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Abstract - Many RC structures around the world are 

deteriorated over the years due to various environmental factors. 

As a result, these structures either need to be replaced or 

strengthened. Recently developed high strength aluminum alloys 

have desirable characteristics that make them attractive as 

externally bonded strengthening materials. The critical gap in this 

research area is to carry out further experimental studies to 

confirm the effectiveness of using bonded aluminum alloy plates 

and to investigate the effect of using 1mm thickness of aluminum 

alloy plate. The aluminum alloy plate placed at the Centre of the 

beam at bottom side. Single-layer U-wrap CFRP sheets were used 

in the transverse direction as end anchorages for strengthened 

beams. Aluminum alloys properties are high strength and 

hardness, low cost raw material, high dimensional accuracy and 

stability, high quality finishing characteristics, outstanding 

corrosion resistance etc. The goal is to study the effect of using 

1mm thick aluminum alloy plates as externally bonded flexural 

strengthening material and to explore the effect of end anchorages 

on the flexural strength and ductility of these beams. Load 

carrying capacity of specimens by using AA alloy plates and CFRP 

sheets were found increasing when compared with the control 

specimen. Maximum load carrying capacity is found on beam with 

CFRP at bottom, both ends and middle and is 69.2 kN with 64% 

load increment compared with control beam. It is conclude that 

Aluminum alloy plates could be used as an external strengthening 

material to enhance both the strength and ductility of RC beams 

in flexure.    

 

Keywords: Aluminum alloy plates, CFRP sheets, Flexural 

strengthening, Anchorage, Ductility enhancement 

 

I. INTRODUCTION 

Strengthening and retrofitting of deteriorated and aging 
building and bridge members is a common practice due to its 
cost effectiveness nowadays. As a result, various techniques 
and strengthening materials emerged in the last four decades. 
Steel and fiber reinforced polymers (FRP) have been used 
extensively for this purpose as externally bonded reinforcement 
(EBR). As flexural reinforcement, steel plates and FRP sheets 
and plates are usually bonded and may be anchored to the soffit 
of beams to increase the flexural capacity. Steel was used as 
externally bonded/ anchored reinforcement material due to its 
high tensile strength and ductility. However, the susceptibility 
of steel itself to corrosion and the deterioration of bond strength 
between steel and concrete due to corrosion made steel plates  
less attractive to use as EBR. Consequently, FRP emerged and 
became the dominant EBR material for the last three decades. 
FRP has superior tensile strength to weight ratio and high 
resistance to corrosion. However, its brittle rupture and fast 
degradation under high temperature lead researchers to search  
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for new materials that overcome the shortcomings of steel and 
FRP. Newly developed Aluminum Alloys (AA) with high 
tensile strength and ductility comparable to that of steel, light 
weight comparable to that of FRP as well as high resistance to 
corrosion and to high temperature degradation made them 
viable candidates for externally bonded reinforcement 
materials. The use of steel plates as externally bonded flexural 
reinforcement material has been investigated by many 
researchers in the1980’s. Motivated by its light weight and 
corrosion resistance, FRP replaced steel as EBR material for 
flexural strengthening of concrete members. 
 

