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A B S T R A C T

Carbon fibre thermoplastic composites are emerging as an attractive alternative to thermoset composites for 
next-generation aerospace applications due to combination of manufacturing efficiency, mechanical perfor
mance, weight reduction, and sustainability benefits. The damage-tolerance of thermoplastic composite struc
tures is influenced by their translaminar fracture toughness. Although temperature is known to influence the 
properties of these composites, its impact in the dynamic regime—particularly on the translaminar energy 
release rate related to fibre fracture—has not been extensively studied. This study shows, for the first time, the 
experimental characterisation of the dynamic mode-I translaminar critical energy release rate at various tem
peratures for a carbon fibre PEEK composite. An adaptation of the split Hopkinson pressure bar system was used 
to conduct compact tension experiments at high loading rates. Digital image correlation (DIC) analysis on ultra 
high-speed images was employed to extract the strain fields, crack tip location and the opening displacements in 
the different cases. By using the area method to evaluate the fracture energies, we found that the worst case for 
dynamic fracture, where the critical energy release rate was found to be minimum, was at 90 ◦C, showing 27 % 
lower energy than at room temperature. Specimens tested at -55 ◦C showed no significant difference to the room 
temperature high-rate experiments. DIC, micro-CT and SEM imaging offered insights on the underlying mech
anisms behind these experimental observations.

1. Introduction

The demand for high performance composite structures in aerospace 
and automotive industries is continuously growing. This is primarily 
driven by their high specific strength and the potential for lifetime 
greenhouse gas emissions reduction due to lightweighting. However, 
most of the composites in service are made with thermoset matrix sys
tems such as epoxy and are hard to recycle at their end of life because of 
their high crosslinking. In recent years, the interest in repairability and 
recyclability of composites have motivated the exploration of thermo
plastic matrix composites [1–4]. The ability to remelt and reshape 
thermoplastics allows for easier repairs and recycling. Parts can also be 
manufactured in minutes rather than hours, with up to 80 % reduction in 
manufacturing cycle times. The ductility of the thermoplastic matrix has 
been shown to improve toughness and damage tolerance of composites 
[5]. Carbon fibre reinforced thermoplastic composites (CFRTP) with a 
wide range of engineering thermoplastics such as polyamide (PA), pol
ycarbonate (PC), polyetheretherketone (PEEK), polyetherimide (PEI), 

and polyethersulfone (PES) have been studied [6–8]. The combination 
of high strength, stiffness, and resistance to wear and fatigue make 
carbon fibre PEEK composites (CF/PEEK) an attractive material for a 
wide range of applications where high-performance and durability are 
required [2,3,9].

There are some papers that have studied the strain rate effects on the 
stiffness and strength properties of CFRTPs [10–12]. It is well reported 
that the mechanical behaviour of CF/PEEK composites is influenced by 
loading rate and temperature due to the existence of thermal transitions 
in polymer behaviour [13]. PEEK typically exhibits a decrease in stiff
ness and an increase in ductility with increasing temperature [14]. This 
effect occurs due to the reduction in intermolecular forces within the 
polymer chains as the temperature rises. The increased thermal energy 
disrupts the regular packing of polymer chains, leading to increased 
chain mobility and reduced resistance to deformation [15]. High strain 
rate also causes changes in the yielding and plastic flow behaviour 
resulting in a continuous hardening and loss in ductility [16–20]. 
Finally, composite components used in aerospace structures are 
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subjected to a broad range of temperatures during their service life. In 
particular, the temperature of an aircraft operating at cruise altitude is 
approximately − 55 ◦C. It has been reported that thermoplastic materials 
exposed to progressively lower temperatures undergo a transition 
known as the ductile-to-brittle transition. This effect occurs due to the 
decreased mobility of polymer chains as the temperature drops. The 
reduced thermal energy restricts the movement of polymer chains, 
leading to diminished chain flexibility and increased intermolecular 
interactions. Consequently, PEEK becomes more rigid and prone to 
brittle fracturing when subjected to loads [21]. The mismatch of the 
thermal expansion coefficient between the fibres and the matrix also 
results in internal stresses, with a pronounced effect on the strength of 
the composites [22].

