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Abstract  
This paper presents a summary of preliminary results obtained from an experimental and 
numerical investigation on the behavior of web-flange junctions of pultruded glass fibre-
reinforced polymer I-profiles. The pull-out strengths derived from fifteen tests are presented 
and typical modes failure are identified. Finite element results support experimental findings 
from strain gage data.  

 
 

1 Introduction 
Fibre-reinforced polymer (FRP) composites represent a class of advanced materials whose use 
has spread from the aeronautical, mechanical and naval industry to civil infrastructure due to 
their high strength-to-weight ratio, low maintenance cost and high corrosion resistance.  
The majority of the commercially-produced pultruded fibre-reinforced polymers (PFRP) have 
been designed and developed by the pultrusion industry and are  intended for low-stress 
applications. 
Recently, composites have been introduced as primary structural members to replace or 
complement other conventional materials, such as steel, concrete and wood, in critical 
applications such as bridge decks, pedestrian bridges, and recently in highway bridges and 
other infrastructural systems. 
As the interest in using PFRP profiles in construction applications continues to increase, it 
became critical and essential to understand their short- and long-term mechanical behavior.  
Several recent and relevant studies [1-9] have been conducted and focused on the 
performance of PFRP frame structures. The results of these studies have highlighted the major 
problems associated with the structural deficiency of unidirectional PFRP profiles, especially 
at the web-flange junctions (WFJ) that lack fibre continuity. This lack of fibre continuity may 
lead to progressive degradation in both axial and rotational stiffnesses and strength of these 
junctions, affecting both the buckling, post-buckling and the overall short- and long-term 
structural integrity of the PFRP profiles [1-7]. 
Other relevant studies [8,9] have highlighted the influence of the architecture of the web-
flange junctions on the collapse of the profiles. In fact, the mechanical properties of the WFJ 
are not the same as those of the flats parts of the web and the flanges due to them also  
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depending on the specific processing method used by the manufacturer to produce PFRP 
profiles. 
The authors are developing a research program whose main aim is to evaluate the strength and 
stiffness characteristics of open-web PFRP profiles. In particular, both the axial and rotational 
stiffness of WFJ of I- profiles and C- profiles are investigated through in-depth experimental 
program in order to develop P-δ and M-θ relations that are necessary for accurate analytical 
predictions of both the local and global responses of PFRP frame structures. In fact, their 
failure mechanism has yet to be fully understood and they often involve failure of the web-
flange junctions. Moreover, P-δ and M-θ relations are also essential for establishing optimum 
and reliable design limit-states of such structures.  
In particular, this paper presents preliminary results obtained from the first series of pull-out 
experimental tests on GFRP pultruded I-profiles. The experimental findings are compared 
with the numerical results obtained through a finite element analysis (FEA) carried out using 
commercial FEA software. 
 
2 Experimental Setup 
2.1 Test description  
The test program was conducted in the Materials and Structural Testing Laboratory of the 
Department of Civil Engineering (DICIV) of the University of Salerno. It consisted of two 
main parts: the first part was an evaluation of the axial behavior for web-flange junctions of 
the profiles, while the second part was an evaluation of web-flange relative rotational 
behavior.  
This paper describes the results of the first part of the research giving details of the pullout 
full-scale experiments of the aforementioned FRP profiles. 
In the pullout tests, WFJ from different profiles are subjected to a uniform pull load applied 
on the bottom flange of the profiles. Specifically, two different test setup were considered: in 
the first, the pull force was eccentrically applied at the end-point of the specimens (Fig. 1) 
while, in the second, the pull force was applied at their mid-point (Fig. 2). These loading 
scenarios are similar to those reported in Ref. [1]. 
 

 
 

 

Figure 1. End Point Pull-Out Test Setup. Figure 2. Mid Point Pull-Out Test Setup. 
 

For all the specimens, the pull axial load was performed using a calibrated Shenck Hydropuls 
servo-hydraulic testing machine equipped with two thick steel angles in order to provide 
fixity to the upper flange and web of the profiles (Fig. 3). In order to measure the web/flange 
junction strains of the specimens, three rectangular self temperature compensated strain gages 
(Vishay MM C2A-06-125LW-120) were placed as shown in Figs. 4a,b. In all the tests, a force-
controlled loading protocol was adopted and both the incremental applied load as well as the 
associated relative web/flange displacement were continuously recorded via a calibrated data 
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acquisition system (System 5100 Vishay MM). Data obtained during the test were 
subsequently elaborated using the StrainSmart software. 

 
 

Figure 3. Schematic Setup of Web-Flange Junction Pull-Out Test (dimension in mm). 
 

 
 

Figures 4a,b. Typical strain gages layout for End Point Pull-Out (a) and Mid Point Pull-Out Test (b) 
(dimension in mm). 

