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INTRODUCTION

Composite materials represent a modern type 
of engineering materials, with major applications 
in the aerospace, construction or automotive in-
dustries. The aforementioned group of materials, 
especially in the context of thin-walled compos-
ite structures – such as laminates, is a current 
subject of engineering research [1–3]. Their use 
in various industries is primarily due to the fact 
that such materials are characterized by the fact 
that they are very strong while keeping their own 
weight low [4–5]. In addition, thin-walled com-
posite structures, made of a composite material 
such as carbon-epoxy composite, demonstrate 
special behavior under axial compression [6–8]. 

In short, they undergo a loss of stability (buck-
ling) [9–11]. The buckling phenomenon is based 
on the fact that there is a change in the form of 
deformation of the structure [12–14]. The pres-
ent phenomenon represents a special type of 
phenomenon that many researchers are currently 
dealing with [15–17]. It is important, to conduct 
interdisciplinary as well as in-depth research, es-
pecially during behaviors directly leading to loss 
of stability [18–20]. The behavior of the structure 
after buckling remains a challenge for a wide 
range of researchers and requires careful inter-
pretation [21–23]. The desirable behavior is the 
case where, in the framework of the post-buck-
ling behavior of the structure, there is a situation 
where the increase in deflection of the structure is 
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accompanied by an increase in compressive load 
[24–26]. The aforementioned behavior occurs in 
most of the scientific research conducted [27–29]. 
Besides investigating the buckling phenomenon, 
it is also important to study the phenomena that 
occur after buckling – where the structure is ex-
posed to damage [30–32]. Usually, the analysis of 
the behavior of the structure in the post-buckling 
state under further axial compression, leads to 
the observation of complex forms of structural 
damage [33–35]. Recently, researchers have been 
concerned with analyzing complex forms of dam-
age – thoroughly analyzing the aspect of loss of 
load-carrying capacity of structures [35–37]. De-
pending on the demand, it is possible to design 
composite structures that demonstrate higher en-
ergy consumption, or higher stiffness – if only by 
changing the arrangement of the constituent layers 
of the composite material [25,31]. Consequently, 
it is important to correctly determine the material 
properties of composite structures that are ulti-
mately subjected to the above-described tests. 

Composite materials represent a special group 
of materials, characterized by outstanding strength 
properties. It is important to conduct research on 
composite materials such as fiber reinforced poly-
mer composite, to which include: CFRP, GFRP 
and BFRP. Structures made of materials of this 
type are characterized primarily by such proper-
ties as: light weight, high strength, excellent me-
chanical/fatigue properties, corrosion resistance, 
etc. The above-mentioned issues, among others, 
were presented in the papers [38–40].

In the current work, the main focus was on 
presenting the methodology for the correct deter-
mination of the properties of the composite mate-
rial, within the framework of specially prepared 
test specimens, enabling the determination of a 
number of material parameters of the composite 
material (carbon-epoxy composite) [41]. Deter-
mination of material parameters was based on 
tests conducted in accordance with the standards 
under consideration (in this regard) [42–44]. The 
above, made it possible to determine the material 
properties characterized by the final composite 
test specimens with closed sections – manufac-
tured under the project No. 2021/41/B/ST8/00148 
financed by the National Science Centre (Poland).

In this paper, only a number of material pa-
rameters were determined (based on specially 
prepared specimens for static testing to determine 
the properties of the composite material), which 
were characterized by thin-walled composite 

structures manufactured mainly for load-carrying 
capacity tests, presented in the final part of the 
paper. The reliability and accuracy of the experi-
mental results presented in the paper, is deter-
mined by the high level of repeatability of the test 
results between the conducted experimental tests. 
A minimum of 9 test specimens were used within 
each type of test trials – which positively influ-
enced the determination of average values from 
the determined parameters (that constitute the 
basic properties of the composite material). Each 
test was conducted in accordance with guidelines 
derived from ISO standards, maintaining a high 
level of accuracy and repeatability of testing. The 
determined material data will be the basis for fur-
ther research, primarily in the context of FEM 
simulations [45–48].

The novelty of the present research was pri-
marily the presentation of a comprehensive de-
scription of the determination of the necessary 
properties of the composite material (laminate) 
based on the standards under consideration.

