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ABSTRACT 

 
of the strengthening methods available for a vulnerable concrete column. 
This paper presents the compressive behaviour of nine circular concrete 

        
considered; full CFRP confinement, partial CFRP confinement, and 

         
200 mm were tested under compression load. It is discovered that full and 

 
 

concrete cylinder. With 150% strength enhancement achieved by partial 
 
 

          
which with lesser CFRP used the functionality of CFRP as strengthening 

 
to the construction industry in using lesser CFRP for more sustainable 
material approach.   
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INTRODUCTION 

A column is a structural element that supports loads from beams and slabs, 
then transferring the loads to the foundations. Failure in a column can be 
catastrophic as it can destroy the whole building. Maintaining an existing 
structure for its intended purpose for an extended period is a huge challenge 
since it can be exposed to natural disasters, environmental impacts, or 
overloading which deteriorating the structures and consequently causing 
structural failure. Therefore, strengthening and rehabilitation works are 
needed for deteriorated structures in maintaining and prolong their service 
life.

Iacobucci et al.

Further investigation by Elsayed et al. [6] and Mahdi et al.

materials in strengthening column structure.

improve the ultimate strength, the axial strain and the energy dissipation 

which indeed increasing the entire cost of the project. Thus, reducing the 

a column structure [8]. However, there is still limited information about 
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literature. Therefore, this has urged more researcher to explore more in 

aims to investigate the behaviour of cylinder concrete strengthened with a 

displacement, stress-strain relationship and failure modes of the specimens 
were evaluated.

EXPERIMENTAL PROGRAMME

Specimens

Nine circular concrete cylinders with a diameter of 100 mm and 200 
mm in diameter and height were casted and tested under axial compression. 

to evaluate the ultimate load enhancement of the concrete cylinders through 

20 mm each, as shown in Figure 1.
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The specimens were casted with ready mix concrete prepared by the 

was attached to the cylinder on top of the adhesive. The adhesive used was a 

arranged perpendicular to the longitudinal axis of the cylinder specimens. 
The specimens were placed at room temperature for seven days to dry up the 

Table 1: Mechanical Properties of the CFRP 

tensile 
strength 

Modulus of
elasticity tensile strain thickness 2

4354.7 219.0 1.77 0.167 300

Table 2: Mechanical Properties of Epoxy Resin 

tensile 
strength

Modulus 
of 

elasticity 

Elongation 
Strength 

Shearing
strength 

Bonding
Strength

Non-
volatile

content 

49 2701 2.7 97 16 5.1 99.2
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Test Setup

The cylinder specimens were subjected to compression test using 

its ultimate load capacity. Figure 2 shows the experimental setup and 

the circumference of the concrete cylinder) during compression test were 

vertically placed parallel to the cylinder length, as shown in Figure 2. Two 

the horizontal strain and vertical strain of the concrete cylinder specimen. 
Automatic data logger unit was used to record and store data of strain 

Figure 2: Experimental Setup
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RESULTS AND DISCUSSION

Load vs Displacement

The performance of concrete cylinder specimens subjected to 

the load-displacement relationship for vertical and horizontal displacement 
shown in Figure 3.

Figure 3: Load Against Displacement

load, 300% higher than the capacity of the controlled specimen that failed at 
120 kN. Table 3 shows the results summary of the experimental test, taken 
from the average results of three specimens for each condition.
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Table 3: Results Summary from the Compression Test
Conditions

load strength
Strain

Vertical Vertical

120 15 0.13 0.04 6.3x10-4 1.2 x10-4

Partially 300 38 0.69 0.60 34.7 
x10-4

19.3 x10-4

Fully 480 61 1.65 1.75 82.6x10-4 56.7 x10-4

cylinders compared to others as listed in Table 3. The vertical displacement 

large-displacement response exhibits the specimen’s endurance in absorbing 

failed at a 300 kN compressive load. That was half of the ultimate capacity 

than the control concrete cylinder, which is more than one-third of the 

concrete cylinder has the highest horizontal displacement with 1.75 mm, 



Figure 4: Stress-Strain Relationship

Most of the horizontal strains developed at the middle height of the 
concrete cylinder as it is the weakest part when encounter compression 

         
sustained by the concrete cylinder under compression to restrain the internal 
core cracking. High horizontal strain responded to high stress applied to 
indicate the endurance of the concrete cylinder to sustain high compression 

