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Abstract
In this paper the creep of short (chopped) basalt fibre reinforced Poly(Lactic Acid) (PLA)
composites was investigated. 5, 10, 20 and 30wt% short basalt fibre reinforced composites were prepared
by using twin-screw extrusion followed by injection moulding. Differential Scanning Calorimetry (DSC)
measurements revealed that the basalt fibres had nucleating effect on the PLA grade used in this study,
while Scanning Electron Microscopy (SEM) demonstrated that there was strong adhesion between the fibre
and the matrix. Fibre distribution analysis showed that there was no significant statistical difference
between the average fibre lengths of all of the produced composites. Finally, creep mastercurves were
constructed using the single creep curves obtained by applying 10, 20, 30, …, 90% of the tensile strength
of the composites as a static creep loading force. It was demonstrated that the basalt fibres as reinforcements
can effectively reduce the strain and increase time to failure of the composites during creep load and thus
could open the possibilities for PLA based composites to be used in long-term constantly loaded structural
or engineering applications.
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1. Introduction
Nowadays, there is a growing interest in the application of biodegradable polymers due to
environmental consciousness. Since some members of the biodegradable polymers are also renewable
resource based they are believed to solve or at least to moderate the petrol dependency of the plastic industry
as well as the waste management problems caused by accumulation of non-biodegradable, low life-cycle
plastic products mostly coming from the packaging industry.1
Currently, the most promising biodegradable polymer is the starch and sugar based Poly(Lactic
Acid) (PLA),2 which is already commercialized as bottles, cups, cutleries, office utensils, agricultural mulch
films, medical bio-absorbable implants, etc., and actively researched to widen its applications for instance
by foaming,3 by increasing biodegradation rate4 or having shape-memory properties.5 PLA is a semicrystalline aliphatic thermoplastic polyester with high strength (tensile strength around 60-65 MPa), high
stiffness (tensile modulus around 3-3.5 GPa) but with rather low impact strength (Charpy notched and
unnotched impact strength around 2.7 and 23 kJ/m2 respectively) and heat deflection temperature (HDT)
of around 50-55°C. To overcome these drawbacks of low impact strength and HDT, reinforcing fibres are
typically introduced to PLA to prepare composites.6 In most cases plant fibres and thus renewable resource
based fibres are used for composite preparation; in this way the final composite is mostly referred to as
biocomposite.7-17 Unfortunately, plant fibres also have some major drawbacks compared to synthetic fibres
of glass or carbon, like the higher deviation of the properties of the fibres, which is influenced by the source
of the fibre, the age of the plant and the fibre extraction method used. Further drawbacks are the significant
water uptake, lower mechanical properties compared to synthetic fibres, and the susceptibility to thermal
degradation.18 Accordingly, the biocomposites with higher mechanical properties are often achieved with
pulltrusion10 or film stacking11,12 methods to keep the extent of degradation of the fibres low and the fibre
ratio as well as the length of the fibres ratio high. At the same time, the high cycle time method of filmstacking is not always suitable to commercialize PLA biocomposite products in an economic way,
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moreover, only flat-like products could be made this way. Subsequently, injection moulding can be used to
preferably produce complex 3D shaped parts with low cycle time in an economic way, making this
processing technology the most feasible to commercialize PLA products. However, there are only minor or
moderate improvements in the mechanical properties of the biocomposites when injection moulding is
applied13,14 due to the thermal degradation of the fibres as well as fibre breakage, that resulted in a low fibre
aspect ratio (around 40-50%) and finally due to the lower design-ability of the mechanical properties caused
by the partial in-flow fibres orientation, since only a shell layer contains in-flow oriented fibres, while the
core layer contains fibres with random orientation. As it is demonstrated, it is challenging to produce
injection moulded biocomposites with high mechanical properties mainly due to the properties of the plant
fibres and also due to some features of the injection moulding technology.
An alternative to plant fibres could be a rather new reinforcing material, the basalt fibres.19-21
Although basalt fibres are not plant and thus not renewable resource based, but mineral fibres, they are still
considered as natural like the plant fibres since basalt can be found in the nature in the form of basalt rocks
