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Abstract: The strength and energy absorption capacity of concrete compression members are a significant concern 
when considering the structural performance under axial and lateral loads. A lot of methods and different 
techniques have been proposed in the past to improve the behavior of concrete columns under the applied loads. 
One such technique is the concrete filled-plastic tube (CFPT) strengthened externally with fiber-reinforced 
polymers (FRP). Such a system can improve the durability of the structural members. A review of the research 
work on the durability of the new system under axial and flexural loads is presented. Moreover, a comparison and 
a brief discussion of the reported results are displayed.  
Keywords: Plastic tube; CFPT; FRP; Strength; Durability.  

 
 
1. Introduction 
 

Durability and protection of existing infrastructures increased the demand for rehabilitating and retrofitting of 
concrete compression members found in building substructures and bridges. Durability and maintenance of 
infrastructure systems demand the allocation of significant resources. It is estimated a spent of 2 trillion US$ on 
infrastructure construction and repairs in the Asian areas alone in the year 2000 [1]. Continuous increase in costly 
rehabilitation works can burden the development and economic growth of the society. Composite materials 
technology is a convenient alternative to conventional reinforcement in infrastructure construction and applications. 
In the past, several materials have been investigated to improve the performance of concrete, including steel ties 
[2] and spirals [3], steel tubes [4], (FRP) [5], polymeric polyvinyl chloride (PVC) tubes [6-19]. Such systems have 
been considered as useful for increasing strength of unconfined concrete and enhancing the durability. Over the 
last five decades, considerable attention focused on CFPT composite materials due to their many advantages [15].  

However, these composite materials still cannot fulfill all the engineering requirements, and they lack the 
necessary stiffness required for structural applications [11]. Such a requirement could be fulfilled using FRP 
externally applied to increase the stiffness of the system [9]. Although FRP composites have been known for their 
effectiveness in enhancing strength and ductility, they still have not been widely adopted in the construction 
industry due to the high cost of materials and time-consuming repair techniques and lack of detailed design 
guidelines. Fiber-reinforced polymers consist of two components brittle fibers with high stiffness and strength, 
and a thermosetting polymer matrix with many inferior properties. Recently composite columns made of flexible 
PVC tubular and FRP wraps as an external shell with concrete core have attracted attention due to its many 
advantages. One advantage is to reduce the cost and improve the ductility of the CFPT-FRP composite system 
[20]. Use and potential applications of composite materials like plastic tube externally strengthened with FRP to 
confine cementitious composite materials like concrete are reviewed with more emphasis on the PVC tube 
component since the FRP component has been well documented. The durability of CFPT-FRP members used in 
civil and construction applications is reviewed. These include PVC jacket, CFPT-FRP members under 
compression, and flexure.  
 
2. Previous studies 

 
Concrete-filled tubes have been widely used in buildings and bridge piers. Lack of confinement is one of the 

shortcomings of concrete columns [21]. Toutanji and Saafi [20] has used a column consisting of a concrete-filled 
PVC tube externally reinforced with FRP strips at different spacing for new construction.   In that system, the 
plastic tube acts as the formwork while the FRP provides additional confinement to the cast-in-place concrete core. 
The external surface of the plastic tube was grooved in the lateral direction to embed the fiber strips. Fig.1 shows 
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three possible types of tube surface grooving; (a) the grooves are equally spaced in the lateral direction;(b) the 
grooves are inclined at an angle of 45 degrees, (c) the surface grooves are inclined at an angle of 135 degrees. 

  

 
Fig. 1. Surface grooving of plastic tube: (a) surface grooves at angle 0o; (b) surface grooves at angle 45o; (c) surface 
grooves at orthogonal angle. 

 
The effect of surface grooving on the plastic tube performance under load was simulated [22] using an ANSYS 

finite element package to model the compressive properties and crushing response of circular grooved PVC tubes 
subjected to static axial testing, Fig. 2. The system can be considered more economical than other FRP confining 
methods [20] since it consumes fewer fibers but with similar strength and toughness characteristics. The composite 
system exhibited high strength and ductility under axial load and a new design procedure for CFPT-FRP composite 
system was proposed to achieve more durable and economic structures.  

 

 
Fig.2. Modeling the modes of collapse observed in the series of static compression tests [22]. 

