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Abstract: This paper deals with experimental determination of the mechanical properties of the fiber glass-reinforced plastic. Nine test samples were made from fiber-glass 
plastic, where three series with three samples each were with different thickness. All samples were of nominal length 250 mm with fibers of length 50 mm. The width of the 
specimens was 25 mm, and the thickness was 0,35 mm; 0,8 mm and 1,16 mm, respectively. The samples were subjected to tensile testing on a tensile machine in order to 
determine the mechanical properties. The force and longitudinal displacement (actuator displacement) were measured on the tensile testing machine, while with the optical 
measuring system, strains in the transverse direction (perpendicular to the tensioning direction) were measured. The results of the measurements on the tensile test machine, 
presented in the form of stress-displacement diagrams, are shown first within the same series (equal thickness of the test sample) and then the results are compared for 
different thicknesses of the test sample. By tensometric measurements, the change of the principal strains over time was determined. The engineering stress-strain curve 
for all nine test specimens was obtained using the optical measuring system and given in form of diagrams. It was found that the best tensile properties of all considered 
specimens have test specimens with the largest thickness, which also had glass fibers of knitted structure. 
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1 INTRODUCTION (INTRODUCTORY REMARKS) 
 

Fiber-reinforced polymers (FRP) have an excellent 
strength-weight ratio, durability and anticorrosion 
properties and thus have been widely used for 
strengthening structures and components [1]. It is simply a 
composite material made of polymer matrix and reinforced 
with fibers. There are practically no areas where they are 
not used, from all type of transport vehicles, to civil 
infrastructure, processing equipment, sport equipment etc. 
[2]. Very nice example of advantages in using of FRP is 
presented in [3] where authors analysed two concept hoods 
of small electric vehicle. Besides benefits of smaller mass 
of FRP composite hood, authors achieved the improvement 
in terms of lateral, transversal and torsional stiffness in 
relation to similar steel hood. Besides transport vehicles, 
composite materials are very often used in pressure vessel 
and piping design [4, 5] and there are even researches 
which are dealing with reinforcements in concrete 
structures as a substitute for steel bars [6] as well as direct 
mixing of carbon fibres into a cement [7]. This is still in 
research phase, but in some cases composites are used for 
many years instead of for example aluminium or steel. 
Good example is carbon-fiber composite which has a 
relative stiffness five times that of steel and is often used in 
aircrafts, automobiles, boat hulls, rocket industry etc. [8]. 
The mechanical behaviour of FRP largely depends on the 
mechanical properties of fiber itself but also on the matrix 
strength [9], especially on the connection between fibers 
and matrix in cases of enabling stress transfer between 
them [10]. Taking care about composition and orientation 
of fibers can affect greatly the mechanical properties and 
can be adapted to the specific functional tasks of the 
product [11]. Within this research, FRP, specifically     
fiber-glass polymer (FGP) which is used in manufacturing 
of Elan skis is considered. In that sense, energy dissipation 
of composite as well as dynamic stability of polymer 
matrix are very important [12] since skis are to be used in 
cold environment under dynamic loading. From the early 
days, skis are made from wood and they were heavy and 
difficult to handle. Wood is also highly anisotropic and 

sensitive to humidity absorbing the moisture and becomes 
even heavier, reducing strength and causing distortion. So 
even in those early days skis were made from various 
materials, combining wood and aluminium and were 
further developed with plastic base material and steel 
edges. The main design objective is to combine good 
strength and flexibility along the longitudinal axis with 
adequate torsion strength. Also, as it is mentioned, it is 
necessary to suppress vibrations of wide range of 
frequency since in operation the skis are subjected to 
variable dynamic loads at multiple impact points [13]. So 
taking into account all mentioned, FRP is ideal material for 
this purpose. Of course, skis are not made fully from FRP, 
in fact, skis are made as sandwich construction where FRP 
is just one of used materials in conjunction with metal and 
often carbon as well [14]. Skis can be made from even        
15 layers of different materials [15]. In case of getting full 
field deformation, optical methods can be applied. In that 
sense, optical measurement system is the most represented 
[16-19]. Within this research, specimen thickness is varied 
in order to analyse the dependency to the tensile strength. 
This kind of influence is analysed also by other authors for 
example on samples made from FGP by 3D printing 
technology [20]. 
 
2 EXPERIMENTAL ANALYSIS 
 

For experimental determination of the mechanical 
properties of the fiber glass-reinforced plastic, two 
methods are selected: standard tensile test on tensile 
machine and optical measurement system. 
 