virtually all over the Globe. Moreover, it is a biologically and chemically inert material and by the
weathering of basalt rocks, it increases the mineral content of soil, which features also increase the natural
character of basalt. By simply melting the basalt rocks, short or continuous basalt fibres can be made by
using the spinneret or the Junkers technology respectively.22 Although basalt seems to be a good alternative
to plant fibres, there are only a limited number of publications in the literature of basalt fibre reinforced
PLA based composites23-27 or basalt fibre reinforced other biodegradable matrix composites like starch28 or
gluten.29 Xi et al.23 produced PLA based scaffolds for hard tissue repair with basalt fibre reinforcement. It
was proved that the basalt fibres significantly reduce the rate of degradation of the scaffold, and also
decreases inflammatory responses caused by acidification during absorption of the PLA. It was confirmed
that PLA scaffolds reinforced with basalt fibres can be potentially used in hard tissue repair. It was proved
by Liu et al.24 that basalt fibres with certain sizing can significantly increase tensile, bending and impact
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strength of PLA. It was possible to further increase the impact strength of PLA from 19 kJ/m 2 to 34 kJ/m2
(unnotched impact strength) at 20wt% of basalt fibre content by adding 20wt% of ethylene-acrylateglycidyl methacrylate copolymer (EAGMA) to the composite. Kurniawan et al.25 analysed the adhesion
between surface treated (atmospheric pressure glow discharge plasma polymerization) basalt fibres and
PLA. It was proved that by increasing the plasma polymerisation time above 3 minutes, the tensile strength
of the composites increased above the own strength of PLA. The plasma polymerised fibres were well
wetted by the PLA as demonstrated by using electron microscopy, however the tensile strength of the
composite was lower compared to results from Liu et al.24 In our previous publication26 related to injection
moulded PLA reinforced with short (chopped) basalt fibres it was demonstrated that it is possible to develop
strong adhesion between the PLA and the basalt fibres by using silane sizing. The strong adhesion was
demonstrated by electron microscopy by observing excellent wetting of the fibres. Recently, in our other
publication,27 long basalt fibre reinforced injection moulded PLA composites were prepared by first
producing a pre-product of basalt roving extrusion coated with PLA and followed by injection moulding of
this pre-product. It was found that the average fibre length within the final composites increased from 159
μm (“classical” extrusion compounding followed by injection moulding) to 658 μm by applying this long
fibre injection moulding technology. As a result, around 20% increase was found in tensile and flexural
strength of the long basalt fibre reinforced PLA composites compared to the composites with the same fibre
ratio but with lower average fibre length, while the most significant improvement was found in the three
times higher impact strength. Finally, a review was published recently according to basalt fibre composites
including biodegradable matrix composites.30
As it was demonstrated, basalt is an excellent reinforcement for PLA and even injection moulded,
basalt fibre reinforced PLA parts with high mechanical properties can be made despite of the typically
significant fibre breakage taking place during processing. However, to be able to use and design basalt fibre
reinforced PLA composites in engineering applications, its long-term behaviour, especially its creep
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behaviour needs to be investigated, since thermoplastic polymer based composites are designed not to
maximum allowable stress, but to maximum allowable strain. Bakonyi et al.31-33 extensively researched the
creep of glass fibre reinforced Polypropylene (PP) and found that based on the temperature-time and loadtime superposition principle, long-term creep curves (mastercurves) could be constructed from short-term
creep measurements. In a recent publication34 the creep of PLA/bamboo fibre compression moulded
composites was investigated by using temperature-time superposition principle. However, the number of
these papers is still very limited, despite of the interest of reinforced PLA composites in structural
applications.
Although the creep of ordinary, petrol based polymers and their composites was extensively
investigated, but according to our best knowledge, the number papers dealing with reinforced PLA is very
limited, moreover there is not a single paper dealing with the long-term behaviour of basalt fibre reinforced,
injection moulded PLA composites. Accordingly in our work, basalt fibre reinforced PLA composites were
prepared by using extrusion compounding and the long-term creep behaviour of the final injection moulded
composites with different fibre ratio was investigated by using short-term creep tests and load-time
superposition principle.

