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Abstract: Pultruded Fibre‐Reinforced Polymer profiles are widely used as structural elements in many civil infrastructure 
applications. However, the anisotropic elasticity and the application‐driven slenderness make these profiles prone to local 
buckling failure, well below their ultimate load capacity. In this paper, an experimental study was undertaken to characterise the 
tensile and compressive failure of GFRP round tube under axial loading. Based on the research focus of GFRP structures, this 
work will present a comprehensive study of the mechanical properties of GFRP tubes in terms of both tensile and compressive 
loads and investigate the mechanical parameters. This paper presents an investigation on the mechanical properties of pultruded 
Glass fiber reinforced polymer (GFRP) round tubes for structures subjected to tensile and compressive axial loading. The tensile 
and compressive strength of GFRP round tubes were first tested. For the stability under compression, the slenderness ratio 6 is 
adopted. The results show that the tensile strength of GFRP tube could reach 580 MPa, while the compressive strength has been 
around 72% of tensile strength. Also Experimental results showed that specimens exhibited linearly elastic up to failure. 
Compared with the single tensile failure mode of GFRP tubes, two types of compressive failure modes, including micro-buckling 
and local buckling were observed. Moreover, a finite element (FE) analysis was carried to simulate the tensile and compressive 
behaviours of round tube specimen. The comparison between the tensile and compressive peak load values obtained experiment 
and FE methods revealed that their difference is less than 5%. These indicated that FE analysis predicted reasonably the actual 
tensile and compressive behaviours of the pultruded GFRP round tube. 
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I.      INTRODUCTION 
Applications of Glass Fiber Reinforced Polymers (GFRP) elements have grown steadily during the last years, as they became 
extremely popular in different areas of the aerospace, automotive, marine, O&G (oil and gas) and civil construction industries, 
namely (fiberglass structures): ladders, platforms, handrail systems tank, pipe and pump supports [1]. The development of GFRP for 
commercial use occurred in the 1940s, particularly due to interest to the naval industry [2]. Afterward, the global production 
speedily increased, reaching the current development in the late 1960s [2], when the combination of low material and production 
costs and advances fabrication of members, finally make polymer production economical and diffused to other fields. Moreover, 
GFRP presents very flexible design solutions, due to its extraordinary fabrication adaptability, high durability and structural 
efficiency (strength-to-weight ratio) and its usage also benefits from increasingly low production and erection costs. 
GFRP is a category of plastic composite that specifically uses glass fiber materials to mechanically improve the strength and 
stiffness of plastics [4] – the resin provides additional protection to the fiber due to the bounding between materials [4]. Among the 
different methods of forming GFRP members, the pultrusion, which emerged in the USA in the 1950s [1, 2], was used to produce 
the GFRP profile.  Fibre-reinforced polymer (FRP) composites are meeting an increasing demand as construction material due to 
their excellent properties including light weight, high specific strength, corrosion resistance, and low maintenance cost. These 
characteristics made them a suitable alternative in replacing traditional materials such as concrete, steel, and timber in various 
applications in construction industry. GFRP composites can be made by pultrusion, a mechanised process for producing continuous 
sections. The process consists of pulling impregnated filaments together with a mat or fabric through a heated die [1]. This method 
provided an advantage in terms of product consistency and economy in manufacturing closed-section profiles including GFRP 
composite tubes [2]. These tubes have been also used as a structural decking component in bridges [5].  
This paper presents the characterisation of the mechanical properties of a 50 mm round pultruded tube used as GFRP handrail in 
Refinery. The main objective of this work is to investigate the behaviour of the tube under tensile and compressive loadings. Tests 
on specimens were undertaken to determine the mechanical properties of the tube. The tensile test was conducted following the 
standards defined in ASTM D638, and compressive test was conducted following the standards defined in ASTM D695.  
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Aside from these tests, a finite element analysis (FEA) was carried to simulate the tensile and compressive behaviours of tube 
specimen. The results obtained from the experiment were compared with those of FEA. 

 
II.      EXPERIMENTAL METHODOLOGY 

A. Material 
The round composite tube (Fig. 1) investigated is made from vinyl ester resin with E-glass fibre reinforcement and manufactured 
using the process of pultrusion. [7] The mass density of the pultruded tube is 1970 kg/mm3. Table 1 displays the section properties 
of the pultruded tube.  