It is not sufficient to know only the effect of strain rate on stiffness 
and strength properties of the fibre reinforced composites as there is a 
significant effect on the energy absorption, crack propagation mecha
nisms, and failure modes of composite materials. The characterization of 
fracture behaviour under dynamic loading conditions is critical for the 
adoption of composite materials in high performance structural appli
cations. The fracture toughness of composites can be classified into 
interlaminar, intralaminar and translaminar fracture [23]. Translaminar 
failure occurs when the crack propagates through the thickness of the 
laminate [24,25]. The translaminar fracture toughness not only plays an 
important role in the assessment of the damage tolerance of composite 
structures and their behaviour during damage propagation, but it is also 
relevant in the definition of the softening laws required in predictive 
numerical models [26]. Under tension, fracture usually occurs as a result 
of fibre breakage and pull-out, while under compression, this process is 
through crushing or kinking. It has been reported that a significant 
fraction of the impact energy is dissipated by creating the translaminar 
fracture surface and therefore it is essential to investigate the strain rate 
effects of translaminar fracture [27]. However, there is no consensus on 
the influence of strain rate on the translaminar fracture with different 
research publications indicating contradictory results depending on 
specimen geometry and data reduction methods [28]. Temperature is 
another factor that can influence the capability of composites to resist 
crack growth. At subzero temperatures, it has been reported that 
embrittlement of the matrix causes a reduction in fracture toughness of 
composites [29]. Similarly, at elevated temperatures fibre bridging and 
matrix ductility can cause increase in fracture toughness [25]. It is 
therefore recommended to test the mechanical behaviour of aerospace 
composites at different temperatures (− 55 ◦C, 20 ◦C and 90 ◦C) perti
nent to the service life of aerospace structures [30].

The strain energy release rate (SERR) can be determined by 
measuring the applied load and crack length during crack propagation, 
and then using fracture mechanics principles. There is considerable 
literature about the interlaminar failure of carbon fibre composites but 
there is limited data on fracture energy due to fibre failure [31,32]. 
Translaminar fracture, mainly dominated by fibre failure, requires more 
energy compared to matrix driven failure processes [33,34]. Experi
mental determination of the fracture toughness associated with these 
fibre failure modes is significant to accurately model the 
fibre-dominated damage behaviour. Compact Compression (CC) and 
Compact Tension (CT) tests originally designed for the testing of 
metallic materials have been adapted for the determination of both 
tensile and compressive fibre-dominated fracture toughness [35]. Other 
researchers such as Catalanotti et al. [36] used similar configuration of 
CT test of thermoset composites and applied Digital Image Correlation 
(DIC) technique for identification of the crack tip location to charac
terize the crack resistance curve (R-curve). The strain energy release rate 
(G) can be evaluated via several techniques. Common methods include 
the compliance method, experimental compliance calibration, the area 
method, or finite element analysis [37]. It was reported that analysing 
the propagation of translaminar cracks presents challenges because 
longitudinal fractures and delamination resulting from matrix cracking 
and fibre/matrix debonding tend to happen simultaneously with fibre 

fracture [38]. The choice of the testing configuration can significantly 
impact the measurement of fracture toughness, and this may be influ
enced by factors such as specimen specifications (including matrix type, 
fibre orientation, and stacking sequence), the dominance of delamina
tion mechanics, the stress concentration near the crack tip, and other 
failure mechanisms occurring in regions opposite to the crack tip [39].

This paper investigates the combined effect of high strain rate and 
temperature on the critical translaminar strain energy release rate of 
fibre fracture in tension of CF/PEEK composites. Dynamic compact 
tension experiments are conducted at high loading rates using a Split 
Hopkinson Pressure Bar (SHPB). Additionally, the effect of temperature 
on the fracture properties is investigated by conducting the tests at 
room, hot (90 ◦C), and cold (− 55 ◦C) temperatures.

In the following section, the material, specimen design, and experi
mental techniques are described. Section 3 presents and discusses the 
results, including the mechanical tests and post-mortem analysis using 
SEM and micro computed tomography (micro-CT) scans. Finally, Sec
tion 4 provides concluding remarks.

2. Experimental

2.1. Material and specimen manufacture

The compact tension specimen design and layup were based on those 
introduced by Pinho and Laffan [40–42]. Originally developed to 
characterise the translaminar fracture toughness of composites under 
quasi-static conditions, they have since been adapted for high-speed 
experiments by other authors [43–47].