2.1 Specimens Preparation and Designation 
 

Composite material selected for the analysis is made 
from polymer reinforced with fiber-glass SiOx of 50 mm 
length. Nominal length of each specimen is l = 250 mm. 
Each specimen has rectangular cross section with nominal 
width h = 25 mm, and thickness from b = 0,35 mm 
(specimen with designation U2); b = 0,8 mm (specimen 
with designation U3) and b = 1,16 mm (specimen with 
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designation U4). Three specimens are made for each group 
U2, U3 and U4, so in total, 9 specimens where tested. The 
test specimens were not cut directly from the skis, but were 
made specially from the same material from which the skis 
are made. Designations of each specimen with its real 
dimensions and cross sectional area A are presented in     
Tab. 1. 
 

Table 1 Specimens designations and dimensions 
Specimen designation b / mm h / mm A / mm2 

U2 
U2_1 0,34 25,03 8,51 
U2_2 0,34 24,43 8,31 
U2_3 0,35 25,49 8,92 

U3 
U3_1 0,83 24,85 20,63 
U3_2 0,83 22,70 18,84 
U3_3 0,80 25,17 20,14 

U4 
U4_1 1,16 24,64 28,58 
U4_2 1,15 24,89 28,62 
U4_3 1,15 24,90 28,64 

 

2.2 Microscopic Analysis of Fiber-Glass Reinforcement 
within Each Group of Specimen 

 
After chemical preparation of the surface of the 

selected specimens, specimens are analyzed with stereo 
microscope using magnifications 12×, 25× and 45×. Fig. 1 
shows surfaces of one specimen from each testing group 
U2, U3 and U4 using magnification of 12×. 

All the specimens are loaded in axial direction which 
is in the direction of scale presented in Fig. 1 on each 
microscopic image. It is obvious that specimens from each 
testing group U2, U3 and U4 have different reinforcement 
structure within the matrix. In order to precisely determine 
structure and its dimensions, thickness of fibers, distance 
from fibers as well as thickness of matrix between them has 
been measured. Example of this dimensional analysis for 
specimen from U3 testing group and for magnifications of 
12×, 25× and 45× is presented in Fig. 2.

     
a) U2                                                                                       b) U3                                                                            c) U4 

Figure 1 Surfaces of specimens from each testing group (magnification 12×)

Although every testing group has one specific 
thickness b, not only the influence of thickness on 
mechanical properties is compared, but also the influence 
of the structure of individual reinforcement setup. 

Therefore, optical microscope is used in order to get 
surface images with magnification of 1000×, Fig. 3. From 
this analysis it is concluded that some fiber reinforcement 
has knitted structure (U4), Fig. 3, c). 

 

       
a) U3, 12x magnification                                                             b) U3, 25x magnification                                                    c) U3, 45x magnification 

Figure 2 Fiber thickness and the distance between them for specimen from U3 testing group 
 

       
a) U2, 1000x magnification                                             b) U3, 1000x magnification                                                c) U4, 1000x magnification 

Figure 3 Structure of longitudinal fiber under optical microscope at 1000× magnification
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2.3 Tensile Test 
 

For the purpose of mechanical testing of specimens, 
tensile test machine is used. The tensile test has been 
performed according to the ISO 527-1 [21]. Measurement 
is performed by controlling the displacement with rate          
4 mm/min, Fig. 4. 
 

 
Figure 4 Example of tested specimen within tensile machine clamps 

 
Results of tensile tests for each testing group U2, U3 

and U4 are presented, Fig. 5 to Fig. 7. 
 

 
Figure 5 Stress-displacement diagrams within the same testing group U2 

 
There is similar behavior of U2_2 and U2_3 specimens 

within this testing group, while specimen U2_1 has 
initially similar slope as well, but after that there is 
displacement of almost 5 mm without increase of stress at 
all. So there is significant yielding and after that again 
increase of stress. 

Fig. 6 shows results in means of stress displacement 
curves within the testing group U3. 

Here is practically the same situation as in testing 
group U2. So one can notice also very similar behavior of 
U3_2 and U3_3 specimens, while specimen U3_1 has 
initially similar slope as well, but after that there is 
displacement of almost 7 mm without increase of stress at 
all. Here within U3 testing group, maximal reached stresses 
are significantly lower in relation to the testing group U2. 
 

 
Figure 6 Stress-displacement diagrams within the same testing group U3 

 
Fig. 7 shows stress displacements curves for testing 

group U4. Here, specimens U4_2 and U4_3 show very 
similar behavior, while specimen U4_1 has obviously 
slightly higher stiffness. Maximal reached stresses are 
expected to be greatest for the specimens with highest 
thickness considered within this research (1,16 mm), and 
they are doubled in relation to the specimens with thickness 
of 0,8 mm. 
 

Figure 7 Stress-displacement diagrams within the same testing group U4 
 
2.5 Measurement with Optical Measurement System 
 

On all specimens within this research, optical 
measurement system is also performed. Example of 
measurement on specimen U2_1 is presented in Fig. 8 in 
130th second from beginning of measurement. 
 