2. Experimental
2.1. Materials
Injection moulding grade PLA type 3052D from NatureWorks (Minnetonka, MN, USA) was used
for the research with a D-Lactide content of around 4%. 3052D PLA has a density of 1.24 g/cm3, a glass
transition temperature range of 55-60°C, a melting temperature range of 145-160°C and a melt flow index
of 14 g/10min (at 210°C, with 2.16 kg load). Chopped basalt fibres with an initial fibre length of 10 mm
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was purchased from Kameny Vek. The average diameter of the fibres was 13 μm and had a silane treatment
under trade name KV-12 suitable for polyesters.

2.2. Material preparation and processing
PLA was dried at 120°C for 6 hours prior to processing to remove as much residual moisture as
possible to avoid hydrolitical degradation. Even though basalt fibres have no hydrophilic character, they
were also dried along with the PLA to remove any residual moisture from the surface of the fibres. PLA
based composites with a nominal basalt fibre content of 5, 10, 20, 30 wt% were prepared by using chopped
(10 mm) basalt fibres and the conventional dry mixing, extrusion, pelletizing and injection moulding
method. The extruder used was a LabTech Scientific twin screw extruder (screw diameter = 26 mm, L/D =
40) with a temperature profile of 175-180-185-190°C (from the hopper to the die) and a screw rotational
speed of 10 rpm. All pellets were annealed prior to injection moulding at 120°C for 2 hours to avoid pellet
sticking to the screw during injection moulding caused by cold crystallisation reported in our previous
research.35 Finally, the basalt fibre reinforced PLA pellets were injection moulded with an Arburg
Allrounder 370S 700-290 injection moulding machine equipped with a 30 mm diameter, L/D = 25 screw.
An injection rate of 50 cm3/s, holding pressure of 600 bars, holding time of 20 sec, residual cooling time of
40 sec, melt and mould temperature of 190°C and 20°C were used. Based on EN ISO standard number 5272 dumbbell specimens type 1A with 4x10 mm cross-section (172 mm in total length, 80 mm in the length
of 4x10 mm cross-section) were injection moulded and used for the investigations.

2.3. Methods
Differential Scanning Calorimetry measurements were performed on a TA Instruments Q2000
type calorimeter (New Castle, USA) by using 3-6 mg of samples taken from the middle of the cross-section
of the injection moulded specimens. Since a skin/core structure develops during injection moulding, where
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in the skin layer lower, but in the core layer higher crystalline ratio develops due to the different cooling
rates, thus in this case, the maximum crystallinity of the given specimen could be determined by taking the
calorimetry samples from the middle of the cross-section. The samples were tested in non-isothermal mode
(heat/cool/heat) from 0 to 200°C at a heating/cooling rate of 5°C/min to determine glass transition
temperature (Tg), cold crystallisation temperature (Tcc), enthalpy of cold-crystallisation (ΔHcc), melting
temperature (Tm), and enthalpy of fusion (ΔHm). Crystallinity was calculated from the first heating scan of
the injection moulded specimens by using Equation (1):

X 

H m  H cc
 100 ,
H f  (1   )

(1)

where X [%] is the calculated crystallinity, ΔH m [J/g] and ΔHcc [J/g] is the enthalpy of fusion and
the enthalpy of cold-crystallisation respectively, ΔHf [J/g] is the enthalpy of fusion for 100% crystalline
PLA (93.0 J/g36) and α [-] is the mass fraction of the basalt fibres.
After calcinating the samples (at 700°C for one hour) taken from the middle of the injection
moulded specimens, the actual fibre content was determined by analysing the weight of the residual
compared to the weight of the sample prior to calcination as well as the fibre length distribution was
measured determining the length of the fibres by using optical microscopy (type Olympus BX 51M). 1000
fibre lengths were determined for each sample to characterise distribution.
Scanning Electron Microscopy (SEM) was performed by using a Jeol JSM 6380LA type electron
microscope to investigate the quality of adhesion between matrix and reinforcement. The fracture surfaces
of the tensile specimens were used for the observations. Au/Pd alloy was sputtered onto the surface prior
to observation to avoid electrostatic charging.
Finally, creep tests were performed according to EN ISO 899-2 standard by using a Zwick Z250
universal testing machine. The force and strain (nominal extension) was determined by a Zwick BZ
020/TN2S load cell, and by the movement of the cross-head (the change in distance between the grips)
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respectively. The injection moulded samples were used without any further processing or machining, thus
the creep of the given sample also represents its skin/core structure developed during processing. First, the
tensile strength of each composite was determined by using force controlled tensile testing. Only for the
tensile tests, strain was not only determined by the movement of the cross-head, but also more precisely by
using an extensometer as a verification. A load rate of 20 N/s was used and 20 specimens were tested.
Afterwards, 10, 20, 30, 40, 50, 60, 70, 80 and 90% of the determined maximum force value was used as
static loading force for the creep tests. These are named as load “levels” (for instance 30% load level) since
it is a dimensionless quantity. 20 N/s load rate was applied until the force reached the given static loading
level and kept it for one hour. Two specimens were used for each loading level if the specimens did not
break until the one hour creep test, and 6 specimens were used if they were broken during the creep test.
All of the measurements were performed at room temperature (23 ± 1°C) and at a relative humidity of 50
± 10%. Finally, by using the load-time equivalence principle, master curves were constructed. Since every
mastercurve is related to a certain load level, thus this desired value must be selected first, namely, in our
case 50% of load level was selected. Afterwards, the single time-strain creep curve in logarithmic scale
related to the selected load level was depicted in a diagram and the other curves with higher loading levels
were fitted to the original curve by shifting in the time-scale. For comparison, mastercurves were also
constructed by modifying the creep strain data calculated from the cross-head movement with the strain
data obtained during the tensile tests using extensometer. The modification was performed based on the
ratio of the strain values measured by the two different method.