A 305 mm × 305 mm composite plate with 34 plies, with a layup 
[(90∘,0∘)8, 90∘]s, was made of AS4/PEEK APC2 thermoplastic prepreg 
supplied by Solvay with a weight fraction of resin of 34 %. The plate was 
manufactured in a hot press, where it was consolidated at a temperature 
of 390 ◦C for 20 min under a prescribed total force of 62 kN, following 
the cycle recommended by the supplier. Specimens were cut from this 
plate with water jet and finely grounded to the final geometry (except 
the 10 mm cut) shown in Fig. 1. The sharp notch was created in two 
steps: (i) a 10 mm straight cut was made using a low-speed precision 
sectioning saw (IsoMet 5LC, Buehler, USA); and (ii) a 0.1 mm micro saw 
(‘micro dozuki’) was used with a careful sawing motion to produce the 
final crack tip.

2.2. Mechanical characterisation

Quasi-static (QS) experiments were conducted in the screw-driven 
universal testing machine Zwick Z250 (Zwick, Germany) with a pre

Fig. 1. Compact tension specimen design, showing dimensions and indicating 
the two steps to produce the crack tip.
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scribed crosshead speed of 0.5 mm/min. The load was applied in the 
y-direction (see Fig. 1) via cylindrical loading pins of 8 mm diameter. A 
camera BM-500GE (JAI Ltd, Japan) was setup to capture 1 photograph 
per second at a resolution of 2456 × 2058 pixels. The applied load was 
measured with a 20 kN load cell mounted in the machine’s crosshead. 
The history of opening displacement (OD) was measured using DIC to 
track the loading pins.

Dynamic impact or high-rate (HR) tests were conducted in the tensile 
split-Hopkinson pressure bar (Fig. 2) developed by Gerlach et al. [48]; 
further details about this configuration can be found in the original 
publication. Titanium bars with a solid circular cross-section of 16 mm 
diameter were used. In this apparatus, a 3.6 m loading bar was impacted 
by a striker with a U-shaped cross section, generating a tensile stress 
wave that travelled through the input bar, the specimen and the output 
bar. A 2.5 m long striker was used to achieve a long-duration stress 
pulse, necessary to trigger sufficient crack extension for reliable R-curve 
measurements. The input and output bars were instrumented, respec
tively, with two and one sets of strain gauges (SG) in half bridge 
configuration. The history of forces acting upon the specimen was 
calculated via one-dimensional wave propagation analysis and the 
voltage signals obtained from the three sets of strain gauges, following 
the procedure described in reference [49]. Images were acquired with 
the ultra-high-speed camera Kirana (Specialised Imaging, UK) at a rate 
of 250,000 frames per second, and a resolution of 924 × 768 pixels, with 
0.63 mm/pixel. This camera could only capture up to 180 images per 
experiment. The history of opening displacement (OD) in high-rate tests 
was obtained with Digital Image Correlation analysis (DIC), tracking 
speckled surfaces rigidly attached to the loading pins (see detail in 
Fig. 2). The opening speeds in our experiments ranged from 4 m/s to 5 
m/s which would correspond to expected strain rates in the order of tens 
of s-1, as shown by Hoffmann et al. using their reference length approach 
[31].

Four testing scenarios were considered in this experimental 
campaign: the baseline case of Quasi-static at room temperature (QS/ 
RT), high-rate at room temperature (HR/RT), high-rate at +93 ◦C (HR/ 
Hot) and high-rate at − 55 ◦C (HR/Cold). The temperature was pre
scribed with an environmental chamber that circulates preconditioned 
air at the required temperature, also used in previous studies [50]. The 
chosen hot and cold temperatures corresponded to the range of 

in-service temperatures that aircrafts may encounter [30,51,52].
All specimens were prepared with black speckle on white back

ground using the “tattoo” speckle, allowing to produce optimal speckle 
sizes and distributions [53]. The resulting speckle sizes in the 
quasi-static and high-speed image series were approximately 4 pixels 
and 3 pixels respectively, matching recommendations for good speckle 
sizes in the literature [53–55]. All DIC analysis was conducted using the 
software LaVision Davis v. 10.1.2 using “relative to first” algorithm, and 
right Cauchy strain formulation.

In both quasi-static and high-rate experiments, the history of crack 
growth Δa was calculated via an in-house algorithm that handled the 
full-field y-direction strain components εy obtained by DIC. We used a 
threshold εth

y on the y-direction strain components to identify the real 
position of the crack tip. Similar strategies have been previously pro
posed and successfully used by other researchers [56–58]. The threshold 
εth

y was chosen to be 1.5 %, following the analysis of the field of shear 
strains. The selected εth

y = 1.5% was consistently right in between the 
positive and negative fields of shear strains as expected from the 
analytical solutions of the strain fields around the crack tip [59]. The 
threshold was the same for all testing conditions, as this failure mode is 
mainly driven by fibre breakage. Literature reports tensile strains to 
failure of carbon fibre composites to be independent of strain rate and 
temperature [60] . The value of the selected threshold is also consistent 
with strains to failure in longitudinal tension of thermoplastic compos
ites [61].