 
CFPT-FRP is a composite system in which the FRP shell acts as reinforcement in the axial and hoop directions. 

However, the compressive strength of PVC strengthened with FRP is the compressive strength of the PVC tube 
only. The PVC tube has enough stiffness to resist the initial crack and lateral deformation of concrete core and 
stress transfer from the FRP strips to concrete. At later stages of loading, the PVC tube transfer confining stresses 
uniformly from FRP strips to the concrete core and resist compressive stress from applied vertical load [23]. The 
axial capacity of PVC-FRP tube mainly related to the equivalent confinement effect coefficient and is expressed 
[23] by:  

 
𝑁𝑁𝑎𝑎=𝐴𝐴𝑐𝑐𝑓𝑓𝑐𝑐𝑐𝑐 + (1+1.31ξ𝑒𝑒𝑒𝑒)      (1) 

ξ𝑒𝑒𝑒𝑒  =
𝐴𝐴𝑓𝑓 𝑓𝑓𝑓𝑓
𝐴𝐴𝑐𝑐𝑓𝑓𝑐𝑐𝑐𝑐 

 𝐾𝐾𝑔𝑔                      (2) 
 

where 𝐴𝐴𝑓𝑓 and 𝑓𝑓𝑓𝑓 are the cross-sectional area and the ultimate tensile strength of CFRP, 𝐴𝐴𝑐𝑐 and 𝑓𝑓𝑐𝑐𝑐𝑐  are the cross-
sectional area and compressive strength of unconfined concrete and 𝐾𝐾𝑔𝑔 is the confining influence coefficient of 
CFRP strips. 
 

𝐾𝐾𝑔𝑔=
𝑆𝑆𝑓𝑓
𝑆𝑆′

                                        (3) 
 
where 𝑆𝑆𝑓𝑓 is the width of CFRP strips, 𝑆𝑆′ is the hoop spacing of CFRP strips, and  𝑆𝑆′ ≥𝑆𝑆𝑓𝑓 . a bilinear model was 
developed [23] to predict the stress-strain of the CFPT-FRP column. Results show good agreement between 
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numerical and experimental data. The engineering society and industry has shown considerable interest in seeking 
solutions and developing innovative and cost-effective techniques to mitigate the damage caused by seismic loads. 
Identifying new structural strengthening methods is a significant point of interest for structural and material 
engineers [17]. Fakharifar et al. [24] used plastic instead of steel tubes to confine concrete in the Concrete Filled 
Tube (CFT) system for the seismic design of reinforced concrete columns. The proposed CFT system yielded 
better results in terms of strength and ductility.  

When FRP was introduced to the CFT system as an external shell, the composite action of CFPT-FRP produced 
a considerable enhancement in the strength of the composite columns. The authors reported that the efficacy of 
PVC tubular implemented in CFT columns was demonstrated under uniaxial compressive tests [24]. Jiang et al. 
[25] examined six concrete filed CFPT-FRP tubes under reversed loading. Failure modes, hysteretic characteristics, 
ductility, energy dissipation ability were studied to evaluate the seismic behavior of CFPT-FRP columns with 
carbon and basalt fibers. Test results revealed good hysteretic behavior, but when the outer CFPT-FRP tubes 
fractured or failed, the lateral bearing capacity dropped suddenly, before the failure of the columns. The 
performances of CFPT-FRP specimens with basalt fibers were inferior to those of CFPT-FRP with carbon fibers, 
evaluated in terms of lateral peak load, stiffness, and energy dissipation capacity.  

PVC-concrete composite columns show a high energy absorption capacity. Test results reported by Jiang et al. 
[25] show the reinforced concrete column with designation B0, confined with a PVC tube only had a ductility 
factor of 5.74 compared with 6.02 for a similar column, B3-3, but confined with CFPT-FRP column having basalt 
fibers. 

