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 
Abstract—This paper investigates the viability of using carbon 

fiber reinforced epoxy composites modified with carbon nanotubes to 
strengthening reinforced concrete (RC) columns. Six RC columns 
was designed and constructed according to ASCE standards. The 
columns were wrapped using carbon fiber sheets impregnated with 
either neat epoxy or CNTs modified epoxy. These columns were then 
tested under concentric axial loading. Test results show that; 
compared to the unwrapped specimens; wrapping concrete columns 
with carbon fiber sheet embedded in CNTs modified epoxy resulted 
in an increase in its axial load resistance, maximum displacement, 
and toughness values by 24%, 109% and 232%, respectively. These 
results reveal that adding CNTs into epoxy resin enhanced the 
confinement effect, specifically, increased the axial load resistance, 
maximum displacement, and toughness values by 11%, 6%, and 
19%, respectively compared with columns strengthening with carbon 
fiber sheet embedded in neat epoxy.    
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I. INTRODUCTION 

TRENGTHENING of concrete structural members like 
columns may be required on many cases such as 

deterioration of structure due to environmental effect, damage 
caused by accidents, upgraded loading requirements, revision 
in loading standard, and seismic retrofitting. The most 
conventional method to strengthening RC columns is by using 
fiber reinforced polymers (FRP) materials. FRP are suitable 
for strengthening RC columns due to their excellent resistance 
to corrosion, high strength and stiffness-to-weight ratio, good 
mechanical properties, quickly and easily applied, and 
minimal effect on columns geometry [1], [2]. During the last 
two decades, many studies were carried out to investigate the 
behavior of RC columns strengthening by CFRP sheets. It was 
found that the level of strengthening of RC columns using 
CFRP depends on many factors: concrete strength, the 
columns’ cross-section and slenderness ratio, the number of 
CFRP layers, fiber orientation, type of matrix, and the bond at 
the interface between the concrete and the composite sheet 
[3]–[8]. On the other hand, nanocomposites have superior 
mechanical, thermal, electrical, magnetic, and electromagnetic 
properties, which can be utilized for best substitution of FRP 
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as retrofitting materials. In order to take advantage of the new 
generation of nanocomposites, CNTs modified epoxy was 
used during this research in the process of strengthening RC 
columns. Six RC columns were casted then strengthening 
using carbon fiber sheets impregnated in neat and CNTs 
modified epoxy. The columns were tested under concentric 
load to investigate the efficiency of using these materials to 
enhance their axial load resistance, stiffness and toughness.   

II. TEST SPECIMENS 

Six rectangular RC column specimens were constructed 
with a length of 1.5m and cross section of 150x200 mm. All 
columns reinforced with four steel rebars of 10mm diameter in 
the longitudinal direction and 6mm diameter stirrups every 
10cm. Moreover, a corner radius of 10 mm was used for the 
current test. General layout and reinforcement details of the 
test specimens are shown in Fig. 1.  
 

 

Fig. 1 Column layout and reinforcement details of test specimens 
 

Different schemes were used to investigate the effectiveness 
of using MWCNT on the confinement effect of CFRP sheet 
strengthening RC columns as follows: Two columns were 
designed as unwrapped control specimens, eight specimens 
were fully wrapped using a single layer of carbon fiber sheet 
(two with neat epoxy resin, two with MWCNT pregnant 
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2. Wrapping concrete columns with carbon fiber sheet 
embedded in CNTs modified epoxy resulted in an 
increase in its axial load resistance, maximum 
displacement, and toughness values by 11%, 6%, and 
19%, respectively, compared with columns strengthening 
with carbon fiber sheet embedded in neat epoxy. 
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