2.3. Data reduction method

The critical energy release rate was calculated with the area method 
as in reference [31]. In this method, we assume that the fracture energy 
is primarily released in the breakage of fibres within the zero-degree 
plies, aligned with the loading direction y (see Fig. 1). This method 
has been reported to produce results like those obtained using the 
compliance method [45].

From the load (P) vs. opening displacement (OD) curve shown in 
Fig. 3, the area defined by the loading curve and the origin represent the 
energy ΔU that was released to advance the crack by Δa (crack growth). 
Under this assumption, the critical energy release rate of the laminate 

Fig. 2. Experimental setup for the high-speed compact tension experiments using a tensile split-Hopkinson pressure bar.
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Glam
Ic can be calculated with Eq. (1): 

Glam
Ic (Δa) =

1
2tlamΔa

ΔU, (1) 

where tlam is the thickness of the laminate (~4.1 mm), Δa is the crack 
growth. The energy ΔU can be evaluated numerically using the data 
points from the OD vs. P plot.

We assume that practically all the fracture energy is released by fibre 
breakage in the plies oriented at 0∘ degrees. Therefore, the mode-I 
translaminar critical energy release rate Gf+

Ic can be calculated as: 

Gf+
Ic =

tlam

t0
Glam

Ic , (2) 

where t0 is the total thickness of all 0∘ plies.

2.4. Scanning electron microscopy and micro computed tomography

Post-mortem imaging of the fracture surfaces for all testing cases was 
conducted using SEM, in the tabletop microscope TM3030Plus (Hitachi, 
Japan) using the BSE detector and 15 kV accelerating voltage. The in
ternal damage of quasi-static and high-rate specimens was assessed via 
x-Ray micro computed tomography with a custom Nikon XTEK XTH 225 
kVp micro-focus CT system at Mu-Vis X-ray Imaging Centre, South
ampton with a resolution of 10.4 μm. The 3D volume was reconstructed 
from 3000 projections that were captured as the samples were rotated by 

360◦ Each projection image was saved in a 2000 px by 2000 px, 16 bits 
depth image file.

3. Results and discussion

Typical P vs. OD curves at quasi-static and high-rate tests are shown 
in Fig. 4a. In both quasi-static and dynamic regimes, as OD increases, the 
force displays an initial linear rise up to a point of maximum load Pm, 
followed by a gradual load decrease because of the propagating crack 
and other occurring damage mechanisms. Stable crack progression was 
observed in the quasi-static regime, in contrast to the stick-slip crack 
propagation reported on thermoset composites [41,43]. At high-rate, 
the stiffness of the specimen seems to be greater than under 
quasi-static loading, in agreement with what Hoffmann et al. observed in 
their experiments [43]. This should be taken with care, because from the 
nature of Hopkinson bar experimentation, the initial part of the loading 
curve corresponds to a region without dynamic equilibrium, and the 
load measurements may not be reliable. However, dynamic disequilib
rium, defined as how distinct the loads on opposite sides of the specimen 
are [43,62], was sufficiently low before Pm was reached, as shown in 
[43], thereby allowing us to draw general conclusions.

Fig. 4b shows the influence of temperature upon the P vs. OD curves 
at high-rate. The slopes of the initial “linear” loading regions seem to be 
nearly the same across all temperatures. Therefore, for the ranges of 
temperatures and loading rate herein considered, the apparent stiffness 
of the specimens is not significantly affected. In this loading direction, 
the stiffness of the specimen is mainly dominated by the stiffness of the 
0◦ plies, which seem to be unaffected by the temperature. This is in line 
with the observations of the temperature dependency of elastic moduli 
of carbon fibre and CFRPs reported in the literature [63,64].

A summary of the maximum load Pm for all cases is shown in Fig. 5. 
From quasi-static to high-rate, Pm increases by 40 %. In the dynamic 
regime, at 90 ◦C, Pm is 9 % lower than at room temperature RT, possibly 
due to matrix plasticisation and interface weakening caused by elevated 
temperatures [11], which reduces its capability to redistribute loads. 
This can be associated to the reduction in longitudinal tensile strength 
with increasing temperature, previously observed in quasi-static ex
periments [65,66]. At − 55 ◦C, Pm is not significantly different than the 
maximum load at HR/RT, suggesting that the system is almost insensi
tive to lower temperatures.