MATERIALS AND METHODS

The test specimens under study were specially 
prepared test samples manufactured in accordance 
with the appropriate ISO standards (static tensile 
[42], shear [43] and compressive [44]). The speci-
mens were prepared in accordance with the guide-
lines presented in the standards, which precisely 
defined the geometrical parameters of each speci-
men depending on the type of strength test to which 
the specimen was to be subjected (In Figures 1a 
and 1b, the specimens were characterized by the 
dimensions (length × width × thickness): 250 × 
15±0.5 × 1±0.2 mm and 175 × 25±0.5 × 2±0.2 mm. 
In Figure 2, the specimens were characterized by 
dimensions: 250 × 25±0.5 × 2±0.2 mm. In Fig-
ures 3a and 3b, the specimens were characterized 
by dimensions: 140 × 10±0.5 × 2±0.2 mm and 
140 × 25±0.5 × 2±0.2 mm). Consequently, a num-
ber of composite specimens were prepared, made 
of carbon-epoxy composite, which allowed fur-
ther determination of material properties.

All composite specimens were fabricated 
using the autoclave technique (both the mate-
rial test specimens presented in this paper and 
the target thin-walled composite structures with 
closed sections, shown in Fig. 10). All specimens 
were manufactured from unidirectional CYCOM 
985–42%-HS-135–305 prepreg tape, where the 
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resin system constituted 42% of the material vol-
ume, while the high-strength fibers are character-
ized by a grammage of 135 g/m2. The basic width 
of the prepreg tape was 305 mm. All specimens 
were cured in an autoclave at a temperature of 
177 °C and an overpressure of 0.6 MPa.

The specimens prepared for the static tensile 
test, were produced in accordance with PN-EN 
ISO 527–5 (of 2010) [42] – the equivalent was 
ASTM D 3039. In addition, there were two dif-
ferent types of such specimens, due to the fact 
that the static tensile test involved both compos-
ite specimens, where the fibers were arranged 
along the tensile direction (P1÷P9 t-0°) and in 
the direction transverse to the tensile direction 
(P1÷P9 t-90°) – as shown in Figure 1. Another 
type of specimens were those intended for static 

shear testing, and were made in accordance with 
PN-EN ISO 14129 (of 2000) [43] – the equiva-
lent was ASTM D 3518. These specimens were 
mainly characterized by the fact that the fibers 
in the layers of the composite material were ar-
ranged in a direction of ±45° with respect to the 
tensile direction (P1÷P9 shr-45°) – these speci-
mens are presented in Figure 2. The last type of 
specimens for determining the properties of the 
composite material were those intended for static 
compressive testing, which were produced in ac-
cordance with PN-EN ISO 14126 (of 2002) [44] 
– the equivalent was ASTM D 3410. These speci-
mens, like the specimens for the static tensile 
test, occurred in two types – with the first type of 
specimens characterized by the composite mate-
rial’s fibers being arranged along the compressive 

Figure 1. Specimens for determining material properties in static tensile 
testing: (a) first specimens type, (b) second specimens type

Figure 2. Specimens for determining material properties in static shear testing
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direction (P1÷P10 c-0°), and the second case 
being specimens with fibers arranged transverse 
to the compressive direction (P1÷P9 c-90°) – as 
shown in Figure 3.

As shown in Figs. 1–3, a number of speci-
mens were produced to determine the material 
properties of the composite material. For most 
types of static tests, a total of 9 test specimens 
each were produced (Figs. 1,2 and 3b), while 
for the static compressive test, where the spec-
imens were characterized by the fact that the 
fibers were arranged along the compressive 
direction (Fig. 3a), there were 10 such speci-
mens. The large number of prepared specimens 
made it possible to perform a number of tests 
in static compressive tests, which enabled the 
precise determination of a number of materi-
al parameters of the carbon-epoxy composite. 
During the process of determining the material 
properties of the carbon-epoxy composite, the 
necessary accessories were provided, enabling, 
among other things, the correct execution of 
experimental tests. The accessories included 
electro-resistance strain gauges (of TENMEX 
companies) and small laboratory equipment, 
enabling, in particular, the correct attachment 
of the electro-resistance strain gauges to the 
test specimens. Figure 4 shows the accessories 
for the test specimens.