Fakharifar and Chen [26] introduced a new composite confinement system consisting of columns with FRP 
wraps, PVC tube, and with or without compressible Foam (as impact absorption medium) in between (CCFPT). 
The study program covered five concrete filled PVC (CFPT) tubes and fourteen FRP, carbon (C) or glass (G), 
wrapped concrete specimens (FW) having 305mm height, and 152mm diameter under axial compressive load. The 
influence of compressible Foam as an energy dissipation medium on the post-peak behavior of the CCFPT 
specimen was explored. The authors reported that when excluding the compressible Foam, the behavior of CCFPT 
specimens resembled the FW specimens in stress-strain relationships with brittle failures upon FRP rupture and 
immediately followed by PVC fracture due to sudden transfer in confining pressure. With compressible Foam 
included, the CCFPT specimens were able to combine the strength of the FW specimens and the ductility of the 
CFPT specimens. The authors reported that the nominal confinement ratio of a PVC tube could be calculated from:  

   
�𝑓𝑓𝑓𝑓𝑓𝑓
𝑓𝑓𝑓𝑓𝑓𝑓
�
𝑃𝑃𝑃𝑃𝑃𝑃

=2𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 
𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓𝑐𝑐𝑐𝑐

 (4) 

 
where 2𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃  is thickness of tube; 𝑓𝑓𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦  is yield strength; 𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖= internal diameter of the PVC tube. Furthermore, 
the confinement pressure of PVC tube was approximately equivalent to half that of provided by 1 ply of CFRP or 
GFRP.  
 
3. CFPT-FRP members 
  

In the last decades, composite materials technology has emerged to compete with conventional reinforcing 
materials for strengthening concrete structures, and it has been the subject of several studies. The new type of 
composite column consists of the in-place concrete core encased in a thin-walled PVC tube externally reinforced 
with FRP hoops, [20]. The spacing of the hoops depends on the required strength. For additional strength, steel 
bars can be used to reinforce the concrete core. The developing direction of modern structural engineering is large. 
Central to the analysis and design of CFPT-FRP composite members, is the identification of key parameters 
influencing its performance under environmental loads.  
 
4. Durability-plastic tube effect 

  
The durability of CFPT-FRP columns and concrete columns confined with FRP under harsh environmental 

conditions was examined [27]. The experimental results illustrated the effectiveness of the confinement system in 
improving strength and the energy absorption capacity of the axially tested concrete specimens. The advantages 
of CFPT-FRP were verified by an experimental investigation [28]. The main features of the new system included 
high bearing capacity and enhanced ductility. CFPT-FRP column is a composite system in which CFRP has 
reasonably excellent durability and an important practical value for engineering applications. Whereas PVC is an 
ideal material for the composite system, it is not only economical but also has excellent durability. The authors 
reported that CFPT-FRP provides a new form for the invention of a structural system, which has a bright future 
and development space.  
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The influence of the chloride environment on the compression behavior of CFPT-FRP columns with carbon 
fibers was examined [29]. The tensile strength, elastic modulus, ultimate tensile strain, failure mode, bearing 
capacity, and the stress-strain relationship of CFPT-FRP specimens exposed to aggressive chloride environment 
remained relatively unchanged. The PVC tubes protect the core concrete and avoid the erosion of the chloride 
environment.  
 
5. Durability of composites 

 
In the past, considerable effort has gone into improving the mechanical performance of concrete members in 

aggressive marine environments using composite materials, where materials deterioration can considerably lessen 
the effects of confinement. Fiber-matrix interface was reported to be vulnerable to cracks after exposure to 
aggressive environments. Detrimental environmental agents have been reported to attack and damage the FRP 
composite surface texture, which may facilitate the penetration of aggressive ions found in water into the concrete 
core and steel reinforcement. Degradation of mechanical properties of FRP was reported previously and 
particularly for GFRP when subjected to aggressive environments. Exposure to freeze-thaw cycles reported 
leading to micro-cracks and de-lamination of the fiber-matrix interface [30]. Water affects the mechanical 
properties of in-plane wet lay-up composites. Thin-walled PVC tube filled with concrete can display considerable 
deformation under load and good durability performance [14]. The load capacity of PVC tubular-concrete sections 
might be improved using FRP composite materials as an external shell. 

Water may also contribute to the damage of the polymer matrix, known as plasticization, [31]. Epoxy-layered 
silicate nanocomposites have the potential to lower the permeability of the matrix [32]. Two additive agents Silanes 
(organofunctional trialkoxysilanes) and organotitanates, have been used as a protection against diffusion into the 
matrix [33]. PVC presents chemical stability and protects the polymer resin from chemicals found in fresh concrete 
during the hydration of cement. The composite column possesses the high tensile strength capacity of CFRP and 
is a feasible proposal for the exceptional environment due to the good durability performance of PVC [7]. CFPT-
FRP durability is, for the most part, influenced by characteristics of FRP material and the polymeric PVC tube. 
Polymer composites are more resistant to degradation than many of their competitors [34]. The performance of 
polymer composite is a function of the service environment. The degree of interaction of the polymer with the 
service environment is one of the causes of its degradation. The long-term stability of the polymer will be 
dependent upon its durability in the environment into which it is placed and improvement in its barrier properties. 
Generally, the right application of the resin matrix should be sufficient to protect and shield the fibers from 
aggressive agents [35].    