II. LITERATURE REVIEW 

Liang Huang et al (2016) [12] studied about “ Reinforced 
concrete beams strengthened with externally bonded natural 
flax FRP plates” This paper reports an investigation on the use 
of natural flax fabric reinforced polymer (FFRP) composite 
plates as external strengthening material of reinforced concrete 
(RC) beams. The flexural behaviour of 2 m-long RC beams 
with and without FFRP plates are evaluated under four-point 
bending. The test results indicated that FFRP plates enhance the 
ultimate load, deflection and ductility of the beams 
significantly. The increase in load and ductility is more 
effective for RC beams with a lower steel ratio. The 
strengthened beams show a similar failure mode, i.e. steel 
yielding and then rupture of the FFRP plate. Pre-cracking of the 
RC beams has no obvious effect on the ultimate load and energy 
absorption capacity of the FFRP strengthened beams, indicating 
that FFRP will be effectively to retrofit damaged RC beams 
(e.g. after earthquake-attack). H. Toutanji, L. Zhao,Y. Zhang 
(2006) [4] has studied about “Flexural behavior of reinforced 
concrete beams externally strengthened with CFRP sheets 
bonded with an inorganic matrix”. Externally bonding fiber 
reinforced polymer (FRP) sheets with an epoxy resin is an 
effective technique for strengthening and repairing reinforced 
concrete (RC) beams under flexural loads. In this study, a total 
of eight RC beams was tested and analyzed: one control beam 
and seven beams reinforced with three to six layers of carbon 
fiber sheets bonded by an inorganic epoxy. All specimens were 
subjected to a four-point bending test under load control while 
load, deflection, mid-span strain and failure mode were 
recorded up to failure. It is found that the load carrying capacity 
increases with the number of layers of carbon fiber sheets of the 
control beam strength. For three and four layers of FRP 
reinforcement, the beams failed by rupture of FRP, while beams 
with five and six layers of FRP reinforcement failed by FRP 
delamination. The ductility of the FRP strengthened beams is 
greatly reduced compared to the control beam. Athulya Ullas 
(2018)[8] “Strengthening of Reinforced Concrete Beams Using 
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Externally Bonded Aluminum Alloy Plates” Many RC 
structures around the world are deteriorated over the years due 
to various environmental factors. As a result, these structures 
either need to be replaced or strengthened. Recently developed 
high strength Aluminum alloys have desirable characteristics 
that make them attractive as externally bonded strengthening 
materials. The critical gap in this research area is to carry out 
further experimental studies to confirm the effectiveness of 
using bonded AA plates and to investigate the effect of their 
different orientations. This project investigates the potential of 
using Aluminum alloy plates for shear strengthening of 
reinforced concrete (RC) beams. A shear deficient control beam 
and three shear deficient RC beams externally strengthened 
using Aluminum alloy plates in 30, 45 and 60 degree 
orientations were casted and tested. It is observed that the 
ultimate load capacity of strengthened beams increased over the 
control beam. The ultimate load capacity is obtained maximum 
for the beam strengthened with plates at 60 degree orientation. 
Hayder A. Rasheed, Jamal Abdalla et al (2017)[10] studied about 
“Flexural behavior of reinforced concrete beams strengthened 
with externally bonded Aluminum Alloy plates”. This study 
introduces for the first time the use of Aluminum Alloy plates 
as a potential replacement to externally bonded flexural 
reinforcement made of steel and FRP. However, more direct 
comparisons are warranted to solidify this claim. An 
experimental program is conducted to examine the viability and 
potential of this proposal. One control beam and nine AA 
strengthened beams were tested monotonically to failure after 
bonding two different Aluminum Alloy plates to their tension 
face. The behavior proved to be superior to that of FRP due to 
the ductility provided. The behavior, on the long run, is 
expected to be superior to that of steel due to the corrosion 
resistance of the AA plates. The use of end anchorage in this 
application proved to provide comparable levels of ductility to 
that observed for the control beam. since it extended the 
deformation beyond the nominal de bonding strain values. On 
the other hand, the use of end anchorage did not improve the 
overall strength of the strengthened system due to the flat 
plateau experienced by yielding of the AA plates. 

III. FLEXURAL BEHAVIOUR OF BEAM 

Five RC beams were prepared. The RC beams were reinforced 
with two 8 mm diameter bars at top and bottom and 6 mm 
diameter stirrups spaced at 120 mm center to center as shown 
in Fig. 1. 
 

 
Fig. 1 geometry and details of concrete beam specimens (all dimensions in 

cm) 

A. Material properties 

The materials used in the study are Ordinary Portland cement 
of grade 53, the average yield stress of main steel bars used in 
the experiment is 500 MPa and an elastic modulus of 200 GPa. 

Fine aggregate used is M sand, coarse aggregate used is of size 
20mm, strengthening materials used are AA plates and CFRP 
Sheets.AA plates dimensions are 1300mm length, 130mm 
width and 1mm thickness. CFRP Sheets tensile modulus 
230kN/mm2 and tensile strength 3900kN/mm2. CFRP Sheets 
dimensions are 150mm width and 0.21mm thickness. 

