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 The behavior of slender columns under axial load is more critical than short columns due to 
the elastic instability. In the structural design of composite members, determining the 
column capacity under axial load is essential when considering the length effect. Composite 
members like concrete-filled uPVC tubes (uPVCC) capture attention when ductility is the 
primary objective due to its significant elongation at failure 42% compared to less than three 
percent for super-advanced materials such as fiber-reinforced polymers (FRP). In the present 
study, six short and slender concrete-filled uPVC specimens (uPVCC) were tested under axial 
compression load. For comparison purpose, a similar number of specimens were tested 
without the plastic tube. Test results show that the plastic tube offers considerable 
confinement to the concrete and enhances the deformation capacity of the composite 
member by changing the failure mode from brittle to ductile. The columns without the plastic 
tube were more influenced by the slenderness ratio, undergoing 43-46% reduction in 
strength compared with 17-21% for the uPVCC. In order to evaluate the strength of the 
specimens a database of 128 data, short and slender plain and uPVCC specimens, was 
assembled and combined with present twelve test results were employed to develop simple 
equations for predicting the capacity of plain and uPVCC columns. Another thirty-two-test 
data from published literature were used to check the validity of the strength equations. 
Based on statistical indexes, the derived equations showed good performance with 
acceptable accuracy in predicting the strength of slender columns with and without the 
uPVC tube. 

 

1. Introduction 

Strengthening concrete in the transverse direction in concrete 
compression concrete columns can improve its mechanical 
characteristics including strength and displacement ductility. Several 
materials have been reported to be useful for such objective, including 
steel tie [1, 2], steel links combined with concrete incorporating steel 
fibers [3, 4]. A large number of research work has been conducted on 
the compression behavior of concrete composite with tubular steel [5, 
6, 7] or fiber-reinforced polymer either (FRP) either by wrapping or 
encasing the concrete core [8, 9, 10]. FRP technique is widely employed 
for confining concrete and incrementing the strength and improving 
the ductility. However, such advanced materials are costly in terms of 
production, application, and labor.  

Other alternatives techniques need to be researched. Another 
technique for strengthening concrete with the potential to improve 
the mechanical properties including strength and  

 

displacement ductility is the un-plasticized Polyvinyl chloride (uPVC) 
tube. The plastic tube (PT) is not a replacement for FRP due to its much 
lower modulus of elasticity but might be acceptable for resisting loads 
in lightly loaded buildings.  The polymeric tube has good mechanical 
strength and flexibility, and highly resistant to aggressive 
environments. The PT also provides the temporary and permanent 
form for the concrete and steel reinforcement [11].  

In an experimental work [12], it was reported that the strength of short 
uPVCC increased by 3.3 times the burst pressure of the PT. The 
polymeric tube provides noticeable resistance to the lateral 
deformation and cracking of concrete core. Further enhancement in 
the strength of tested short uPVCC was observed when the PT was 
stiffened with FRP strips forming the PVC-FRP composite [13]. Good 
durability performance of PVC-FRP-confined concrete specimens was 
reported [14,15]. Several studies elaborated on the stress-strain 
behavior of PVC-FRP confined concrete columns in both axial and 
lateral directions [16, 17]. The PT is a polymer manufactured from 
petroleum, where intermolecular attractions [18] between atoms 
results in improved overall stiffness, tensile strength, and elastic 
modulus compared to other plastics. The tube has a high strength to 
weight ratio; its specific weight is one-fifth that of steel tube, and the 
yield strength (fy=50MPa) is approximately 1/5 of mild steel 
(fy=240MPa). Furthermore, the tube is easy to handle, can be cut, 
grinded, and glued. The stay-in-place plastic tube might replace the 
steel mold in compression members such as piles and piers resulting 
in lower costs and duration of the casting. It could be the core of a 
pilaster for the aesthetical purposes for residential houses and small 
buildings. The tube has good durability; experimental investigations 
have shown that nine months of exposure in harsh weathering 
conditions such as those encountered in the gulf region had a limited 
effect on the tensile strength and modulus of elasticity of the material 
[19].  