 
2.2 PFRP materials 
Two sizes of commercially-produced structural pultruded I- profiles, i.e., 160 (H) x 80 (B) x 8 
(Tf=Tw) mm and 200 (H) x 100 (B) x 10 mm (Tf=Tw), denoted as I_160 and I_200, 
respectively, were chosen for this investigation. The geometrical characteristics of the PFRP 
profiles discussed in this paper are reported in Table 1. 

  
Profile H  

[mm] 
B  

[mm] 
Tf  

[mm] 
Tw  

[mm] 
A 

x 103 [mm2] 
g 

[g/m] 
Ixx 

x 106 [mm4] 
I_160 160 80 8 8 2.49  4.480 9.66 
I_200 200 100 10 10 3.89 6.990 23.60 

Table 1. Geometry of the pultruded profiles.  
 

The mechanical properties of the FRP materials obviously depend on the matrix and fibre 
volume ratios, which, for pultruded GFRP elements, are generally equal to 60% and 40%, 
respectively, assuming no presence of voids. 
As it is well-known [10,11], the pultruded FRP shapes can be simulated as a laminated 
configuration with the internal layer constituted of unidirectional fibres (roving) parallel to the 
longitudinal axis (z) and the external layers composed of multi-directional fibres (mat) which 
completely wind around the pultruded element. Consequently, the material exhibits a 
transversely isotropic behavior: anisotropic in the z-direction and isotropic in the x and y 
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directions. In the aforementioned coordinate system (x, y and z) the engineering constants are 
related as follow: Ex = Ey ; νzx = νzy and Gzx = Gzy. 
The nominal values of the main mechanical properties of the pultruded profiles were supplied 
by the manufactures (Table 2) and verified by the authors through traction tests. 
 
Property Measurement Unit Value 
Longitudinal elastic modulus, Ez MPa 23,000  
Transversal elastic moduli, Ex = Ey MPa 8,500  
Transversal shear modulus, Gxy MPa 3,455  
Shear Moduli, Gzx = Gzy MPa 3,000  
Longitudinal Poisson’s ratio, νxy  0.23 
Transversal Poisson’s ratios, νzx = νzy  0.09 
Material density () kg/m3 1,600-1,800 

Table 2. Mechanical properties of GFRP structural profiles (Nominal values). 
 
3 Experimental Results 
A total of 15 specimens were cut transversely from the I-profiles and loaded in tension at a 
constant rate of about 0.001 N/s until failure. In particular, they were divided into four group 
according to the profile size (I_160 and I_200) and location of the pull force (End-Point and 
Mid-Point). The detailed results obtained from the experimental investigation are presented in 
Tables 3-6. 
Typical load versus displacement curves, obtained from tests on I_200_MP and  I_200_EP 
specimens, are shown in Fig. 5 and Fig. 6, respectively.  
As shown in Fig. 5, the I_200_MP_1 specimen displacement increased linearly with 
increasing load up to an axial displacement of 0.9 mm, corresponding to a load level of 14.8 
kN. After which, a stiffness degradation was observed and the load-displacement (P-δ) curve 
followed a near-linear behavior until a 1.18 mm displacement level was reached 
(corresponding to a 17.9 kN axial load). Beyond this level, signs of local junction failure 
started to occur. This failure increases rapidly and determines a large region of separation 
between the flange and web as shown in Fig. 7a. For the I_200_EP_1 specimen, the 
displacement increased linearly with an increasing load up to an axial displacement of 0.46 
mm, corresponding to a load level of 6.29 kN. After which, failure started to occur. This 
failure increases rapidly and determines a large region of separation between the flange and 
web as shown in Fig. 8a.  
For the I_200_EP_2 specimen the displacement increased linearly with increasing load up to 
an axial displacement of 0.6363 mm, corresponding to a load level of 5.0063 kN. After this 
load level failure occurs as shown in Fig. 9a. 
The deformations along the y-axis (εyy) recorded during the test of specimens I_200_MP_1 
I_200_EP_1 and I_200_EP_2 are plotted in Figs.7b, 8b and 9b, respectively. 
 
4 Finite Element Analysis 
In order to support the experimental findings, a 3-D finite element analysis was employed in 
the linear elastic field by using commercial finite-element software (Straus 7 by G+D 
Computing). In particular, the internal parts of the web and flanges of the pultruded profiles, 
composed of unidirectional fibres (roving), were modeled by using eight-node orthotropic 
finite elements (bricks), while orthotropic surface elements (plates) were used to simulate the 
external layers composed of multi-directional fibres (mat). The mechanical properties of the 
materials used for the analysis are reported in Table 2.  
Figures 10.a and 10.b show the three-dimensional finite-element meshes of specimens 
I_200_EP_1 (I_200_EP_2) and I_200_MP_1, respectively.  In both cases, the nodes of the 



ECCM15 - 15TH EUROPEAN CONFERENCE ON COMPOSITE MATERIALS, Venice, Italy, 24-28 June 2012 
 

5 
 

plates of the upper flange were constrained against all movements, while the uniform pull 
load acting on the lower flange of the PFRP I-profile was applied by modeling the steel 
device fixed to the testing machine.  
 