Durability tests [20] were conducted on hybrid concrete columns under different environmental conditions. 
Three fibers (glass, aramid, and carbon) which are consistently used in the construction industry were investigated. 
The specimens were confined with different FRP spacing and underwent 200 and 400 cycles of freeze /thaw or 
wet /dry. Axial stress-strain behavior was used to determine the influence of exposure conditions on the confined 
specimens. Durability tests illustrated that CFPT-FRP specimen with carbon fiber performed quite well under the 
severe exposure conditions. However, the CFPT-FRP with glass fiber and CFPT-FRP with aramid fibers showed 
reductions in both strength and ductility.  

Whereas PVC is an ideal material for the composite system, it is not only economical but also has good 
durability and requires less construction time. The PVC tubes protect the concrete core and avoid the erosion of 
the chloride environment. The composite materials could play a vital role in improving the service life of 
infrastructure systems [11].  

 
6. Discussion  
 
6.1 Durability results 

In a wide research program, PVC tubes confined laterally with a very modest volume of FRP were used in order 
to achieve more durable and economic structures [20]. Test variables included the type of fiber, the spacing 
between the FRP hoops, and the volume of fiber.The percentage of strength deterioration after zero cyclesfcu(0), 
200 fcu(200) and fcu(400) 400 cycles of freeze/thaw or wet/dry is shown Table 1. Also the percentage of improvement 
(positive sign) or reduction (minus sign) in the ultimate strength and strain of PVC-FRP columns after exposure 
to aggressive environments (freeze/thaw and wet/dry cycles) is also summarized in Table 1. Strength (fcu) and 
strain (εcu) values for minimum hoop spacing of 30mm and maximum spacing of 78mm for three types of fiber; 
carbon (C), aramid (A), and glass (G) were taken from the results reported [20]. Even after strength degradation, 
the strength ratio (ff/fc) of all PVC-FRP specimens after 200 and 400 cycles (underlined bold values in Table 1, 
(1.15, 1.2) for freeze and thaw cycles and (2.05, 1.7) for wet/dry cycles were still higher than 33.00 for plain 
concrete control specimens; the underlined values show the maximum percentage of reduction in strength after 
200 (-8.9,) , (-7) and 400 ( -16.2) (-15)  cycles for both freeze/thaw and wet/dry tests. The deteriorations in strain 
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of CFPT-FRP specimens are also shown in Table 1. As it can be seen from the above discussion the water resistant 
plastic tube plays vital role in the protection of CFPT-FRP columns since the FRP was partially wrapped and that 
meant the deleterious materials in the water can penetrate into the concrete core through the space between FRP 
hoops had the plastic tube was not used. 

The strain ratio of confined to the unconfined specimen (εcuf/εcuc) is shown in the last column of Table 1 for the 
three types of fibers. Underlined (1.67, 1.67) and (0.7, 0.94) values are for maximum and minimum values of 
εcuf/εcuc after either freeze/thaw or wet/dry tests. The PVC tube was effective in protecting the concrete core and 
reducing the effect of exposure since the fiber was partially applied. However, the performance of the specimen 
was dependent on the type of fiber, hoop spacing (s), and type of exposure, with carbon fiber showing better 
resistance to severe environmental conditions. Critical reduction in ductility was observed for specimens with 
aramid fiber (0.7, which is less than 1 for plain concrete) due to deterioration in the fiber-matrix interface, which 
reduces its ductility and protection capacity. Specimens confined with PVC-FRP with carbon fibers showed better 
mechanical performance compared with the other two types of fibers. CFRP Specimens with strip spacing of 
78mm showed similar performance to the other two types of fibers with 48mm spacing. Hence, the choice is a 
trade-off between the increase in material cost and better mechanical performance. 
 