The objective of the present study is to ascertain the influence of PT 
on ductility and the strength of concrete by executing compression 
axial tests on uPVCC specimens with the ratio of the cross-sectional 
area of tube to concrete (Ap /Ac) ranging from 20.2 to 24%, respectively. 
Furthermore, to develop simple equations with instability reduction 
factors for predicting the strength of slender uPVCC columns. 
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2. Specimen preparation  

Ordinary Portland cement similar to Type I Portland cement (ASTM) 
(C150-89) with a specific gravity of 3.15 was used for binding the 
concrete ingredients. The fine aggregate was river sand from the Eski-
kalak region with a specific gravity of 2.6. The coarse aggregate was 
from the same source with a maximum specific gravity of 2.65, but it 
was crushed with a 20mm maximum aggregate size. PT with overall 
diameters of 90, 100, and 110mm, respectively, were cut into one-
meter height using carpentry machine, and the ends were grinded. 
Rods were cut from PT and were used for tensile testing, as recorded 
in Table 1. The tubes were used as permanent formwork for slender 
uPVCC specimens. The same procedure was repeated for the 
corresponding short uPVCC samples with a height/diameter (H/D) 
ratio of two.  

For slender plain concrete columns, three PT tubes were cut along 
their lengths into two equal parts to be used as a form for casting the 
specimens without the tube. Each two parts were lightly oiled and 
assembled according to the diameter. The longitudinal joints were 
sealed with a waterproof plaster band to prevent the leakage of fine 
material from the concrete core. The assembled PT molds were tied 
laterally at the top, center, and bottom parts, respectively, using first 
plaster band followed by metal wires. To prevent curvature and 
displacement during the casting, the slender tubes and the slender 
assembled tubes were placed in a horizontal timber box resting on a 
large vibrating steel table ready for casting. The concrete ingredients 
were batched by weight and a rotary drum concrete mixer with a 
capacity of 0.07m3 was used for mixing the ingredients. For all the 
specimens, a concrete mix of 1:2:3, and a water/cement ratio (w/c) of 
0.5 was used to achieve a target compressive strength of 36 N/mm2.  

A portion of mixing tap water was added to the mixer with half of the 
fine and coarse aggregate, followed by the half of cement and mixed. 
The mixer was stopped after 3 minutes of mixing and further mixed 
for another 3 minutes after adding the second portion of the concrete 
ingredients. The slender columns were cast vertically in 
approximately three equal layers. Whereas the short specimens were 
cast in two layers. For all the cast specimens, each layer was vibrated 
for 40 seconds. The finished surfaces were troweled and covered with 
plastic sheets. After 24 hours of casting, the short specimens were 
placed in a water tank for 28 days. The slender columns were covered 
with wet burlaps and moist cured for 28 days. At the end of the curing 
period, all the specimens were removed and left to dry in the open air 
at a temperature of 43oC and 50 percent relative humidity for another 
28 days. These curing conditions were simulating the hot summer 
climates, such as those of the Middle East.  

3. Test set up 

The columns were tested under uniaxial compression load, Fig.1. The 
specimens were capped at the upper end using a special powder made 
slurry by mixing it with tap water to eliminate premature failure due 
to uneven distribution of the load. The columns were held vertical in 
the testing machine and vertically aligned to ensure that the load was 
pure axial load. Two measuring gages were fixed at mid height of 
slender columns to measure the lateral displacement. Another two 
measuring gages were fixed at the upper end of the specimen to 
monitor the axial deformation of the columns, as shown in Fig.1. The 
load was applied gradually at an average rate of 0.4kN/sec up to 
maximum load. For the falling branch, the loading was applied using 
displacement control at a constant rate of 0.15 mm/min. 
 

4. Results and discussions 

4.1. Cracking and failure mode 

The failure mode was dependent on the stiffness of the column. All 
the tested slender columns failed in flexural beam mode with 
buckling at the mid-height of the composite column. The similar 
failure was not expected for the slender plain concrete columns which 
failed at peak load and crushed into several parts. The uPVCC columns 
exhibited an assertive ductile behavior, a smooth transition from 

elastic to plastic action with gradual loss in strength, and showing no 
signs of crack, rupture, and split, or tearing. The failure was due to the 
yield of the reinforcing PT on the tension side and the subsequent 
strain hardening on the compression side, global buckling due to loss 
of tangential surface contacts. The failure of the composite columns 
manifested itself in terms of color change, from gray to whitish, in the 
plastic tube at the locations of local buckling. On contrast the stub 
columns failed in pure compression showing no plastic deformations.  