 

 

  
Fig. 2 CFRP Sheet 

TABLE 1 EPOXY     

Epoxy 

Epoxy For AA Sheet Epoxy For CFRP 

Master Brace 1414 PART A 

 Master Brace 1414 PART B 

CERA PRIMER - 18  

           CERA PRIMER –EPS 

 
B. Specimen casting 

A beam of size 1500 x 150 x 200 mm is casted as the control 
beam (Specimen1). Two main bars of diameter 8mm is used 
with a nominal cover of 30 mm and 2 legged 6mm stirrup is 
placed at 120 mm spacing. Minimum clear cover to 
reinforcements depends on the exposure criteria and this is 
specified in IS: 456-2000.  
 
A beam of size 1500 x 150 x 200 mm is casted with external 
strengthened by using AA plates provided at bottom and CFRP 
U wraps provide at mid span of the beam as specimen 2 
(ACFB1). A beam of size 1500 x 150 x 200 mm is casted 
external strengthened by using AA plates provided at bottom 
and CFRP U wraps provided at both ends of the beam as 
specimen 3 (ACFB2). A beam of size 1500 x 150 x200 mm is 
casted external strengthened by using AA plates provided at 
bottom and CFRP U wraps provide at mid span and both ends 
of the beam as specimen 4 (ACFB3). A beam of size  
1500 x 150 x200 mm is casted external strengthened by using 
CFRP Sheets provided at bottom and CFRP U wraps provide at 
mid span and both ends of the beam as specimen 5 (CCFB4). 

C. Testing procedure 

All specimens were water cured for 28 days and then tested in 
loading frame applying two point load at L/3 sections of the 
beam span as shown in Fig 3.Flexural strength of all beams are 
evaluated. Details of specimens are shown in below Table 2. 
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Specimens details are shown in table. CB (Specimen 1), 
ACFB2 (Specimen 1), ACFB2 (Specimen 2),, ACFB3 
(Specimen 3),, CCFB4 (Specimen 4),  discriptions are shown in 
below table 2. 

TABLE 2 DETAILS OF BEAM SPECIMENS 

 

 
Fig. 3 Test setup line diagram for testing of beam with two point loading 

IV. RESULT AND DISCUSSION 
 

 

Fig. 4 Crack Pattern in CB 

 

Fig. 5 Crack Pattern in ACFB1 Beam 

 

Fig. 6 Crack Pattern in ACFB2 Beam 

 

Fig. 7 Crack Pattern in ACFB3 Beam 
 

 
 

Fig. 8 Crack Pattern in CCFB4 Beam 

The crack patterns formed in the beams after two point flexural 
testing is shown in fig. 4, 5, 6, 7 and 8. The cracks formed in 
CB are mainly vertical cracks. Both minor and major cracks are 
also formed. In external strengthened beam the cracks formed 
are mainly vertical cracks and inclined cracks. In external 
strengthened beam the width of cracks formed is less than that 
of previous beam (CB). The cracks formed here are mainly 
vertical cracks. Inclined cracks are mainly formed in the upper 
portion of the beam. The width and number of cracks formed in 
external strengthened beam is lesser compared to other 
specimens. Both vertical and inclined cracks are formed.  

The comparison of load-deflection curves of all 5 specimens at 
section L/2 is shown in fig 9. The deflection corresponding to 
ultimate load is taken. From this graph it is clearly seen that 
deflection is more for control beam. For strengthened beam the 
deflection is reduced compared to control beam.  

The comparison graph of ultimate loads of each beam specimen 
is shown in fig 10. By comparing the ultimate load of all 
specimens, it is observed that the highest ultimate load carrying 
capacity is for CCFB4.  
 

 IDENTIFICATION DESCRIPTION 

Specimen 1 CB Control beam. 