 
Figure 8 Deformation distribution for specimen U2_1 in 130th second 
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For specimen U2_1 at the beginning of the 
measurement, reference points G1,L = 20,035 mm and      
G2,T = 18,023 mm are taken into account. At the end of the 
measurement (t = 169,25 s) new coordinates of those 
reference points are G1,L = 20,514 mm and                             
G2,T =17,898 mm. Considering coordinate changes of 
reference points, i.e. position changes, it is possible to 
obtain principal strain in longitudinal direction of specimen 
(1), and in transversal direction (2). From those data it is 
possible to calculate the Poisson's ratio. 

Fig. 9 shows conventional curves - obtained with 
optical measuring system for all nine specimens. From 
diagram in Fig. 9 it can be noticed that the specimens from 
U3 testing group have the worst properties, slightly better 
are specimens from U2 testing group while the best are for 
specimens from U4 testing group. Specimens from U4 
testing group have the greatest thickness but also they have 
glass fibers of knitted structure. 

 
 
 

 
Figure 9 Conventional curves - obtained with optical measurement system 

 
2.6 Determination of Mechanical Properties 
 

The main aim of this paper is to determine the constant 
of elasticity of composite material in means of Young's 
modulus of elasticity E, Poisson's ratio  and shear 
modulus G. Of course, it is needed to determine E and  
while G can be calculated from them. 

Young's modulus of elasticity for each specimen is 
determined from conventional - diagrams obtained by 
optical measuring system (Fig. 9). Young's modulus is 
determined from slope of linear-elastic part of each 
diagram. Fig. 10 shows linear-elastic part of conventional 
- diagram for specimen U2_1 where Young's modulus 
of elasticity can be obtained from relation E = tan. The 
points E-Start and E-End are chosen for the most linear part 
of the curve. 
 

 
Figure 10 Linear-elastic part of - diagram for specimen U2_1 obtained by 

optical measurement system 

All the obtained values for Young's modulus of 
elasticity as well as corresponding values of tensile 
strength are presented in Tab. 2 for each specimen.  

To experimentally determine the Poisson's ration, it is 
needed to monitor longitudinal and transversal 
deformation what is done within this research with optical 
measuring system. Since Poisson's ratio is not constant it is 
possible to present it as a function of longitudinal 
displacement. In that sense, Poisson's ratio versus 
longitudinal displacement for specimen U2_1 is presented 
in Fig. 11. 
 

 
Figure 11 Poisson's ratio in dependence on longitudinal deformation for 

specimen U2_1 
 

Mean values for Poisson's ratio are calculated for each 
specimen and presented in Tab. 2. Mean values are 
calculated from data where the Poisson's ratio value 
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becomes almost constant, for example on specimen U2_1 
in Fig. 11 from 0,1 of longitudinal displacement. 

Shear modulus can be calculated from very well-
known relation which connects elasticity modulus, shear 
modulus and Poisson's ratio. All calculated shear modulus 
values are presented in Tab. 2.  

To summarize, all the calculated values for mechanical 
properties for each specimen are presented in Tab. 2. 
 

Table 2 Mechanical properties of each considered specimen 
Specimen designation E / GPa G / GPa / Rm / MPa 

U2 
U2_1 33,68 13,47 0,25 702,9 
U2_2 31,30 12,93 0,21 752,8 
U2_3 31,97 12,79 0,25 663,3 

U3 
U3_1 26,59 12,09 0,10 503,3 
U3_2 23,07 10,12 0,14 413,3 
U3_3 24,38 10,60 0,15 440,8 

U4 
U4_1 31,88 12,65 0,26 1013 
U4_2 39,00 15,60 0,25 828,5 
U4_3 38,61 15,32 0,26 917,4 

 
By analyzing the results, it can be noticed that the 

largest values of Young's modulus of elasticity E are for 
specimens from testing group U4 what is expected due to 
the maximal thickness as well as structure of fibers. Same 
situation is with Poisson's ratio, so the greatest value is for 
specimens from testing group U4, what is again expected 
due to the maximal thickness as well as structure of fibers. 
 
3 CONCLUSIONS 
 

The aim of this study was to determine the mechanical 
properties of glass fiber reinforced polymer by cutting nine 
test specimens of different thickness from the ski material. 
All specimens were subjected to tensile testing on a tensile 
machine where force and longitudinal displacement 
(actuator displacement) were measured. 

It was found that the worst mechanical properties were 
shown by the test specimens from the U3 testing group, 
while the best properties were shown by the test specimens 
from the U4 testing group which has the largest thickness 
of the specimens and which also had glass fibers of knitted 
structure. 

Future research on FGP test specimens made from ski 
material will focus in depth on reinforcement analysis. It 
should be noted here that even this research shows that 
thickness clearly has effect on the properties, actually it 
could happen that the thickness has no effect, except on the 
different reinforcement along it. 
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