 

Figure 1. Slender uPVCC composite columns under uni-axial 
compression load 

 
4.2. Strength  

Specimen confined with PT increased the compression strength of 
uPVCC specimens by more than 50%, Table 1, and the lateral deflection 
of bare concrete by several folds compared with specimens without 
the confining tube. The PT and the concrete were compatible. As a 
result, there was no de-bonding between the two apart from a few 
local buckling at the maximum attainable deflection at half-height of 
the specimen, i.e., there was no premature failure of the tube. The 
composite column combines the mechanical strength and the rigidity 
of concrete with the flexibility and durability of the external plastic 
reinforcement, represented by the PT. The expansion of concrete core 
due to increased axial compressive strain (Poisson's effect) sets up 
tensile hoop stresses in the PT. This counteracted by the compressive 
confining stresses induced on the concrete core by the plastic tube. 
Hence, hindering the crack propagation, material disintegration, and 
stiffness loss. 

5. Analytical investigation 

5.1. Experimental database 

In order to assess the capacity of uPVCC specimens under a uniaxial 
compression load, the test results reported in the previous studies on 
slender uPVCC were reviewed and a database was compiled from the 
available literature covering the papers [20-28]. The database 
comprised of 128 test data for both short and slender plain and 
composite specimens. The established database combined with the 
twelve test data of the present study were employed to develop simple 
equations for predicting the capacity of plain and uPVCC composite 
columns. Another thirty-two-test data from published literature [29] 
were used to check the validity of the strength equations for both 
plain and composite columns, Table 2. All the details of the present 
study results and the compiled two databases for deriving the simple 
strength equations and for checking the validity of these equations 
are summarized in Tables 1 and 2, where tp refers to the thickness of 
PT; D represents the extrenal diameter of the tube; H signifies the 
overall height of PT;fyp is the tensile yield strength of PT;r equals the 
radius of gyration, taken as 0.25D for the circular sections;k is an 
effective length factor for the compression membe; kH/r equals to the 
slwenderness ratio.  
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Table 1. Database of experimental results 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source of data Specimens tp 
(mm) 

D 
(mm) 

H 
(mm) 

𝑯𝑯
𝑫𝑫

 

 

fyp 
(MPa) 

𝑯𝑯
𝒓𝒓

 
kH/r 

[20] 35 5 110 440 4 50 15.8 8 
[21] 2-1 5 110 1100 10 49.2 39.4 32 

2-4 5 110 1000 9.09 49.2 35.8 29.1 
2-5 4.5 90 1000 11.1 49.2 43.7 35.6 
2-8 4 75 1100 14.7 49.2 57.7 46.9 

[22] CT-A1 3.8 110 200 1.82 40 7.19 3.6 
[23]  1-10s 4 75 150 2 40.53 7.86 4 

1-11s 4.5 90 180 2 40.53 7.86 4 
1-13s 5 110 220 2 40.53 7.88 4 
1-1. 5 110 1200 10.9 40.53 43 34.91 
1-2. 6.5 90 1200 13.3 40.53 52 42.7 
1-3. 4.5 90 1200 13.3 40.53 52.4 42.7 
1-4. 5 110 1100 10 40.53 39.4 32 
1-5. 5 110 1000 9.09 40.53 35.8 29.1 
1-6. 4 75 1000 13.3 40.53 52.4 42.7 
1-7. 4.5 90 1000 11.1 40.53 43.7 35.6 
1-8. 5 110 900 8.18 40.53 32.2 26.2 
1-9. 4 75 750 10 40.53 39.3 32 

[24] C-OJT 
1-1 

3.6 110 200 1.82 40 7.19 3.64 

[25] B2-4 4 75 1000 13.3 40.5 52.4 42.7 
[26] CT-K2 3.8 102 200 1.96 40 7.16 3.92 
[27] A-0-1 3.9 110 220 2 40.5 7.9 4 
[28]  
  
  