Specimens Length Failure Load δfailure 
 [mm] [kN] [mm] 

I_160_EP_1 300 3.7942 1.1049 
I_160_EP_2 300 3.1160 0.6484 
I_160_EP_3 300 4.1862 1.1598 
I_160_EP_4 300 3.2489 0.5367 

Table 3. Failure loads and displacements obtained from experimental tests on I_160_EP specimens. 
 
 

Specimens Length Failure Load δfailure 
 [mm] [kN] [mm] 

I_160_MP_1 300 10.3826 0.5776 
I_160_MP_2 300 9.2705 1.0952 
I_160_MP_2 300 9.3582 1.0095 
I_160_MP_4 300 11.2126 1.5285 

Table 4. Failure loads and displacements obtained from experimental tests on I_160_MP specimens. 
 
 

Specimens Length Failure Load δfailure 
 [mm] [kN] [mm] 

I_200_EP_1 300 6.2900 0.4600 
I_200_EP_2 300 5.0063 0.6363 
I_200_EP_3 300 8.0428 0.9373 
I_200_EP_4 300 5.2407 0.7011 

Table 5. Failure loads and displacements obtained from experimental tests on I_200_EP specimens. 
 
 

Specimens Length Failure Load δfailure 
 [mm] [kN] [mm] 

I_200_MP_1 300 17.9000 1.1800 
I_200_MP_2 300 13.7920 1.4838 
I_200_MP_3 300 15.0095 1.5137 

Table 6. Failure loads and displacements obtained from experimental tests on I_200_MP specimens. 
 

 

  
Figure 5. Load (P) versus displacement (δ) curve  

for  I_200_MP group of specimens.  
Figure 6. Load (P) versus displacement (δ) curve  

for I_200_EP group of specimens. 
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Figure 7a. Failure mode of I_200_MP_1 specimen. Figure 7b. Load (P) versus experimental strain (εyy) 
of  I_200_MP_1 specimen. 
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Figure 8a. Failure mode of I_200_EP_1 specimen. 

 
Figure 8b. Load (P) versus experimental strain (εyy) 

of I_200_EP_1 specimen. 
 

 
Figure 9a. Failure mode of I_200_EP_2 specimen. 
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Figure 9b. Load (P) versus experimental strain (εyy) 

of  I_200_EP_2 specimen. 
 
For specimens  I_200_EP_2 and I_200_MP_1, the simulation strains results along the y-axis 
(εyy), obtained at the load levels of 5.0063 kN (failure load) and 12.3199 kN, respectively, 
were compared with the corresponding experimental data measured at the points SG1, SG2 
and SG3 where the strain gages were placed (Figs. 11a and 11b). In both cases, a reasonably 
good agreement between the simulation and the real data can be observed.   
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Figure 10a. Finite-element model of  I_200_EP_1 
(I_200_EP_2) specimens. 

Figure 10b. Finite-element model of  I_200_MP_1 
specimens. 

 
Finally, the stress-concentrations (σyy) at the web-flange junction of the two specimens are 
presented in Figs. 12a and 12b. From these figures, one can notice the different stress 
distributions produced from the numerical analysis, as well as the different failure modes 
observed during this preliminary experimental study. The two modes of failure were in the 
form of (i) a complete and sudden separation of the flange from the web (see Figs. 7a and Fig. 
8a), or (ii) a progressive failure in the form of a delamination crack adjacent to the triangular 
shaped core of roving (refer to Fig. 9a).  
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Figure 11a. Comparisons of the experimental and 

numerical results of εyy in the pull-out test of 
I_200_EP_2 specimen (P=Pfailure=5.0063kN). 

Figure 11b. Comparisons of the experimental and 
numerical results of εyy in the pull-out test of 

I_200_MP_1 specimen (P=12.3199kN). 
 

  
Figure 12a.  Stress concentration (σyy) at the web-

flange junction of the end point of  
I_200_EP_2 specimen (P=5.0063kN). 

Figure 12b.  Stress concentration (σyy) at the web-
flange junction of the mid point of 

 I_200_MP_1 specimen (P=12.3199kN). 
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5 Conclusions 
Preliminary experimental and numerical results of a pilot study, aimed at evaluating the 
web/flange axial strength and stiffness of fifteen PFRP are presented. 3-D finite element 
models were developed to predict the behavior of these specimens. Results from the 
numerical models were compared to those obtained from the experimental program and found 
to be satisfactory. 
The results gathered from this preliminary pilot research study provide important information 
on one major structural deficiency and limitations related to the inherent weakness of the 
web/flange junctions of the majority of commercially produced, off-the-shelf unidirectional 
pultruded composites.  
The results of this research will provide structural engineers with essential design data to 
assist to secure optimum design as well as to achieve maximum benefits of PFRP materials. 
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