test sample in the set.

3. Results
3.1. Quasi-static compressive loading
A comparison of the stress-strain diagrams reveals
significant differences between the curves representing
samples exposed to sunlight (Figure 7a) and open
resin (Figure 7b) and those not exposed to any ageing
effect. The values of yield stress and ultimate strength
are notably higher in the former. The average yield
stress increased by approximately 76 % for the sets
exposed to sunlight and by 37 % for the open resin.
The ultimate compression strength decreased by ap-
proximately 12 % for the open resin samples in the
comparison, while it remained almost identical for the
other set (with a difference of 1 %).

In the case of X-ray exposure of the samples (Fig-
ure 7c), the data demonstrate that differences in the
engineering stress-strain curves emerge at strain val-
ues above 60 %, while at lower strain values the curves
are similar. This finding is consistent with the dif-
ferences in the average compressive strength values,
which indicate a reduction in yield stress and ultimate
strength of approximately 18 % and 15 %, respectively.

3.2. Dynamic compressive loading
Upon examination of the individual engineering stress-
strain diagrams, it becomes evident that the diagrams
exhibit greater variability than was observed in the
quasi-static tests. In comparison to the average curve
of the set of tested specimens immediately after fabri-
cation, the specimens exposed to sunlight for a period
of seven days exhibited higher values for both yield
stress (by approximately 12 %) and ultimate strength
(by 28 %). The specimens that were exposed for 25
days exhibited higher values for yield stress and ulti-
mate strength, with increases of approximately 45 %
and 20 %, respectively (Figure 8a). The average curves
corresponding to the specimens made of open resins
(Figure 8b) exhibited an increase in the average values
of yield stress and ultimate strength of approximately
16 % and 18 %, respectively. Additionally, a signifi-
cant difference in the maximum strain achieved was
observed, reaching approximately 40 % for the afore-
mentioned sets.
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(a). (b). (c).

Figure 7. A comparison of the resulting engineering stress-strain curves for quasi-static compression loading.

(a). (b). (c).

Figure 8. A comparison of the resulting engineering stress-strain curves for dynamic impact loading.

In the case of samples that have been exposed to
X-rays (Figure 8c), a similar behaviour of the samples
during the test can be observed as for samples made
of open resin, although with a greater difference in
the curves depending on the time of exposure to ra-
diation. The yield stress and strength values of the
samples tested after an exposure time of two hours
were found to be approximately 12 % and 23 % higher,
respectively. For the samples tested after an exposure
time of four hours, the yield stress and strength values
are approximately 21 % and 8 % higher, respectively.

3.3. Comparison of quasi-static and
dynamic loading

The basic mechanical properties were calculated from
the measured data, both for quasi-static loading and
for dynamic loading, and entered into the Table 1 and
Table 2. Concurrently, comparative plots of quasi-
statics versus dynamics were constructed for each type
of aging. The selected plots are presented in Figure 9.
The achieved values demonstrate that the average
yield stress values for quasi-static testing are signif-
icantly lower than those for dynamic testing, with
a difference of up to 77 % in the framework. With
regard to the strengths, it can be stated that in the
majority of cases, the relative difference is up to 5 %
on average. Furthermore, it is evident from Table 2
that the calculated mechanical parameters exhibit
relatively high standard deviations, which can be at-
tributed to the inherent variability of the individual
measured data.

4. Conclusions
As part of the study, sets of printed samples were
subjected to three different ageing effects using stere-
olithography: sunlight, X-rays, and the effect of the
time elapsed between the opening of the resin and its
use for production. The long-term stability, degra-
dation, and changes in mechanical properties of the
samples were investigated in accordance with the type
of ageing. In order to plot stress-strain diagrams and
determine the values of the basic mechanical proper-
ties, the samples were subjected to destructive loading
tests in the form of compression quasi-static and dy-
namic tests.

The results of the study indicated that the long-term
stability of the material was affected by the action of
ageing processes. The sets of samples exhibited dis-
parate mechanical behaviours under loading, resulting
in markedly disparate values for the mechanical prop-
erties. For sunlight, it was observed that large changes
in mechanical properties occur during the first week
of ageing, after which the changes become negligible
with increasing exposure time. The study of the effect
of opening the resin bottle showed different behaviour
for quasi-static and dynamic loading. While for the
dynamic compression test, a similar trend could be
observed over the course of the test for specimens
made from already-opened resin, for the quasi-static
test, the data varied depending on the time the resin
bottle was opened. For the samples exposed to X-rays,
no significant difference was observed as a function of
the time the samples were exposed.

19



V. Drechslerová, N. Krčmářová, J. Falta, T. Fíla Acta Polytechnica CTU Proceedings

Mechanical characteristic
Aging E σY σU ϵtb

[MPa] [MPa] [MPa] [%]
Immediately 1608.50± 20.02 45.60± 1.98 258.63± 11.17 1.55± 0.82
Sunlight (7 days) 2678.19± 20.43 80.35± 1.56 257.25± 1.96 6.47± 0.25
Sunlight (25 days) 3027.57± 88.02 83.07± 0.58 270.99± 3.46 5.07± 0.48
Open resin (6 months) 2095.65 ± 57.62 60.05± 2.79 220.89± 1.92 7.09± 0.37
Open resin (10 months) 2257.48± 67.88 63.62± 1.00 235.23± 6.94 6.81± 0.42
X-ray (50 kV,2 hr) 1816.69± 33.38 50.70± 2.77 209.20± 7.08 6.79± 0.64
X-ray (50 kV,4 hr) 1983.25± 32.36 54.87± 1.62 220.28± 6.89 6.80± 0.51

Table 1. Quasi-static compression test – mechanical characteristic values.

Mechanical characteristic
Aging E σY σU

[MPa] [MPa] [MPa]
Immediately 1846.77± 18.29 159.53± 23.77 194.91± 16.81
Sunlight (7 days) 1118.87± 71.45 173.49± 11.59 248.53± 0.57
Sunlight (25 days) 1175.46± 15.07 218.60± 39.02 232.95± 3.75
Open resin (6 months) 1964.58± 140.48 174.48± 16.16 223.11± 1.32
Open resin (10 months) 1646.88± 180.23 183.79± 4.99 235.05± 1.34
X-ray (50 kV,2 hr) 1834.27± 69.71 175.63± 5.24 239.26± 12.48
X-ray (50 kV,4 hr) 2384.55± 133.07 187.11± 1.96 209.82± 6.79

Table 2. Dynamic impact test – mechanical characteristic values.

(a). (b). (c).

Figure 9. A comparison of the resulting engineering stress-strain curves for quasi-static and dynamic loading.
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