After the test specimens were prepared for 
strength testing, all kinds of static tests were start-
ed to determine the properties of the composite 
material. Directly mounted strain gauges, accord-
ing to the standards, allowed, among other things, 
further registration of deformations in the longi-
tudinal and transverse directions – depending on 
the type of test specimens. All experimental tests, 
were carried out using a Zwick Z100 (Zwick Ro-
ell GmbH & Co. KG, Ulm, Germany) universal 
testing machine (at room temperature) – equipped 
with special grips that make it possible to carry 
out all types of tests to determine the properties 
of the composite material. The test stand was 
equipped with two types of special heads that 
made it possible to conduct both tests in the con-
text of static tensile (2 mm/min) and compressive 
tests (1 mm/min). All tests were conducted under 
room temperature conditions. The test stand is 
shown in Figure 5.

In the first stage of the study, tests were car-
ried out in order to determine properties such as 
Young’s Modulus in the fiber direction E1, Pois-
son’s ratio v12, tensile strength in the fiber direc-
tion FTU (0°) and tensile failure force in the fiber 
direction (0°). For this purpose, a static tensile test 
was carried out for specially prepared test speci-
mens in which the fibers were arranged accord-
ing to the tensile direction (P1÷P9 t-0°) – Fig. 6a. 

Figure 4. Necessary accessories for test specimens: (a) strain gauges, (b) other accessories

Figure 3. Specimens for determining material properties in static compressive 
testing: (a) first specimens type, (b) second specimens type
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Young’s modulus E1 was determined in from the 
following relationship: 

𝐸𝐸1 =
𝜎𝜎′′ − 𝜎𝜎′
𝜀𝜀𝑙𝑙′′ − 𝜀𝜀𝑙𝑙′

 (1)

where: σ' – stress measured at longitudinal strain 
𝜀𝜀𝑙𝑙′  = 0.05%,

 σ'' – stress measured at longitudinal strain 
𝜀𝜀𝑙𝑙′′  = 0.25%.

The stress was determined according to the 
following relation:

𝜎𝜎 = 𝑃𝑃
𝐴𝐴 (2)

where: P – load (P' and P'' respectively for 𝜀𝜀𝑙𝑙′  = 
0.05% and 𝜀𝜀𝑙𝑙′′  = 0.25%),

 A – initial cross-sectional area (measured 
for each material test specimen).

The (average value of) Poisson’s ratio v12, 
which is the ratio of transverse to longitudi-
nal strain, was determined from the following 
relationship:

𝑣𝑣12 = 𝜀𝜀𝑡𝑡
′,′′

𝜀𝜀𝑙𝑙′.′′
= 1

2 (
𝜀𝜀𝑡𝑡′
𝜀𝜀𝑙𝑙′
+ 𝜀𝜀𝑡𝑡′′

𝜀𝜀𝑙𝑙′′
)     (3)

where: 𝜀𝜀𝑡𝑡
′,′′  – values of transverse strains ( 𝜀𝜀𝑡𝑡′  

and 𝜀𝜀𝑡𝑡′′ ), corresponding to longitudinal 
strains 𝜀𝜀𝑙𝑙

′.′′  ( 𝜀𝜀𝑡𝑡′  and 𝜀𝜀𝑡𝑡′′ ) – respectively 
for 𝜀𝜀𝑡𝑡′  = 0.05% and 𝜀𝜀𝑙𝑙′′  = 0.25%.

Tensile strength in the fiber direction FTU 
(0°), was estimated according to the following 
relationship:

𝐹𝐹𝑇𝑇𝑇𝑇(0°) =
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
𝐴𝐴  (4)

where: Pmax – tensile failure force in the fiber di-
rection (0°).

The above-described relationships (Eqs. 1–4) 
made it possible to determine the described mate-
rial parameters.

Then, it was dealt with to perform tests to 
determine Young’s Modulus in the transverse 
direction to the fibers E2 (which was determined 
from Eq. 1 as in the case of E1), tensile strength 
in the transverse direction to the fibers FTU (90°) – 
which was determined analogously to the tensile 
strength in the fiber direction, as in Eq. 4, as well 
as tensile failure force in the transverse direction 
to the fibers (90°) – Fig. 6b. The tests made it pos-
sible to determine all the parameters mentioned, 
using the specimens where the fibers were ar-
ranged in the transverse direction to the tensile 
(P1÷P9 t-90°). 