3. Results and discussion
First, the DSC measurement of the basalt fibre reinforced PLA composites and the pristine PLA
was performed in order to analyse the possible nucleating ability of basalt fibres on PLA and thus the
crystallinity of the injection moulded specimens. Although PLA is a semi-crystalline thermoplastic
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material, but unfortunately, it has very slow crystallization kinetics, meaning that during injection moulding
usually only a few percent of crystallinity develops due to the high cooling rate. Nucleating agents can be
used for enhancing crystallization, but it is still challenging to develop high or even the possible maximum
crystallinity of around 40-50% during processing.37 According to the basalt fibre reinforced PLA samples,
the first heating scan was analysed and the thermal history was not erased, thus the crystallinity values
represent the crystallinity of the injection moulded specimens (Table 1).
Material
ΔHcc/J g-1
ΔHm/J g-1
X/%
Tg/°C
Tcc/°C
Tm/°C
PLA
28.64
29.31
0.7
60.9
106.5
147.3 and 154.7
PLA+5wt% basalt fibre
27.96
28.67
0.8
61.6
102.3
146.7 and 154.8
PLA+10wt% basalt fibre
21.13
26.79
6.8
62.3
102.5
146.9 and 154.9
PLA+20wt% basalt fibre
21.16
26.39
7.0
61.9
103.6
147,1 and 155.1
PLA+30wt% basalt fibre
15.35
19.99
7.1
63.5
104.0
147.2 and 155.0
Table 1. DSC data of the basalt fibre reinforced PLA composites and the pristine PLA obtained
from the first heating scan

As it can be seen, the addition of basalt fibres to PLA did not significantly modify the transition
temperatures, moreover and most importantly it also had only low effect on the crystallinity values.
Although by increasing basalt fibre content crystallinity increased, thus basalt fibres had nucleating ability,
probably by developing a trans-crystalline structure around the fibres.38 However, since a PLA with
relatively high D-Lactide content (4%) was used, which is rather difficult to crystallize compared to lower
D-Lactide content PLA grades, as a result, only low crystallinity of 7.1% was reached even when 30wt%
basalt fibres were added to PLA.
In the next step the real basalt fibre content in the composites (Fig. 1) as well as the distribution of
fibre lengths (Fig. 2) was investigated.
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Fig. 1. Measured (real) fibre content in the function of nominal fibre content

Fig. 2. Average fibre length as a function of fibre content
There was only minor variance found between the nominal and the measured real basalt fibre
content of the composites meaning that the technology used to produce the composites was adequately
precise. Regarding to the fibre lengths, it can be observed that, the average basalt fibre length was almost
independent from the basalt fibre content within the investigated 5-30wt% basalt fibre content range.
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Although there was no significant statistical difference found between the average fibre length of all of the
composites, namely, 424 ± 194 μm, 376 ± 117 μm, 404 ± 140 μm and 334 ± 118 μm for the 5, 10, 20 and
30wt% basalt fibre composites respectively, but if the whole distribution is taken into consideration (Fig.
3), it is visible that the amount of longer fibres decreased while the amount of shorter fibres increased with
increasing basalt fibre content. This could be explained by the increasing fibre-fibre friction during
processing with the increasing fibre content.