Fig. 6 shows the sensitivity of the resulting history of crack growth 
Δa to the choice of εth

y threshold in the range 1 % to 10 % for QS and HR 

Fig. 3. The area method on a typical curve Force (P) vs. Opening Displacement 
(OD) to evaluate the critical translaminar energy release rate.

Fig. 4. Comparison of representative Load (P) vs. Opening Displacement (OD) at (a) quasi-static and dynamic regimes at room temperature and (b) across various 
temperatures in the dynamic regime.
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experiments. The parametric analysis shows that high-rate results would 
be more sensitive to the selection of a threshold value, given our data 
reduction methodology. This could be due to the high speed of the crack 
propagation as well as the typically lower quality high-speed images, 
with smaller resolution and bit depth. The results also show that for the 

chosen threshold of 1.5 % and within a variability of ±0.5%, the 
resulting history of crack growth would not change significantly.

Fig. 7 shows a representative set of curves for the histories of load, 
opening displacement and crack growth, for a quasi-static experiment, 
resulting from the data reduction procedure described above (Section 
2.3). Using these histories corresponding to each experiment, and Eq. 
(2), the resulting R-curves for all experiments are presented in Fig. 8.

Taking the average of the values within the “plateau” section of the 
R-curves, for Δa > 5 mm, we calculated representative average values of 
the propagation critical mode-I translaminar energy release rates, 
summarised in Fig. 9. The quasi-static value of Gf+

Ic = 171.8 ± 3.2 kJ/m2 

falls within the range of values reported in the literature, summarised by 
Monticeli et al. [67]. From quasi-static to high-rate at room temperature, 
the translaminar critical energy release rate increased by about 20 %. 
This is in line with the increase of fracture toughness with loading rate 
reported in [68–70], but opposite to the trends reported in [43,45]. 
There is certainly disagreement in the trends reported in literature for 
the dependency of translaminar fracture toughness with loading rate, 
possibly owing to the distinct experimental characterisation and data 
reduction methods.

Within the dynamic regime, from HR/RT to HR/Hot, Gf+
Ic drops by 27 

%. This could be due to the temperature weakening the matrix and in
terfaces that reduce the amount of energy being dissipated during 
fracture. However, by comparing HR/RT and HR/Cold, the translaminar 
energy release rate seems to be unaffected, a similar neutral effect to 
what it was observed with the maximum load Pm.

Fig. 10 shows the side views of the fracture surfaces for all the testing 
cases. One of the main energy dissipation mechanisms in translaminar 
failure is fibre pullout, which can be observed with higher detail in the 
SEM microscopies shown in Figs. 11, 13 and 14. Fibre pullout lengths 
and their distribution have been previously linked to the measured 
fracture toughness [41,71–73]. In general, longer fibre pullouts were 
found to correlate with higher measured translaminar fracture tough
ness. In Figs. 10 and 11, when comparing QS/RT and HR/RT fracture 
surfaces, the high-rate specimens showed longer pullout lengths, which 
suggests that the frictional fibre pullout forces contributed with higher 
amount of work done, therefore leading to higher measured fracture 
energies, aligning with the experimental observations.

Fig. 5. Average and standard deviations of the maximum loads Pm measured 
across all tests.

Fig. 6. Sensitivity of the measured crack growth history with respect to the 
selected strain threshold εth

y in representative (a) quasi-static, and (b) high-rate 
experiments.

Fig. 7. Histories of load (P), opening displacement (OD), and crack growth 
(Δa) in a representative quasi-static experiment.
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Fig. 12 shows the X-ray computer tomography images of represen
tative QS/RT and HR/RT fractured samples. In addition to fibre pullouts, 
multiple intralaminar or transverse cracks can be observed within the 
90◦ layers. This intralaminar cracking is significantly more prevalent in 
the specimen tested at high rate than in the quasi-static specimen, 
therefore contributing to the higher measured fracture energy. The 
embrittlement of the transverse tensile response, and consequent 
reduction in transverse strain to failure at higher strain rates, may be 
responsible for this higher number of transverse cracks.

Figs. 13 and 14 show the fracture surfaces of specimens HR/Hot and 
HR/Cold, tested at high rate, but at elevated and low temperatures, 
respectively. The SEM images do not show a clear difference in terms of 

pullout lengths. However, as shown in Fig. 9, there is a notable differ
ence in their fracture energy.