Table 1. Durability test results of PVC-FRP confined concrete 
Ref. specim

en 
fcu(0) 
MPa 

fcu(200) 
(%) 

fcu(400) 
MPa 

ff/ 
fc= 

εcu(0) 
(%) 

εcu(200) 
(%) 

εcu(400) 
(%) 

εcuf/ 
εcuc= 

Toutanji and 
Saafi [20] 
Freeze/thaw 
cycles 

plain 33.00 3 -3 - 0.30 33 -3.3  
As30 72.63 1.3 -2.7  1.26 13.5 -50.8  
As78 44.12 -2.5 -16.2 1.15 0.63 -55.6 -14.3 0.94 
Gs30 66.25 -4 -10.6  1.81 -10.5 -48.6  
Gs78 43.50 -8.9 -8 1.2 0.30 133 -20  
Cs30 96.00 9.4 2.6  1.10 -0.9 -6  
Cs78 60.00 9.2 3.5  1.18 -17.8 -57.6 1.67 

Wet/dry 
cycles 

plain 33.00 3 9  0.30 23 16.7  
As30 72.63 -7 -11.5 2.05 1.26 -8.7 -52  
As78 44.12 -2 -11.4  0.63 -28.6 -66.7 0.7 
Gs30 66.25 -3.2 -15 1.7 1.81 -13 -72 1.67 
Gs78 43.50 -3 -8  0.30 23 -26.7  
Cs30 96.00 1.1 2  1.10 -12.7 -32  
Cs78 60.00 -0.4 10.4  1.18 -3.3 -69.5  

 
Table 2. Experimental results for PVC-FRP confined concrete and the percentage of reduction in axial strength 
and strain due to increase in hoop spacing 

Ref. specimen h/D 
mm 

fcuMPa fcu-fco/fco % 
Redu. 

εcu-εco/εco % 
Redu 

εl (%) 

Toutanji and 
Saafi [20] 

As30 3 72.63 1.20  5.3  1.27 
As78 3 44.12 0.30 75 1.6 70 0.90 
Gs30 3 66.25 1.00  8.1  1.70 
Gs78 3 43.50 0.32 68 0.5 94 0.50 
Cs30 3 96.00 1.90  4.5  1.10 
Cs78 3 60.00 0.82 57 5.1 +13 1.18 

Yu[40] 
*=εcu/εco D 

SFρ-0.34 2.5  1.03  7.8*  1.22 
SFρ-0.21 2.5  0.42 59 6.3* 19 1.26 

Niu et al. [39] E20Cs20   0.7     
E20Cs60   0.15 79    

 E40Cs20   0.47     
E40Cs60   0.07 85    

Jiang et al. 
[25] 
 

C30N2M3 3 1669.9      
C30N2M5 5 1540.7  7.7    
C30N2M7 7 1413.9  15.3    
C30N2M9 9 1016.5  39.1    

E=steel reinforced 
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6.2 Ultimate strength  
Test results of ultimate strength fcu and strainεcu for CFPT-FRP columns from previous works are shown in 

Table 2. The ultimate strength and strain decreased with an increase in hoop spacing, and the percentage of 
reduction is calculated and is shown in Table 2. For example increasing the hoop spacing from 38mmAs30 to 
78mm As78 resulted in 75% reduction in strength of PVC-FRP column, whereas the same reduction was 70% for 
strain. One specimen experienced increase in strain (13%) as the hoop spacing was increased from Cs30 to Cs78. 

Generally, the ultimate strength of the specimen was improved by a minimum of 32% (43.5-33/33=0.32) for 
specimen with Gs78 and a maximum of 190% (96-33/33=1.9) for specimen with Cs30 when the external PVC-
FRP shell used to confine concrete. The improvement in axial strain ratio ranged from zero for specimen with 
Gs78 to five folds for specimen with Gs30. For CFPT-FRP steel-reinforced columns, the percentage of reduction 
was higher. Some studies have reported that CFPT-FRP columns had increased the ultimate strength and strain of 
concrete by 3 [37] and 15 [25] times, respectively. The bearing capacity of the PVC-FRP column is the sum of the 
strength capacity of two thin-walled sections (PVC tube and FRP-matrix) and concrete core. However, the 
confining pressure due to the PVC tube was neglected by most models because of its low stiffness. The strength 
of the PVC tube in the longitudinal direction is the strength of the CFPT-FRP composite member.Several models 
have been developed for predicting the strength of concrete filled plastic tube externally strengthened with fibers. 
Table 3 shows the predictions of axial compression strength of PVC-FRP confined concrete according to each 
reference with internal steel reinforcement (underlined values) and without. 