Table 1 Section properties of the 50 mm round pultruded tube 
Properties Value 

Nominal outer diameter, d 
(mm) 

50 

Nominal thickness, t (mm) 5 
Nominal length, l (mm) 150 

Gross area (mm2) 5887 
Slenderness ratio 6 

 

 
Fig. 1 Pultruded GFRP Round Tube 

 
The experimental characterisation of the specimen has been performed using tensile test. The results obtained from tests provided 
the property values used in the FE analysis. The tensile test was performed in a 100 kN capacity UTM machine using a crosshead 
speed of 2 mm/min. [7] The test was conducted in accordance with standard ASTM D638. [6] A 100 mm long filament specimen is 
tested. An extensometer was also provided at the gauge length to measure the longitudinal and transverse deformations for 
determination of the Poisson’s ratio. [9] The experimental set-up used in conducting the tensile test is shown in Fig. 2. 

               
Fig. 2 Tensile Test 
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B. Actual Specimen Testing 
There is currently no standard method in performing compressive test on composite tubes. As a result, the procedures made 
available from the literature were considered as a guide in conducting the test. Specifically, the method adopted by Guess et al [4] in 
performing compressive test on composite tubes was considered. In the present study, the adopted length of the specimen is 150 mm 
providing a slenderness ratio of about 6. The test was performed in the 200 kN capacity servo-hydraulic compressive testing 
machine. [9] The test specimen was compressed at a rate of 1.5 mm/min up to failure. Fig. 3 displays the test set-up and the 
specimen used in conducting the compressive test.  

 
Fig. 3 Compressive Test 

 
III.      EXPERIMENTAL RESULTS AND DISCUSSION 

A. Filament specimen 
The longitudinal load–displacement and stress–strain relationships; and the failure mode of specimen under tensile loading are 
displayed in Fig. 4. In tensile test, the values of the stress and the strain in the curve (Fig. 4 b) are the average values of the 
specimens with attached strain gage.[8] It should be noted that the calculation of tensile stress and modulus values are based from 
the equations suggested in the corresponding standard. The calculated tensile modulus was found to be ranging between 42 and 45 
GPa. From Fig. 4 a and b, one can observe that the specimen exhibited an elastic behaviour up to failure. Fig. 4 a indicates that the 
maximum tensile load ranges from 73 to 89 kN (failure stress at 570–650 MPa). The estimated strain at this failure load is about 
15,300–17,300 microstrains. On the other hand, the measurement from the extensometer shows that the value of the Poisson ratio 
varies between 0.31 and 0.35.  

 
Fig. 4 a Load displacement curve 
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Fig. 4 b Stress-strain curve 

 
B. Actual Specimen results 
Fig. 5 displays the results of the actual profile specimen obtained from compressive testing. It can be observed from Fig. 5 b that the 
tubes subjected by compressive load remained linearly elastic until the failure of specimen. From Fig. 5 a, the values of the peak 
compressive load is found to be in between 540 and 590 kN (equivalent stress between 268 and 294 MPa). The calculated 
compressive modulus using the stress–strain curve ranges from 38 to 42 GPa with a failure strain at about 6800–7000 microstrains. 
During the compression loading, initially a certain number of vertical cracks, parallel to each other, were formed on the tube surface. 
These cracks stretched to both ends of the tube along the principal compressive stress trace with the increasing of the axial 
compressive stress. It was also observed that the common type of damage is buckling bulge (inside and outside), delamination along 
the wall, glass fibre rupture (Fig. 5 c).   

 
Fig. 5 a Load-displacement curve 

 

 
Fig. 5 b Stress-strain curve 
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Fig. 5 c Failure mode 

 
C. Summary of the mechanical properties 
Table 2 summarise the average value of the properties of the composite tubes determined from actual profile tests. The results 
indicated in Table 2 show that for actual profile tests, the peak compressive stress of the full-scale specimen is 278 MPa. On the 
other hand, the compressive elastic modulus and strain at peak is 40 GPa and 0.69, respectively. From Table 2, the deviation of the 
experimental data derived from tests on actual profile specimen is less than 3%. The overall results from the experiment infer that 
the reproducibility of the test is quite reasonable and the manufacturing process of the tube is consistent. 
 

Table 2 Summary of mechanical properties from actual specimen test 
Properties  Value 
Compressive, peak stress (MPa) 278  
Compressive, elastic modulus 
(MPa) 

40,000  

Compressive, strain at peak (%) 0.69  
 

IV.      SIMULATION USING ANSYS 
A. Finite Element Analysis (FEA) Using ANSYS 
Numerical simulations were performed to compare with the experimental measurements of the tensile and compressive behaviour of 
the tubes. The main objective of conducting the FE method in the characterisation of the tensile and compressive behaviours is to 
reduce the high cost brought by repeatedly conducting experimental works. [17] The finite element model was developed whereby 
the property inputs are based from the material properties derived from filament tests. Finite element method was conducted 
simulating the specimen and the loading set-up in the actual experimental conditions to have a reliable result. The simulation of the 
tensile and compressive behaviour of the actual profile tubes using FE analysis is discussed. 
 