Fig. 3. Fibre distribution of 5wt% (a), 10wt% (b), 20wt% (c) and 30wt% (d) basalt
fibre content PLA composite

After determining the real fibre content and fibre length distribution of specimens, their fracture
surface was also investigated by scanning electron microscopy to qualify the adhesion between the phases
(Fig. 4).
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Fig. 4. Fracture surface of 5wt% (a), 10wt% (b), 20wt% (c) and 30wt% (d) basalt
fibre content PLA composite

As it is visible, there was strong adhesion found for every compound, which is manifested in the
PLA layer that developed on the surface of the basalt fibres as well as in the absence of any gap between
the root of the fibres and the matrix. On the other hand, some longer basalt fibres pointing out from the
fracture surface suggests that some of the fibres got pulled out. Moreover, interestingly, some of the
possibly pulled-out fibres had a periodic band shaped PLA layer along the length of the fibres (Fig. 4/a and
/c) which suggests the failure of the matrix by intensive shearing action during the tensile testing. The
strong adhesion demonstrated on the SEM images was naturally also observable in the tensile properties of
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the composites (Table 2), which was determined to use this maximum force at break value as a point of
reference for applying various static loading levels during creep tests.
Strain at break/%
Strain at break/%
(cross-head
(extensometer)
displacement)
PLA
68.9 ± 1.1
2758 ± 46
3.49 ± 0.12
3.26 ± 0.43
PLA+5wt% basalt fibre
73.0 ± 2.0
2920 ± 79
3.05 ± 0.48
2.97 ± 0.31
PLA+10wt% basalt fibre
78.9 ± 0.8
3154 ± 34
2.71 ± 0.34
2.58 ± 0.29
PLA+20wt% basalt fibre
97.7 ± 3.0
3906 ± 120
2.22 ± 0.06
1.94 ± 0.02
PLA+30wt% basalt fibre
106.5 ± 2.4
4260 ± 96
2.01 ± 0.10
1.64 ± 0.14
Table 2. Tensile properties of the basalt fibre reinforced PLA compounds and the pure PLA
Material

Tensile
strength/MPa

Maximum force
at break/N

Both tensile strength (68.9 MPa + 1.2804 MPa/wt%, R2=0.98) and strain at break (3.49% 0.056%/wt%, R2=0.91 for cross-head displacement and 3.26% - 0.058%/wt%, R2=0.97 for extensometer)
was found to increase and decrease linearly with increasing basalt fibre content in the investigated 0-30wt%
basalt fibre range respectively. According to the strain values, there was no statistically significant
difference found between the strain of PLA and 5wt% basalt fibre reinforced PLA measured by the two
different methods (cross-head displacement and extensometer), On the other hand there was minor
difference between the strain of 10wt%, while there was even statistically significant difference between
the strain of 20wt% and 30wt% basalt fibre reinforced PLA measured by the two different methods. For
the creep tests, the cross-head displacement was used to calculate strain, while for the mastercurves
construction, the more precise extensometer strain data obtained from the tensile tests is also taken into
account. From the tensile data, 10, 20, 30, 40, 50, 60, 70, 80 and 90% of the determined maximum force at
break values were used as a static loading levels for the creep tests. First, the creep behaviour of pure PLA
was analysed (Fig. 5).
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Fig. 5. Creep strain of pure PLA at various static loading levels. The curves are
averaged creep curves, while the cross means the breakage of the single specimens

Naturally, the higher the loading level was applied, the higher the strain was measured, moreover,
the PLA specimens did not break within the one hour creep test until 70% of the maximum force at break
was applied as static loading level. In case of 5wt% basalt fibre reinforcement (Fig. 6/a), the strain of the
specimens decreased for the same static loading level, which corresponds to increased creep resistance,
meaning that more time was needed to reach the same deformation compared to pure PLA specimens.

15

Fig. 6. Creep strain of 5wt% (a), 10wt% (b), 20wt% (c) and 30wt% (d) basalt fibre
reinforced PLA at various static loading levels. The curves are averaged creep curves,
while the cross means the breakage of the single specimens

Nevertheless, basalt fibres also made the composites more brittle, resulting in decreased maximum
strain at break where creep leads to failure, but, on the whole, the creep retarding effect of basalt fibres was
still higher than its embrittlement effect, what makes the usage of basalt fibres useful for mechanically
loaded long term applications. The same trend could be observed when 10wt% (Fig. 6/b), 20wt% (Fig. 6/c)
or 30wt% (Fig. 6/d) basalt fibre reinforcement was used. Finally, creep master curves were constructed
from the single creep curves in case of 50% loading level by applying the load-time equivalence principle
(Fig. 7).
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Fig. 7. Creep mastercurves for pure PLA and 5wt%, 10wt%, 20wt%, 30wt% basalt
fibre reinforced PLA in case of 50% loading level constructed by using the creep strain
data from cross-head displacement (a) and from modified creep strain data obtained by
extensometer measurements (b)