We also used DIC to assess the extension of damage, as previously 
done by other researchers [43,54]. Fig. 15 shows the full εy strain field 
during the HR/Hot and HR/Cold experiments. In both cases, the selected 
frames correspond to an instant where both specimens have the same 
crack growth Δa = 10 mm. The region with higher strains is larger in the 
HR/Cold specimen, suggesting more diffused damage taking place at 
low temperatures. Additionally, HR/Cold specimens displayed multiple 
intralaminar cracking in the 90◦ outer layers (Fig. 15), which likely 
contributed to additional energy dissipation.

It is worth noting that the lower critical strain energy release rate was 
for higher temperature in the high-rate experiments. This is contrary to 
the trend reported by Yu et al. for the quasi-static translaminar fracture 
toughness of epoxy/carbon fibre composites [51]. It can be hypothesised 
that the reason for this reversal is the smaller contribution of the pullout 
frictional stress at high rates. Yu et al. [51] proposed an analytical model 
relating the pullout frictional stress and interfacial shear strength, and 
the translaminar fracture toughness and showed that the trend of 
increasing translaminar fracture toughness with higher temperatures 
based on the composite’s interfacial properties. However, when the 
frictional stresses are small, their map suggests an opposite trend. It is 
reasonable to assume that during high-rate loading, the frictional 
contribution becomes less relevant due to the dynamic nature of the 
event. The pullout stresses at high-rate being small enough, their model 
would suggest that the higher temperatures will result in lower fracture 
energy. However, the required interfacial data does not exist at 
high-rate, and more work is required to explain the dependency of the 
strain rate and temperature on translaminar toughness.

4. Conclusions

This study investigated the combined effect of strain rate and tem
perature on the translaminar critical strain energy release rate Gf+

Ic of 
CF/PEEK composites. Dynamic compact tension experiments were 
conducted using a Split Hopkinson Pressure Bar (SHPB) to evaluate the 
critical translaminar strain energy release rate under high loading rates. 
The experimental results demonstrated the strain rate dependency of 
translaminar fracture toughness by comparing quasi-static and high-rate 
loading at room temperature. Additionally, the influence of temperature 
was assessed by performing tests at room temperature, elevated tem
perature (90 ◦C), and subzero temperature (− 55 ◦C) in the dynamic 
regime, which owing to the experimental challenges involved has been 
rarely studied. Postmortem analysis with SEM and X-ray micro-CT were 

Fig. 8. R-curves showing critical energy release rates Gf+
Ic for all 

testing scenarios.

Fig. 9. Average critical energy release rates Gf+
Ic for all testing cases.

Fig. 10. Side view of fracture surfaces of compact tension specimens tested at 
different loading rates and temperatures.
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also conducted, obtaining relevant clues on the damage mechanisms 
driving this type of fracture. The main conclusions of this study are: 

• The use of Digital Image Correlation (DIC) in both quasi-static and 
high-rate tests has proven effective in tracking crack growth with 
high precision. The εy threshold method enabled consistent crack tip 
identification across all testing conditions, demonstrating the 
robustness of this approach for fibre-dominated failure analysis.

• At high strain rates, increasing the temperature to 90 ◦C resulted in a 
significant reduction in fracture toughness, likely due to matrix 
softening and interface weakening. DIC analysis show smaller 
damaged regions, in line with their lower measured critical strain 
energy release rate.

• Conversely, lowering the temperature to − 55 ◦C did not significantly 
affect the fracture toughness, suggesting that temperature-induced 
embrittlement was not the dominant failure mechanism under 
these conditions.

Fig. 11. SEM micrography images of the fracture surfaces of specimens tested at room temperature under (a) quasi-static, and (b) high-rate loading conditions.

Fig. 12. Micro-CT images of QS/RT and HR/RT specimens showing fibre 
pullouts and transverse cracks.

Fig. 13. SEM micrography images of the fracture surfaces of HR/Hot specimens.

Fig. 14. SEM micrography images of the fracture surfaces of HR/Cold specimens.
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• The pullout lengths showed strong correlation with measured frac
ture toughness at room temperature when comparing QS/RT to HR/ 
RT.

• Transverse cracking seemed to be an additional failure mechanism 
arising at high loading rate at different temperatures.

The findings highlight the necessity of testing CF/PEEK composites 
under service-relevant conditions, including extreme temperatures and 
high strain rates, to ensure reliable performance in aerospace applica
tions. Future work should focus on quantifying interfacial properties at 
high strain rates and temperatures to develop more accurate constitutive 
models for high-performance composite structures.
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