A41 3 101.6 210 2.07 37 8.77 4.104 
A42 3 101.6 210 2.07 37 7.88 4.104 
A43 3 101.6 210 2.07 37 7.15 4.104 
A31 3 101.6 410 4.04 37 43.8 8.009 
A32 3 101.6 410 4.04 37 39.4 8.009 
A33 3 101.6 410 4.04 37 35.8 8.009 
A21 3 101.6 810 7.97 37 8.21 15.81 
A22 3 101.6 810 7.97 37 8.21 15.81 
A23 3 101.6 810 7.97 37 8.21 15.81 
A11 3 101.6 1210 11.9 37 16 23.6 
A12 3 101.6 1210 11.9 37 16 23.6 
A13 3 101.6 1210 11.9 37 16 23.61 
A71 2 76.2 410 5.38 37 31.6 10.67 
A72 2 76.2 410 5.38 37 31.6 10.67 
A73 2 76.2 410 5.38 37 31.6 10.67 
A61 2 76.2 810 10.6 37 47.2 21.08 
A62 2 76.2 810 10.6 37 47.2 21.08 
A63 2 76.2 810 10.6 37 47.2 21.08 
A51 2 76.2 1000 13.1 37 21.3 26 
A52 2 76.2 1000 13.1 37 21.3 26 
A53 2 76.2 1000 13.1 37 21.3 26 
B41 3 101.6 210 2.07 37 42.2 4.101 
B42 3 101.6 210 2.07 37 42.2 4.101 
B43 3 101.6 210 2.07 37 42.2 4.101 
B31 3 101.6 410 4.04 37 52 8.005 
B32 3 101.6 410 4.04 37 52 8.005 
B33 3 101.6 410 4.04 37 52 8.005 
B21 3 101.6 810 7.97 37 8.2 15.81 
B22 3 101.6 810 7.97 37 8.2 15.81 
B23 3 101.6 810 7.97 37 8.2 15.81 
B11 3 100.6 1210 12 37 16 23.85 
B12 3 101.6 1210 11.9 37 16 23.61 
B13 3 101.6 1210 11.9 37 16 23.61 
B71 2 76.2 400 5.25 37 31.6 10.42 
B72 2 76.2 400 5.25 37 31.6 10.42 
B73 2 76.2 400 5.25 37 31.6 10.42 
B61 2 76.2 810 10.6 37 47.7 21.1 
B62 2 76.2 810 10.6 37 47.2 21.1 
B63 2 76.2 810 10.6 37 47.2 21.1 
B51 2 76.2 1000 13.1 37 20.8 26.03 
B52 2 76.2 1000 13.1 37 20.8 26.03 
B53 2 76.2 1000 13.1 37 20.8 26.03 

Present study s-P-4 4 90 200 2.22 47.2 8.77 4.385 
s-P-5 5 100 200 2 47.2 7.88 3.939 
s-P-6 6 110 200 1.82 47.2 7.15 3.576 
L-P-4 4 90 1000 11.1 47.2 43.8 35.08 
L-p-5 5 100 1000 10 47.2 39.4 31.51 
L-P-6 6 110 1000 9.09 47.2 35.8  
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Table 2. Data from [29] 

Source 
of 

data 

Specimens tp 
(mm) 

Dpex 
(mm) 

H 
(mm) 

fyp 
(MPa) 

H/r 𝐾𝐾𝐾𝐾
𝑟𝑟

 

[29] 400A1 3.2 110 400 49.6 14.44 7.22 
600A1 3.2 110 600 49.6 21.66 10.83 
800A1 3.2 110 800 49.6 28.88 14.44 
1000A1 3.2 110 1000 49.6 36.11 18.05 
400B1 5.3 110 400 49.6 14.37 7.18 
600B1 5.3 110 600 49.6 21.56 10.78 
800B1 5.3 110 800 49.6 28.75 14.37 
1000B1 5.3 110 1000 49.6 35.94 17.97 
400A2 3.2 110 400 49.6 14.46 7.23 
600A2 3.2 110 600 49.6 21.70 10.85 
800A2 3.2 110 800 49.6 28.93 14.46 
1000A2 3.2 110 1000 49.6 36.16 18.08 
400B2 5.3 110 400 49.6 14.41 7.20 
600B2 5.3 110 600 49.6 21.62 10.81 
800B2 5.3 110 800 49.6 28.83 14.41 
1000B2 5.3 110 1000 49.6 36.04 18.02 

 

5.2. Strength equations

The length effect influences the load resistance of both slender plain 
and composite columns, and it has to be reduced by an appropriate 
reduction factor. Analytical analysis was carried out to determine the 
relationship between the strength capacity and the length effect, 
expressed by H/D, h/r, and KL/r ratios, for the specimens tested in the 
present study and those compiled from the database, Table 1. The 
ultimate loads were normalized relative to the specimens with H/D 
ratio of 2. Using Table 1, the normalized strengths were regressed and 
two equations were derived,  Eqs. (1) and (2), for assessing the axial 
bearing capacity of slender plain and composite columns when 
designed as an equivalent short column using the reduction factor (K), 
for the slenderness ratios within the range 12≤ h/r ≤60. For plain 
concrete columns, the reduction factor (K1), see (Fig 2), was expressed 
by equation one as follows: 

K1=1.14- 0.014 (h/r) +6.893x10-5 (h/r) 2+1.944x10-8(h/r) 
3 

Eq.(1) 

 

Figure2. K (Reduction factor) versus h/r ratio for plain concrete 
specimens 

Eq. (1)   has standard error of the estimate=0.05 and R2= 0.924. 