Young’s modulus E2 was determined in from 
the following relationship: 

𝐸𝐸2 =
𝜎𝜎′′ − 𝜎𝜎′
𝜀𝜀𝑙𝑙′′ − 𝜀𝜀𝑙𝑙′

 (5)

Tensile strength in the transverse direction to 
the fibers FTU (90°), was estimated according to 
the following relationship:

Figure 5. Test stand: (a) with heads for static tensile testing, (b) with heads for static compressive testing
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𝐹𝐹𝑇𝑇𝑇𝑇(90°) =
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
𝐴𝐴  (6)

where: Pmax – tensile failure force in the trans-
verse direction to the fiber (90°).

Both above-mentioned types of tests (tests 
determining tensile strength) were conducted 
based on the guidelines and procedure outlined in 
the PN-EN ISO 527–5 (of 2010) standard. 

In the next step, a static strength test was 
conducted to determine material properties such 
as Kirchhoff coefficient G12, shear strength FSU 
(±45°) and shear failure force. The Kirchhoff co-
efficient was determined according to the follow-
ing relationship:

𝐺𝐺12 =
𝜏𝜏12′′ −𝜏𝜏12′
𝛾𝛾12′′ −𝛾𝛾12′

        (7)

where: 𝜏𝜏12′    – is the shear stress at the shear 
strain 𝛾𝛾12′   = 0.1%, 

 𝜏𝜏12′′   – is the shear stress at the shear strain 
𝛾𝛾12′′    = 0.5%.

The shear stress τ12 presented in Eq. (7) was 
determined using equation:

𝜏𝜏12 =
𝑃𝑃

2 ∙ 𝐴𝐴 (8)

where: P – load (P' and P'' respectively for 𝛾𝛾12′    = 
0.1% and 𝛾𝛾12′′   = 0.5%),

 A – initial cross-sectional area (measured 
for each material test specimen).

The shear strain follows the relationship:

𝛾𝛾12 = 𝜀𝜀𝑙𝑙 − 𝜀𝜀𝑡𝑡 (9)

where: εl – strain in the parallel (longitudinal) di-
rection to the axis of the specimen,

 εt – strain in the perpendicular (transverse) 
direction to the axis of the specimen.

Furthermore, the shear ultimate strength was 
determined from the following equation:

𝐹𝐹𝑆𝑆𝑆𝑆(±45°) =
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
2 ∙ 𝐴𝐴  (10)

where: Pmax – shear failure force.

The above parameters were determined us-
ing the example of specimens (P1÷P9 shr-45°) in 
which the fibers were arranged at an angle ±45° 
– and the test specimens were carried out based 
on a PN-EN ISO 14129 (of 2000) standard, that 
allows the determination of parameters related to 
the shear of the composite – Fig. 6c. 

Moreover, experimental tests were carried 
out to determine compressive-related properties 
of the composite: compressive strength in the 
fiber direction FCU (0°) and compressive failure 
force. Tests were conducted on specially prepared 
test specimens (P1÷P10 c-0°) – Fig. 6d. A similar 
procedure was used to determine compressive pa-
rameters for specimens in which the fibers were 
arranged transversely to the direction of com-
pressive (P1÷P9 c-90°) – where the compressive 
strength in the transverse direction to the fibers 
FCU (90°) and the failure force (in the same direc-
tion) were determined – Fig. 6e. 

Compressive strength in the fiber direction 
FCU (0°), was estimated according to the follow-
ing relationship:

𝐹𝐹𝐶𝐶𝐶𝐶(0°) =
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
𝐴𝐴    (11)

where: Pmax  – compressive failure force in the fi-
ber direction (0°).

Compressive strength in the transverse direc-
tion to the fibers FCU (90°), was estimated accord-
ing to the following relationship:

𝐹𝐹𝐶𝐶𝐶𝐶(90°) =
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
𝐴𝐴  (12)

where: Pmax – compressive failure force in the 
transverse direction to the fibers (90°).

Both types of tests (tests determining com-
pressive strength) were conducted based on the 
guidelines and procedure outlined in the PN-EN 
ISO 14126 (of 2002) standard.

All guidelines and the method of determining 
the material properties are presented in the afore-
mentioned standards – tests were conducted in 
accordance with the guidelines.

After the completed experimental tests, car-
ried out until the failure of the test specimens 
for material testing, the determination of mate-
rial properties was addressed – which was per-
formed according to the guidelines contained in 
the standards.
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RESULTS AND DISCUSSION

On the basis of the tests carried out, both ex-
perimental characteristics, such as force-time, 
obtained directly from the testing machine, as 
well as characteristics that depend on load on 
strain (based on strain gauges mounted on the 

specimens) were obtained – thus determining the 
desired material parameters.