B. FE simulation on the Compressive Behaviour 
In this study, the 50 mm round tube with a length of 150 mm was modelled comprising 1248 nodes and 314 elements; with meshes 
of 5* 5 mm. Fig. 6 a shows the material model of the 50 mm round pultruded tube with a wall thickness of 5 mm and a length of 
150 mm. Laminate properties were adopted as property attributes of plate elements. The laminate was modelled as a stack of several 
plies. [17] The ply properties adopted in modelling the laminate is summarised in Table 3. 

 
Table 3 Material properties of the tube wall 

Material property Symbol Property 
value 

Unit 

Density q 1970 kg/m3 
Thickness t 0.5833 mm 

Elastic modulus (longitudinal 
direction) 

E11 39,200 MPa 

Elastic modulus (transverse E22 12,900 MPa 
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direction) 
Poisson ratio µ 0.35 - 

 
C. Preparation of CAD Model Using ANSYS Software 

 
Fig. 6 a ANSYS Model 

 

 
Fig. 6 b ANSYS Meshed Model 

 

 
Fig. 6 c Deformation under Compression 

 

 
Fig. 6 d Deformation Stress 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue IV Apr 2024- Available at www.ijraset.com 
    

 
4966 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

 
Fig. 7 Comparison of the compressive stress–strain curves 

 
In the conducted experiment, the composite tube was in contact with stiff loading plates at the two ends. A uniformly distributed 
pressure was applied on the top of the model to properly simulate the loading condition. Initially, a 240 MPa uniform pressure load 
(equivalent to 510 kN) was applied on the top edge of the model. This value was chosen arbitrarily as this is more or less the peak 
load recorded during the experiment. [9] Fraction of this load was then used in the analysis to provide several load values in aid of 
plotting the load relationship. A linear static solver was used to investigate the compressive behaviour of the tube.  
Fig. 7 displays the comparison of the longitudinal stress–strain curve obtained from the experimental and FE investigations. In the 
figure, the experimental data are from one of the tested specimen. The experimental result shows linear stress–strain relationship up 
to final failure and is in good agreement with the predicted stress– strain relation based from FE method. It should be noted that the 
failure in FE model assumed to adopt the strain at failure of the sample derived from test and used to calculate the stress at failure. 
The actual failure stress of the tube using experimental investigation is 278 MPa (equivalent to 550 kN failure) at a failure strain of 
7000 microstrains. On the other hand, the predicted failure stress using FE method at same strain is around 267.9 MPa (512 kN). 
This value is 4.1% lower to that of the actual failure stress. The difference of the values is comparably small and therefore the 
values used in the inputs, as well as assumptions used in modelling, are considered acceptable as it predicts the experimental values 
reasonably.  
The comparison between the failure modes of the tube obtained from FE analysis is shown in Fig. 6 c. The typical failure mode 
observed in the experiment is buckling and at the sides of the tube. Moreover, delamination and matrix cracks at several locations of 
the tubes were present during the compressive test. The simulated failure of the tube reveals that bucking bulge happened at its outer 
diameter (Fig. 6 d). Similarly, bulging is also imminent at the sides of the tube. The experimental results show that cracking is also 
transpiring at the mid-length along the circumference of the tube. The simulated failure mode did not apparently have this kind of 
failure. However, it is clear that stress concentration in this area is highlighted indicating that cracks are imminent in this region. 
 

V.      CONCLUSION 
In this mechanical characterization, tests were carried out on a round pultruded GFRP tube to investigate its mechanical properties. 
Moreover, an FE analysis was performed to simulate the compressive and flexural behaviours of the tube. The result showed that 
generally, specimen and actual specimen exhibited linearly elastic up to failure. Compared with the single tensile failure mode of 
GFRP tubes, two types of compressive failure modes, including micro-buckling and local buckling were observed. The maximum 
variation of the experimental data is around 6%. This also indicates that the experimental procedures were conducted within the 
acceptable margin of error. The comparison between the compressive peak load values using experiment and FE methods revealed 
that their difference is less than 5%. The tensile and compressive failure modes obtained from the experiment were fairly simulated 
in the FE analysis. These results showed that FE analysis predicted reasonably the actual tensile and compressive behaviours of the 
pultruded GFRP tube. 
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