Reduction factor (K2) for uPVCC columns, see (Fig.3), was determined 
to be: 

K2=1.084- 0.008 (h/r) -1.820x10-5(h/r) 2 +8.004x10-8 (h/r) 3                   
Eq.(2) 

 

 

Figure 3. K (Reduction factor) versus h/r ratio for CFPT specimens 

Eq. (2) yielded standard error of the estimate of 0.04 and R2= 0.924. The 
strength of uPVCC columns was re-valuated by replacing h/r by kh/r 
in Eq. (2) and equation three was obtained and expressed by: 

K3=1.084-0.008 (kh/r)-1.820x10-5(kh/r) 2 +8.004x10-8 
(kh/r) 3 

Eq.(3)  

Eqs. (4) and (5) were developed to estimate the axial compression 
capacity of slender columns when the slenderness ratio is within the 
range 4<H/D>16. For slender plain concrete columns with no plastic 
tube, from, Fig 4:  

P/Po=1.074- 0.051 (H/D) + 0.002 (H/D) 2-8.882x10- 5 

(H/D) 3 
Eq.(4)  



Abdulla Brilliant Engineering 3 (2022) 4593 
 

  5 

 
 

 

Figure 4. Relative axial load versus H/D ratio for plain concrete 
specimens 

Where P is the strength of slender plain or composite columns, and Po 
is the corresponding strength of the short column. Eq. (5) for uPVCC 
columns, Fig 5, with the standard error of the estimate=0.04 and R2= 
0.933, given by: 

P/Po=0.85[1.059- 0.039 (H/D) + 0.002 (H/D) 2]  Eq.(5)  

 

Figure 5. Relative axial load versus H/D ratio for CFPT specimens 

The bearing capacity of the plain concrete column can 
be expressed by: 

Pc= fʹc. Ac                        

 

Eq.(6)  

The K1 is inserted in Eq. (6) to calculate the ultimate strength of 
slender concrete-only columns as follows: 

N= K1 [fʹc. Ac]  Eq.(7)  

Eqs. 8-16 are for the ultimate axial load capacity of the uPVCC 
composed column. The ultimate strength of the slender uPVCC 
columns calculated from:  

P= K2 [Po]   Eq.(8) 

where K is a reduction factor which is equal to one or less than one. 
The pressure on the material at any hoop stress is calculated from:  

p= σ. 2te/ (D-te)  Eq.(9) 

Eq. (10) for lateral confinement effect: 

σcc/σ′c0 >1              

 

Eq.(10) 

The strength enhancement ratio fcc
fco

 calculated from [27]:  

𝑓𝑓𝑐𝑐𝑐𝑐
𝑓𝑓𝑐𝑐𝑐𝑐

= 0.72 + 1.5𝜂𝜂𝑃𝑃𝜉𝜉𝑃𝑃 
Eq.(11) 

𝜂𝜂𝑃𝑃 = 2.5. �1 −
5𝑡𝑡
𝐷𝐷𝑒𝑒𝑒𝑒

� 
Eq.(12) 

𝜉𝜉𝑃𝑃 = �
𝑓𝑓𝑦𝑦𝑃𝑃𝐴𝐴𝑃𝑃
𝑓𝑓𝑐𝑐𝑐𝑐 𝐴𝐴𝑐𝑐

� 
Eq.(13) 

Eq.(14) for calculating the geometry of tube: 

Pp=π/4. (D12-D22).fp          Eq.(14) 

Ig= π/64. D4        Eq. (15) 

r= (√Ig/Ac) = 0.25D Eq. (16) 

5.3. Statistical indexes.  

The statistical indicators used to evaluate the performance of 
strength equations included the following: the average absolute 
relative error (AAE), Normalized root-mean-square error (NRMSE), and 
coefficient of correlation (R2):  

AAE=
∑ �𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚.𝑖𝑖−𝑚𝑚𝑒𝑒𝑒𝑒.𝑖𝑖

𝑚𝑚𝑒𝑒𝑒𝑒.𝑖𝑖 �𝑁𝑁
𝑖𝑖=1

𝑁𝑁
  

NRMSE=
�∑ (𝑚𝑚𝑒𝑒𝑒𝑒.𝑖𝑖−𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚.𝑖𝑖)2𝑁𝑁

𝑖𝑖=1
𝑁𝑁

∑ 𝑒𝑒𝑒𝑒𝑒𝑒.𝑖𝑖𝑁𝑁
𝑖𝑖=1

 
 

Where (model.i)=the model prediction; (exp.i)= the experimental result; 
and the total number of data is expressed by N. Small values of AAE's 
and NRMSE signifies small error between the predicted and the 
experimental results [28, 29].  