 
10  

 10

34

Compressive Stress-Strain Curve

was calculated by dividing the axial load with the cross-sectional area of 
the cylinder specimen. The positive value of the strain was assumed for 
shortening in vertical strain and expansion in horizontal strain. In Figure 

response of 82.6 x 10
cylinder with 3.5 x 10

integrity of a concrete cylinder by its capability to sustain high compression 

  

a) Stress vs vertical strain b) Stress vs horizontal strain
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cylinder with 1.2 x 10   

 
a  
act on the concrete cylinder.

Failure Modes

Besides the load-displacement relationships and stress-strain curves 
 

patterns and the failure modes of the specimens were also being observed in 
this study. Figure 5 shows pictures of concrete cylinder specimens grouped 

 
specimens categorised by its failure modes according to the fracture pattern 
seen on the pictures.

Figure 5: Fracture of the Concrete Cylinders
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The failure mode of the specimens was categorised according to the 
schematic report of typical failure pattern given in [10] and [11]. British 
Standard Institution [10] asses the compression test of cylinder specimens 
according to two types of failures; satisfactory and unsatisfactory failures. 

specimen positioning during test or testing procedure not well performed. 

of patterns by ASTM C39 [12]. The description of each type is given as 
follows:
Type 1: Cone is reasonably well-formed on both ends
Type 2: Cone is well-formed only on one end with vertical cracks existence
Type 3: Columnar pattern of vertical cracking through both ends

Type 5: Top or bottom side fractures
Type 6: Top or bottom side fractures with a pointed end

The two standards had been referred in [13] to classify the failure 

specimens subjected to compressive stress. For cylinder specimens, Hamad 

Table 4: Summary of the Mode of Failure
Types of failure 

by British 
Standard 

Institution [10]

Types of fracture 
by ASTM C39 [12]

Types of fracture 

   Unsatisfactory          Type 3 
   Unsatisfactory Type 4 Shear

Unsatisfactory Type 5 -

Satisfactory Type 1 Cone
Satisfactory Type 1 Cone
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   Unsatisfactory Type 5 -

Unsatisfactory - -
   Unsatisfactory - -

Unsatisfactory - -

after failure. All the specimens didn’t fail exactly as described in standard 

to the size used in the standard. However, most of the concrete cylinders 
experienced the same failure preference, as mentioned in [13]. Error in 
the compression test procedure that could lead to a premature failure of 
the specimens before achieving the designed compression strength is also 

Specimen 1 was failed with a Type 3, columnar fracture pattern where 

began at the mid-span and slanting down reaching the lower side edge of 

For Specimen 3, which failed with a Type 5 fracture pattern, cracks occur 
only at the side corner of the edge.

Type 1 failure where the cone was reasonably well-formed. Cracking 

cylinder.
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However, specimen three was failed unsatisfactorily with a Type 5 
fracture pattern. The side fractures occur at the left corner, as shown in 

specimen three it was the fourth strip, near the fractured area at the bottom 

on the concrete by helping it to sustain higher compressive stress.

still intact with the concrete even after failures. There was no apparent 

crack propagation and maintained the solid features of the specimens.

to the shortening of the concrete cylinder subjected to compression load. 

expansion of the concrete cylinder. This might due to larger compression 
stress experienced at that part of the area than others. The other possibility 

tensile strength.

CONCLUSION

cylinder strengthening.
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Most of the cylinder specimens were undergone an unsatisfactory type 
of failure that might result due to equipment faulty or errors in the testing 

concrete cylinders were failed due to concrete crushing while partially and 

rupture. The vague fracture patterns exhibit by the specimens, causing 

concrete cylinder, it had proven strong enough for strengthening the concrete 
cylinder.

The tests were conducted to a cylinder type of specimens only due to the 

other type of structure was not further discussed. The size of the cylinder 

Further studies should be done on the actual size of column structures 

providing structural strengthening. This includes studies on other parameters 
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