 
Table 3. Comparison between experimental and predicted axial compression results of PVC-FRP confined 
concrete according to each reference 

Reference Specimen fcu,Ex 
MPa 

fcu,Pr 
MPa 

fcu,Pr/ 
fcu,Ex 

εcu,Ex εcu,Pr 
 

εcu,Pr/ 
εcu,Ex 

Toutanji and 
Saafi [20] 

As30 72.63 75.71 1.04 1.26 1.36 1.08 
As78 44.12 40.91 0.93 0.63 0.64 1.02 
Gs30 66.25 63.67 0.96 1.81 1.93 1.07 
Gs78 43.50 -  0.3 -  
Cs30 96.00 100.9 1.05 1.1 1.04 0.95 
Cs78 60.00 59.31 0.99 1.21 1.14 0.94 

Yu and Niu [23] 
JPS* 

A-Cs20-1 1812.4 1872.24 1.03 0.0162 0.0175 1.08 
A-Cs20-2 1756.8 1872.24 1.07 0.0182 0.0175 0.96 
A-Cs60-1 1260.11 1220.1 0.97 0.0132 0.0132 1.00 
A-Cs60-2 1327.2 1220 0.92 0.0126 0.0132 1.05 

Yu and Niu 
[41] JBS 

A-Cs20 1784 1752.6 0.98 0.0162 - - 
A-Cs60 1294.2 1162.9 0.9 0.0144 - - 
AR-Cs20 2043 2173.2 1.06 0.0199 - - 
AR-Cs60 1600 1442.0 0.9 0.0146 - - 

Fakharifar 
and Chen [26] 

1C#1 66.5 - - 0.90 - - 
3C#1 86.0 - - 1.38 - - 
1G#1 59.0 - - 1.42 - - 
1G#foam 47.9   0.73 - - 

Yu et al. 
[42] 
Jiang et al.[25] 

A-Cs20 56.8 52.1 0.92 0.0172 0.0171 1 
A-Cs60 40.1 37.5 0.94 0.0192 0.0118 0.62 
ZD-1 39.25 38.77 0.99    
ZD-2 40.55 41.97 1.04    
ZD-3 42.85 45.17 1.05    
ZD-4 47.75 48.37 1.01    

Yu et al.[43] JC20n11 85.77 82.27 0.96 37.36 29.78 0.8 
JC20n21 133.5 120.3 0.9 4 4.78 1.2 
JC60n11 83.8 65.92 0.79 31.9 31.23 0.98 
JC60n21 104.8 93.96 0.9 19.4 17.04 0.88 
JC20n12 56.93 57.71 1.01 44.76 44.7 1 
JC20n22 82.77 95.75 1.16 19.93 24.52 1.23 
JC60n12 51.42 51.35 1 54.9 52.15 0.95 
JC60n22 67.41 69.4 1.03 39.79 31.97 0.8 

Yu et al. [44] E20Cs20 1833 1811.4 0.99    
E20Cs60 1314.3 1398.7 1.06    
E40Cs20 1372.3 1342.2 0.98    
E40Cs60 1092.9 1042.5 0.95    
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6.3 Flexural members  
The absence of yield and plasticity in FRP materials used in CFPT-FRP members subjected to flexural loads 

can be partially compensated by the flexibility of the PVC tube. The polymeric plastic tube can play a role in the 
final failure mode of the member due to its excessive deformability, which is a warning sign of the impending 
failure [9]. The ability of the composite member to absorb energy when loaded in the lateral direction is of 
considerable importance when considering its short and long-term mechanical behavior. To systematically assess 
the behavior of CFPT-FRP specimens, the flexura1 behavior of five CFPT-FRP circular tubular members were 
evaluated [36]. One specimen was confined with carbon fiber and the remaining four with basalt fiber, which is 
much cheaper than carbon fiber. Additionally, one specimen was confined by PVC only. The tested specimens, 
200 mm in diameter and 1500 mm in length, were reinforced with six longitudinal steel bars and 6mm stirrups at 
120mmc/c. Design parameters such as failure modes, ultimate bending capacity, and stress-strain relations were 
considered. Using CFRP and BFRP, the bending capacity and ductility were enhanced. The reinforcement effect 
in CFRP (237.35%) was better than that in BFRP (68.67- 195.18%). A formula was proposed for predicting the 
theoretical bending capacity.  