5.4. Predicted test data 

The predicted slender/stub strength ratios (pl/ps) using models 1 and 
2 for plain specimens, Eq. (1), and (4), were plotted versus the 
experimental pl/ps ratios in Figs. 6 (a) and (b), respectively.  Based on 
statistical indexes, the derived equations showed good performance 
with acceptable accuracy in predicting the strength of slender plain 
concrete columns. The AAE and RMSE values were 6.84% and 0.043 
using Eq. (1) with reduction factor K1. Similar amounts of errors, 7.34% 
and 0.043, were obtained using Eq. (2), based on the assembled 
database for concrete only specimens. Fig.7 shows the predicted-
experimental (pl/ps) ratio for uPVCC specimens, Eqs. (2) and (3), using 
reduction factor K2 with H/r model 1-a Eq(.2), and k3 with kh/r 
(Eq.(3)model 1-b. When the end effect k was eliminated from the 
reduction factor K3 in Eq. (3), the AA error was reduced from 10.35% to 
6.92%. A similar reduction in the second statistical indicator was 
observed where the value was reduced from 0.059 to 0.044, Fig.7 (b). 
When using the Eq. (5), model 2 for uPVCC, Fig. (8), the AA error was 
augmented to 14.38%. 

5.5. Validation of the strength equations 

In order to check the validity of the derived strength equations, Eq. (7) 
for plain columns and Eqs. (8) to (16) for uPVCC composite columns 
were applied to predict the thirty-two experimental test data reported 
in [29] for both slender concrete-only and uPVCC columns. The two 
strength equations showed good performance with AAE values of 
6.14% and 7.3%, Fig. 9 (a) and (b), respectively. Similar values were 
observed for the second indicator, 0.09 and 0.074.  
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Figure 6. Predicted-experimental (pl/ps) ratio for plain specimens 
using model: (a) model plain 1, Eq.(1); (b) model plain 2, Eq.(4) 

 

 

 

 

Figure 7. Predicted-experimental (pl/ps) ratio for uPVCC specimens 
using model: (a) model 1-a, Eq.(2); (b) model 1-b, Eq.(3) 

 

Figure 8. Predicted-experimental (pl/ps) ratio for uPVCC specimens 
using Eq. (5) 
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Figure 9. Predicted-experimental (pl/ps) ratio for test data of [29]: (a) 
plain specimens, Eq.(7); (b) uPVCC specimens, Eq(8) to Eq.(16) 

6. Conclusions 

The effectiveness of strengthening of slender concrete columns with 
PT was examined. Simple equations for predicting the strength 
capacity of slender plain and uPVCC composite columns were derived 
in the present study and the following conclusions can be drawn:  

 The increase in the capacity of slender concrete columns was 
more than 50% using the polymeric tube compared with slender 
specimens with no tube. 

 The axial compression strength of the composite columns was 
influenced by the change in tube thickness. A 17% and 28% 
increase in the ultimate compression strength of the uPVCC 
composite columns was achieved when the tube thickness was 
increased from 4mm to 5 and 6mm, respectively.  

 The columns without the plastic tube were more influenced by 
the slenderness ratio, undergoing 43-46% reduction in strength 
compared with 17-21% for the uPVCC. 

 Based on a database of 140 experimental results, five strength 
equations were developed  

 for evaluating the axial compression capacity of concrete-only 
and uPVCC composite columns. 

 A proposed strength equation with a reduction factor for length 
effect was employed to predict the results reported in [29] for 
slender plain concrete columns. The strength equations showed 
good performance yielding rather small errors, 7.3% and 0.074 
based on the two statistical indexes, AAE and RMSE, respectively. 

 The strength of uPVCC composite columns reported in [29] were 
predicted using equations from the literature and one equation 
from the present study with a reduction factor for the length 
effect. A good prediction was observed with AAE and RMSE errors 
of 6.14% and 0.09, respectively. 

More experimental results are required to prove the benefits of such 
economical materials in enhancing the mechanical properties of 
concrete in-fill and improve the performance of the derived five 
simple strength equations. 
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