Based on the characteristics, presented in Fig-
ure 7, it was possible to directly assess the limit 
loads (Pmax – maximum loads for each specimen 
type) – at which the failure of each specimen oc-
curred. The above, made it possible to determine 

Figure 6. Static strength tests: (a) specimens (P1÷P9 t-0°), (b) specimens (P1÷P9 t-90°), (c) 
specimens (P1÷P9 shr-45°), (d) specimens (P1÷P10 c-0°), (e) specimens (P1÷P9 c-90°)

e)



239

Advances in Science and Technology Research Journal 2023, 17(2), 232–246

the material parameters of the composite mate-
rial, related to tensile (for specimens P1÷P9 t-0° 
and P1÷P9 t-90°), shear (for specimens P1÷P9 
shr-45°) and compressive (for specimens P1÷P10 
c-0° and P1÷P9 c-90°) strength. The strength pa-
rameters based on the Eqs. (4,6,10–12), were es-
timated for all specimens identically, which was 
the ratio of the maximum registered load to the 
initial cross-sectional area of the specimen.

Figure 8 presents the load-strain characteris-
tics, taking selected test specimens as an example. 
Based on the example specimens (Figure 8), the 
approximate values of the mechanical parameters 
of the composite material were estimated. For 
this purpose, to determine the Young’s Modulus 
E1 from the characteristics shown in Figure 8a, 

the load values P (P' and P'') were read for both 
values of longitudinal strains (𝜀𝜀𝑙𝑙′  = 0.05% and 
𝜀𝜀𝑙𝑙′′  = 0.25%). Then, the stresses values σ (σ' and 
σ'') were determined as a ratio of the read load 
values P (P’ and P’’ ), relative to the initial cross-
sectional area value A of specimen – according to 
Eq. (1). Thus, it was possible to further determine 
the parameter E1 = 104,232.93 MPa – for speci-
men P1 t-0°. In order to determine the Poisson’s 
ratio, it was necessary to read the values of trans-
verse strains (𝜀𝜀𝑡𝑡′ and 𝜀𝜀𝑙𝑙′′ ), corresponding to both 
values of longitudinal strains (𝜀𝜀𝑡𝑡′  = 0.05% and 
𝜀𝜀𝑙𝑙′′  = 0.25%) – according to Eq. (3). After divid-
ing the corresponding strains with respect to each 
other, it is necessary to determine the average val-
ue from the sum of these expressions – through 

Figure 7. Failure characteristics: (a) specimens (P1÷P9 t-0°), (b) specimens (P1÷P9 t-90°), 
(c) specimens (P1÷P9 shr-45°), (d) specimens (P1÷P10 c-0°), (e) specimens (P1÷P9 c-90°)

e)
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which the desired parameter will be determined. 
This made it possible to determine the parameter 
v12 = 0.58 – for specimen P1 t-0°. Young’s Modu-
lus in the transverse direction to the fibers E2 was 
determined according to the example character-
istics presented in Figure 8b. This parameter was 
determined identically to Young’s Modulus E1 – 
according to Eq. (5). The value of the determined 
Young’s Modulus for specimen P1 t-90° was equal 
E2 = 7751.28 MPa. The last of the important me-
chanical parameters was the Kirchhoff Modulus 

G12. This parameter was determined in a similar 
manner to the previously described Young’s mod-
ulus. This parameter constituted the ratio of the 
difference in shear stresses ( 𝜏𝜏12′′ − 𝜏𝜏12′  ), relative 
to the difference in shear strains ( 𝜏𝜏12′′ − 𝜏𝜏12′  ) – 
according to equation (7). The shear strains are 
respectively: 𝛾𝛾12′   = 0.1% and 𝛾𝛾12′′    = 0.5%. The 
method of determining shear stresses is accord-
ing to Eq. (8). The above approach, made it pos-
sible to determine the Kirchhoff Modulus G12 = 
4194.04 MPa – for specimen P1 shr-45°.

Figure 8. Load-strain characteristics: (a) for specimen P1 t-0° where the fibers are arranged along the 
tensile direction, (b) for specimen P1 t-90° where the fibers are arranged transversely to the tensile direction, 

(c) for specimen P1 shr-45° where fibers were arranged at an angle ±45° to the tensile direction
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The above-described method of determining 
basic mechanical properties, made it possible to 
determine the mentioned properties for all test 
specimens in the same manner. All experimental 
tests were conducted over the full load range until 
the specimens were fully damaged – as shown in 
the example test results presented in Figure 9.