Specimen 2 ACFB1 
Beam with AA plate at 

bottom CFRP U wrap at 
Middle span of the beam 

Specimen 3 ACFB2 
Beam with AA plate at 

bottom CFRP U wrap at 
both ends of the beam 

Specimen 4 ACFB3 

Beam with AA plate at 
bottom CFRP U wrap at 

both ends and middle 
span of the beam 

Specimen 5 CCFB4 

Beam with CFRP sheet 
at bottom CFRP U wrap 
at both ends and middle 

span of the beam 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 12, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 123 of 125



In Fig.10 and Fig.11, it is clear that for normal beam, the 
strength is less and the deflection corresponding to maximum 
load is higher. But, when AA alloy plates and CFRP sheet 
strengthened beam, the strength was improved and the 
deflection at maximum load has got reduced. The beam having 
AA alloy at bottom side and CFRP at mid span of the beam 
could withstand load upto 51.6 kN where the control specimen 
could only bear the load upto 42 kN. Capacity of beam with AA 
alloy at bottom and CFRP at both ends was found to be 54 kN 
and for the beam with AA alloy at bottom side and CFRP at 
both ends and middle, could bear the load upto 57.3 kN. From 
Fig 10, it is evident that the beam with CFRP at bottom, and 
CFRP at both ends and middle has maximum load carrying 
capacity as compared to other specimens, could bear the load 
upto 69.2 kN. The maximum deflection for control beam at 
central and L/3 were 23.49mm  and 22.03 mm whereas 
deflection of beam having AA alloy at bottom side and CFRP 
at mid span of the beam at central and L/3 were 13.49mm and 
12.57 mm. Beam with AA alloy at bottom and CFRP at both 
ends deflection was found to be at central and L/3 were 5.11mm 
and 5.05 mm and for the beam with AA alloy at bottom side 
and CFRP at both ends and middle deflection was found to be 
at central and L/3 were 17.52mm and 13.52 mm. From these 
results, it is obvious that the beam with AA alloy at bottom and 
CFRP at both ends with had minimum central deflection as 
compared with other three specimens. It can be observed that 
the load carrying capacity of strengthened beams increase with 
different position of CFRP U Wrapping. The specimen CCFB4, 
U Wrap at both sides and middle with cfrp at bottom side beam 
showed the highest load carrying capacity at a strength gain of 
about 64 % more than control beam. The specimen ACFB3, U 
Wrap at both sides and middle 1mm AA plates at bottom side 
beam showed load carrying capacity at a strength gain of about 
36% more than control beam. The specimen ACFB2 and 
CCFB4 showed load carrying capacity at strength gain of about 
28 % and 22 % respectively more than control beam.so, Load 
carrying capacity of specimens by using AA alloy plates and 
CFRP sheets were found increasing when compared with the 
control specimen. 

 

Fig. 9 Comparison of Load Vs. Deflection Graph at L/2 section of Beam 
 

 
 

Fig. 10 Comparison of Ultimate Load Graph 

 

 
Fig. 11 Comparison of Deflection Graph at L/2 section 

V. CONCLUSIONS. 

Testing of whole specimens were done.  
In this study, the beams were strengthened by using AA alloy 
plates and CFRP sheets. AA alloy provided at bottom side of 
the beam and CFRP sheet provided transverse direction and 
different position of the beams. From the testing of 
specimens using loading frame; following conclusion can be 
made; 

 
1. Load carrying capacity of specimens by using AA alloy 

plates and CFRP sheets were found increasing when 
compared with the control specimen. Maximum load 
carrying capacity is found on beam with CFRP at bottom, 
both ends and middle and is 69.2 kN with 64% load 
increment compared with control beam. 

2. FRP strengthened beams in which end anchorage improves 
the ultimate strength due to the yielding of the AA alloy 
plates. 

3. The goal is to study the effect of using AA plates as 
externally bonded flexural strengthening material and end 
anchorages to improve the flexural strength and ductility of 
these beams. 

4. Flexural cracks are formed in strengthened beams which 
was lesser width compared with control beam. 

5. Central deflection for the strengthened specimens were 
decreased as compared with control beam. 
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6. The reason for the increased load capacity due to CFRP 
anchorage improves the ductility of the beam and AA alloy 
improves the overall deformation of the beam.   
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