As it was discussed previously, it is also visible and easily observable in the master curves that by
increasing the basalt fibre content, the strain at break naturally decreases, thus failure occurs at lower strain
values, at the same time, the creep resistance increases even more, which results in increased time to failure.
Although crystalline structure could also reduce creep, but in this case, the reduced deformation can be
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almost entirely related to basalt fibre content, since it was proved previously that these fibres had only
negligible effect on the crystallinity of the PLA grade used in this study. It can also be observed that despite
of the increasing fibre length reduction experienced with increasing fibre content as proved previously,
there was still remarkable improvement found in creep resistance with more and more increasing fibre
content in the investigated 0-30wt% fibre content range, which could be related to the strong fibre-matrix
adhesion as well as to the increased fibre content naturally. For comparison, mastercurves were also
constructed by modifying the creep strain data (obtained from cross-head displacement) by the tensile test
strain results obtained by using extensometer. Since there was no significant statistical difference between
the strain of PLA and 5wt% basalt fibre reinforced PLA measured by the two different methods (Table 2),
thus only the strain of 10wt%, 20wt% and 30wt% basalt fibre reinforced PLA was modified (Fig. 7/b). As
it is visible, the mastercurves of 10wt%, 20wt% and 30wt% basalt fibre reinforced PLA shifted to lower
strain values, however, this decrease was rather minor. Nevertheless, much higher difference is expected
between the strain measured by using the two different methods in case of highly reinforced, thermoset
materials.
Finally, the creep strain time (at failure) estimation obtained from the mastercurves was also
plotted against basalt fibre content (Fig. 8) to be able to investigate the effect of basalt fibre content directly.
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Fig. 8. Creep strain time (to failure) estimation as a function of basalt fibre content
in case of 50% loading level

As it is visible, the creep strain (at failure) estimation obtained from the master-curves could be
very well fitted by an exponential equation with the basalt fibre content as variable in the investigated 030wt% basalt content range. All these results demonstrate that the basalt fibre reinforced PLA based
composites could even be used in long-term constantly loaded structural or engineering applications.

4. Conclusion
In our research the creep of short (chopped) basalt fibre reinforced Poly(Lactic Acid) (PLA)
composites was investigated. 5, 10, 20 and 30wt% short basalt fibre reinforced composites were prepared
by twin-screw extrusion followed by injection moulding. Differential Scanning Calorimetry (DSC)
measurements revealed that the selected basalt fibres had nucleating effect on PLA used for this study,
accordingly, the crystallinity of injection moulded PLA of 0.7% was increased up to 7.1% by incorporating
30wt% of basalt fibres. However, the low increase in crystallinity could be explained by the rather high DLactide content (4%) of the PLA used, which is difficult to crystallize compared to a PLA with lower D-
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Lactide content. The real basalt fibre content of the composites was measured and it was in good accordance
with the nominal fibre content. According to the fibre distribution, there was no significant statistical
difference found between the average fibre length of 5wt%, 10wt%, 20wt% and 30wt% basalt fibre
composites, but if the whole distribution is taken into consideration it was visible that the amount of longer
fibres decreased while the amount of shorter fibres increased with increasing fibre content. Scanning
Electron Microscopy (SEM) revealed that there was strong adhesion between the fibre and the matrix, at
the same time, some of the possibly pulled-out fibres had a periodic band shaped PLA layer along the length
of the fibres which suggests the failure of the matrix by intensive shearing action. Prior to creep
measurements, the tensile strength of the basalt fibre reinforced composites was determined, to be able to
use 10, 20, 30, …, 90% of the tensile strength of the composites as a static creep loading force. Creep
mastercurves were constructed using the short-term single creep curves obtained by applying various static
creep loading forces determined previously and the load-time equivalence principle. It was demonstrated
that the basalt fibres as reinforcements can effectively reduce the creep strain of the composites and despite
of the fibre length reduction demonstrated previously, there was still significant creep resistance
improvement found with more and more increasing fibre content due to strong fibre-matrix adhesion.
Finally, all these result demonstrate, that by using the conventional twin-screw extrusion and injection
moulding techniques, the short basalt fibre reinforced, injection moulded PLA could even be used in longterm constantly loaded structural or engineering applications.
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