In a similar study, the flexural behaviors of CFPT-FRP specimens were examined [38]. The main parameters 
of the test included the types and layers of FRP. A procedure code was developed for the finite element analysis. 
Based on the experimental results, it was verified that the simulation results obtained from the proposed model 
were in good agreement with the obtained experimental results. However, the confining effect in CFRP was better 
than that in BFRP. In their latest work, Fakharifar and Chen [39] have elaborated on a new ductile design concept 
for the new hybrid column, introduced in an earlier paper by the authors. Results illustrated that the 152 by 
1524mm flexural beams tested under four-point loading had significantly enhanced ductility due to the presence 
of the compressible Foam, which acts as an energy dissipation medium. The interface property between the FRP 
and PVC was proved to be critical in the composite column design. Table 4 summarizes the flexural test results of 
CFPT-FRP confined concrete from previous research. Peak values for strength (Ppeak), moment (Mpeak), and 
displacement (Δpeak) and corresponding ultimate (Pult), moment (Mult), and displacement values (Δult) are shown for 
some of the measured properties to be dependent on fiber type, volume, and spacing.  
 

Table 4. Flexural test results of PVC-FRP confined concrete 
Reference specimen Ppeak 

 KN 
MpeakKNm Δpeak 

mm 
Pult 
KN 

Δult 
mm 

PuEx/ 
PuPr 

Fak [38] CCFPT1 35.9 7.3 14.8    
CFoam2 78.6 16 79.3 62.9 111.7  
CCFPT3 169.6 34.5 30.6    

Niu et al. [39] E20Cs20  58.36 4.52    
E20Cs60  51.36 5.25    
E4Cs20  84.62 6.00    
E4Cs60  59.81 5.72    

Yu et al. [44] E20Cs20  47.4     
E20Cs60  33.53     
E40Cs20  62.3     
E40Cs60  44.85     

Wu et al. 
[43] 

Z2H0-B  36.75  210 38.44 1.03 
Z3H0-B  28  160 18.52 - 
Z2H2-B  45.5  260 40.55 1.05 
Z3H3-B  49  280 43.47 1.00 
Z2H2-C  56  320 62.68 0.99 

Ma et al.[37] Z2H0-B      1.041 
Z3H0-B      - 
Z2H2-B      1.021 
Z3H3-B      0.991 
Z2H2-C      0.921 

1 means Mu/Mc ratio 
 
7. Conclusions  

 
The durability of CFPT externally strengthened with fiber-reinforced polymers reviewed in the current study. 

The following conclusions are drawn:  
1)There is a general consensus among the researches that PVC tubular has the potential to encase concrete 

efficiently and enhance both the load capacity and ductility and improve energy absorbing capacity of resulting 
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PVC-concrete composite member.  
2) One shortcoming of the PVC tube is its low stiffness. The current review shows that the characteristic of the 

PVC tube is greatly enhanced when it is externally wrapped with FRP straps.  
3) The lack of ductility in FRP composite materials can be compensated by ductile polymer PVC tubes, which 

exhibit considerable elongation at breaking.  
4) The new composite system for construction combines the stiffness of FRP and the ductility of PVC tubular. 

CFPT-FRP columns show considerable capacity to deform plastically and dissipate internal strain energy under 
the applied loads.  

5)The current study established that the use of PVC-FRP enables the structure to carry more load than it was 
designed for because the contribution of PVC tube, especially its load-carrying capacity in the axial direction, is 
usually not counted for by most of the strength models. This would be beneficial when the capacity of the column 
needs to be increased due to increased vertical loads. 

6) Future research is much needed on the PVC tube material technology to extend their application range to 
include noncircular cross-sectional members. 

An awareness of environmental influence and sensitivity has been one of the focuses of the current study with 
emphasis on the practical application of technical knowledge in civil engineering applications and the extensive 
use of composite materials for the development of an understanding of engineering behavior of such systems. As 
experience and comfort with the material grow, the requirements on the technical content will get higher and will 
be helpful in advancing the state of practice. 
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