All of the above presented test results and 
the methodology for conducting these tests, con-
tributed to the determination of all material pa-
rameters of the carbon-epoxy composite, both in 
terms of mechanical and strength properties. The 
material properties determined for all specimens 
for material testing are shown in Tab. 1.

The averaged values of strength and mechani-
cal properties of the composite material (CY-
COM 985–42%-HS-135–305 TENAX HTA) are 
presented in Table 2 as average values, and the 
standard deviation shown in brackets. Standard 
deviation provides a measure of how widely val-
ues are dispersed from the average (mean) value.

The determined mechanical properties made 
it possible to obtain information in terms of ma-
terial parameters, within the framework of the 

actual test specimens – which were thin-walled 
composite columns with closed sections, made as 
part of research conducted under the project No. 
2021/41/B/ST8/00148 financed by the National 
Science Centre (Poland). In the case of imple-
mentation of target tests on composite structures 
with closed sections as well as within the frame-
work of FEM simulations, besides the results ob-
tained from the average values, the standard de-
viation that was obtained will be also considered. 
Implementation of test results in future numerical 
models, will take into consideration not only the 
obtained average values, but also the standard 
deviation, which is very significant. The above 
will make it possible to ensure the correctness 
of the FEM simulation results obtained in the fu-
ture, both in quantitative and qualitative aspects. 
Figure 10 presents only sample test profiles for 
which a methodology for determining material 
properties has been presented.

The obtained material parameters (both 
mechanical and strength), which are summa-
rized in Table 1, provide the basis for further 
research – on target thin-walled composite 

Figure 9. Damaged specimens for material testing: (a) specimens P1÷P9 t-0°, 
(b) specimens P1÷P9 shr-45°, (c) specimens P1÷P9 c-90°
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Table 1. Properties of the composite material.

Specimen
E1 E2 G12 ν12 Pmax FTU (0°) FSU (45°) FTU (90°) FCU (0°) FCU (90°)

MPa MPa MPa - N MPa MPa MPa MPa MPa

P1_t-0° 104,232.93 0.58 21,541.77 1,295.96

P2_t-0° 103,360.62 0.22 21,284.17 1,294.53

P3_t-0° 107,602.69 0.33 21,758.10 1,299.25

P4_t-0° 100,129.22 0.20 21,499.04 1,259.08

P5_t-0° 101,535.27 0.61 22,635.34 1,337.15

P6_t-0° 103,437.31 0.47 19,807.16 1,179.55

P7_t-0° 101,692.76 0.16 23,378.80 1,372.90

P8_t-0° 100,844.06 0.22 21,220.94 1,235.53

P9_t-0° 104,292.10 0.51 20,892.50 1,222.73
Average 

value 103,014.11 0.37 21,557.53 1,277.41

Standard 
deviation 2,145.73 0.17 955.49 56.23

P1_shr-45° 4,194.04 15,744.48 135.58

P2_shr-45° 4,404.15 15,022.68 129.39

P3_shr-45° 3,939.33 16,353.93 136.76

P4_shr-45° 3,859.24 16,552.89 135.55

P5_shr-45° 4,103.01 16,485.60 135.06

P6_shr-45° 4,036.57 16,582.55 137.42

P7_shr-45° 3,949.94 16,348.02 132.48

P8_shr-45° 3,837.99 16,605.18 137.15

P9_shr-45° 4,040.47 16,133.39 130.95
Average 

value 4,040.53 16,203.19 134.48

Standard 
deviation 167.35 489.91 2.71

P1_t-90° 7,751.28 1,020.05 20.35

P2_t-90° 7,244.27 1,436.25 28.18

P3_t-90° 7,200.66 1,566.64 31.23

P4_t-90° 7,655.20 1,017.19 20.48

P5_t-90° 6,746.87 2,193.23 43.17

P6_t-90° 7,222.67 2,041.09 41.36

P7_t-90° 7,755.23 1,481.90 30.34

P8_t-90° 7,444.98 969.90 21.12

P9_t-90° 7,231.91 2,375.47 46.88
Average 

value 7,361.45 1,566.86 31.46

Standard 
deviation 307.97 500.32 9.64

P1_c-0° 10,142.22 562.51

P2_c-0° 10,212.20 521.50

P3_c-0° 10,441.75 598.48

P4_c-0° 11,015.71 569.45

P5_c-0° 12,008.66 609.11

P6_c-0° 13,236.98 665.95

P7_c-0° 9,204.59 496.69

P8_c-0° 1,1752.95 599.59

P9_c-0° 1,0706.29 565.52

P10_c-0° 8,900.29 535.63
Average 

value 10,762.16 572.44
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Specimen
E1 E2 G12 ν12 Pmax FTU (0°) FSU (45°) FTU (90°) FCU (0°) FCU (90°)

MPa MPa MPa - N MPa MPa MPa MPa MPa
Standard 
deviation 1,241.36 46.20

P1_c-90° 4,795.56 106.49

P2_c-90° 4,420.60 93.21

P3_c-90° 5,802.14 117.86

P4_c-90° 4,522.92 96.67

P5_c-90° 4,484.22 101.62

P6_c-90° 5,540.99 110.45

P7_c-90° 5,387.96 109.71

P8_c-90° 4,593.10 98.24

P9_c-90° 4,865.42 102.10
Average 

value 4,934.77 104.04

Standard 
deviation 483.40 7.34

Table 2. Material properties of the carbon-epoxy composite (average values with standard deviation).
Mechanical parameters Strength parameters

Young’s modulus E1 [MPa] 103,014.11 (2,145.73) Tensile strength FTU (0°) [MPa] 1,277.41 (56.23)

Young’s modulus E2 [MPa] 7,361.45 (307.97) Compressive strength FCU (0°) [MPa] 572.44 (46.20)

Poisson’s ratio v12 [-] 0.37 (0.17) Tensile strength FTU (90°) [MPa] 31.46 (9.64)

Kirchhoff modulus G12 [MPa] 4,040.53 (167.35) Compressive strength FCU (90°) [MPa] 104.04 (7.34)

- - Shear strength FSU (45°) [MPa] 134.48 (2.71)

Figure 10. Target test specimens for which material properties were determined

Table 1. Cont.

structures with closed sections. The aim of the 
present study, was primarily to determine the 
material parameters within the composite ma-
terial from which the target thin-walled com-
posite structures for stability and load-carrying 
tests were manufactured, with further in-depth 

assessment of the failure phenomenon. The 
material properties determined by static experi-
mental tests, will be implemented into numeri-
cal models (FEM). This will allow a faithful 
representation of the behavior of thin-walled 
structures modeled numerically – which will 
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enable further comparison of the results of sta-
bility and load-carrying capacity tests of struc-
tures with closed sections for both experimen-
tal and FEM tests.

CONCLUSIONS

Based on the research conducted in this paper, 
it was possible to determine the desired properties 
of the composite material – a carbon-epoxy com-
posite (laminate). The research presented in this 
paper made it possible to present an approximate 
research methodology, allowing to determine ap-
proximate values of the composite material (aver-
age values with standard deviation), both for me-
chanical (elastic) and strength properties.

Based on the study and referring to average 
values, it was estimated that Young’s modu-
lus E1 is approximately 14 times higher than 
Young’s modulus E2 – this indicates a signifi-
cant discrepancy in the case of material stiff-
ness depending on the direction of loading. 
Moreover, it can be observed, among other 
things, that the tensile strength in the fiber di-
rection FTU (0°) is 2.23 times higher than the 
compressive strength in the fiber direction FCU 
(0°). In addition, the tensile strength in the di-
rection transverse to the fibers FTU (90°) rela-
tive to the compressive strength in the direction 
transverse to the fibers FCU (90°) differs about 
3.31 times. The above, confirms that composite 
materials are a special group of materials with 
significant differences in stiffness and strength 
depending on the direction of loading.

The determined material properties in the 
context of average values and standard devia-
tions should be subjected to additional statistical 
processing or based on information presented in 
standards such as EN 1990. All future research 
and the final implementation of the determined 
approximate material properties into numerical 
models, will be further verified by the conver-
gence of experimental results and FEM models. 
More detailed information on how to determine 
material parameters is presented in the work 
[41] – as mentioned in the introduction. In the 
literature, there is not enough papers on how to 
determine the properties of composite materials, 
since all the methodology is contained in stan-
dards. The current paper deals with the determi-
nation of a number of material parameters based 
on ISO standards [42–44].
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