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1. Introduction 

  The adhesion of carbon fiber 
sheet (CFS) offers various advantages 
such as the construction ability and 
the reduction of construction time. 
Therefore, it has been recently found 
in the increasing applications to the 
strengthening of RC member and the repair of 
cracked structural member. This strengthening 
method has been the subject of a number of 
studies leading to reports on suitable design 
methods, mechanisms and its reinforcing effects 
[1-5]. 

The present paper deals with the initial 
concrete strain that effects the neutral axis 
calculation in the theoretical bending moment 
capacity for the RC beams reinforced with CFS 
(hereafter, called CFS-reinforced RC beam) by 
using the calculation from CEB-FIP [6]. Moreover, 
the initial concrete strain is calculated from the RC 
beam without any reinforced with CFS. Once the 
initial concrete strain is been calculated, the neutral 
axis of CFS-reinforced RC beams can be calculated 
from the CFS strain and the initial concrete strain 
[6]. Therefore, the authors are going to use two 
different calculation approaches that are the 
ultimate concrete compression strength and the 
resisting bending moment for the initial concrete 
strain. Furthermore, by using these two approaches 
of neutral axis calculation, the theoretical ultimate 
flexural bending moment of CFS-reinforced RC beams 
will be calculated and compared with the 
experiment results.  

 
2. Preparation of experimental specimens [7] 
1) Material 

Ordinary Portland cement and coarse 
aggregate with a maximum size of 20mm 
were used for the experimental specimens. 
The D16 steel re-bars of SD 295A type 
were used. The physical properties of 
concrete and steel re-bar are listed in Table 
1. The high-strength continuous carbon 
fiber sheet with a width of 300mm and a 
thickness of 0.111mm was used, and the 
physical properties of CFS are listed in 
Table 2. 
2) Specimen set-up 

Two types of RC beam specimens 

with different depths were prepared. The specimen 
sizes and the selected measuring points are shown 
in Fig. 1. The RC beam specimens had reinforced 
with CFS is referred to as “CFS-reinforced RC 
beams,” hereafter. 
(1) Type A: It had the span of 2000mm, the width 
of 300mm and the height of 210mm as to the 
cross-section. There were three steel re-bars on the 
tension sides with the effective depth of 172mm and 
two steel re-bars on compression sides. 
(2) Type B: It had the span and the width same as 
Type A, but the height was 250mm. The 
arrangement of the steel re-bars was same as Type 
A, but the effective depth was 212mm. 
3) CFS Bonding Procedures 

First, the bottom surface of RC beams was 
ground smoothly. Then, primer and primary epoxy 
were applied to the bottom surface of RC beams. A 
single layer of CFS was then placed between two 
supports at the bottom of RC beams in the direction 
of the primary reinforcement by used the epoxy 
resin as an adhesive agent. 
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Table 2 Physical properties of CFS 

Table 1 Physical property of concrete and steel re-bars 

Fig. 1 Specimen size and Steel Re-bars arrangement 



3. Outline of experiments [7] 
This was a flexural experiment 

in which a wheel was rest at the 
center of the span (that was at the 
point of maximum flexural stress). 
The load was increased in increments 
of 5.0kN by the loading controller 
after each experiment. 

 
4. Results of experiments [7] 
1) Failure modes 

In the flexural experiments 
under the static load, all CFS-reinforced 
RC beams suffered the flexural 
failure as the load was being increased with cracks 
developing at an angle of approximately 55-60 
degrees from a point directly below the wheel.  

For the CFS, it peeled away from the concrete 
surface due to the tension at the center of the RC 
beam, with the peeling progressing toward the 
supports. Therefore, the CFS was not torn on any of 
the specimens; it was peeled off from the bottom of 
RC beams after flexural failure. 
2) Ultimate flexural load-carrying capacity 

The ultimate flexural load-carrying capacities were 
120.3kN and 137.5kN for Types A and B, 
respectively. Again, all CFS-reinforced RC beams 
also failed in flexure under the loading point.  

 
5. The theoretical ultimate flexural bending moment 

The theoretical ultimate flexural load-carrying 
capacity, Pu, is calculated in Eq. 1. The ultimate 
flexural bending moment equations are going to be 
explaining in the flowing for the CEB-FIP [6]. 

 
௨ܲ ൌ 4 · ௨ܯ ⁄ܮ  (1) 

 
Where, Mu is the ultimate flexural bending 
moment; L is the span length. 

 
1) Ultimate Flexural Bending Moment Equation 

from CEB-FIP [6] 
The ultimate limit state design of CEB-FIP [6] 

is based on the critical cross section that occurs by 
yielding of the tensile reinforcements followed by 
crushing of concrete. Fig. 2 [6] shows the design 
bending moment of the strengthened cross section 
that based on principles of RC design. Eq. 2 is the 
design ultimate flexural bending moment capacity. 
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fyd is the yielding strength of reinforcement, σs' 
is the stress of compression reinforcement, As 
is the amount of reinforcement on tension side, 
As' is the amount of reinforcement on 
compression side, d is the effective depth, d' is 
the upper thickness of covering concrete, εf is 
the strain of CFS, εo is initial strain of concrete, 
δG is stress block centroid coefficient (=0.4), ψ 
is stress block area coefficient (=0.8), fcd is 
concrete compression strength, εcu is ultimate 
concrete strength, bw is the width of RC beam 
and x is neutral axis depth. 

 
In the Eq. 2, the strain of CFS is been 

calculated related to the ultimate concrete strain, the 
high of RC beam, the neutral axis, and the initial 
strain of concrete. Also, there are two limitations 
for this equation. The first, the tensile steel re-bars 
are over its own yield strength. The second, the 
CFS is not excesses its own ultimate strength. In the 
other word, the full strain of CFS was not been 
considered into the calculation since the concrete 
had been taken the initial strain into the 
consideration. Moreover, the stress distribution for 
calculating the neutral axis in the Eq. 2 had 

Fig. 2 Cross section of maximum limit state in bending 

Fig. 3 Initial situation 



considered the stress of CFS.  
2) Initial strain of concrete (εo) 

Initial strain of concrete can be calculated from 
two different processes that are the ultimate 
concrete compression strain, and the resisting 
bending moment. Eq. 3 shows the calculation of 
initial concrete strain and Fig. 3 [6] shows the 
initial situation. Furthermore, for calculating the 
initial strain of concrete for CFS-reinforced RC 
beams, the ultimate concrete compression strain is 
going to be the concrete strain at the top of fiber 
(εc0) in Eq. 3 and. The resistance bending moment 
is going to be the cracking moment (M0) in Eq. 3.  

 
௢ߝ   ൌ ௖଴ߝ ሺ݄ െ ଴ሻݔ ⁄଴ݔ   (3) 

 
Where, ௖௢ߝ ൌ ଴ݔ଴ܯ ⁄௖଴ܫ௖ܧ , εc0 is concrete 
strain at the top fiber, M0 is the cracking 
moment, x0 is the neutral axis depth for RC 
beam without CFS, Ic0 the moment inertia of 
transformed cracked section [4], Ec is concrete 
young modulus.  

 
A) Ultimate concrete compression strain (εcu) 

The ultimate concrete compression strain is set 
to be 0.0035 [8] and had been used as the initial 
concrete strain for calculating the ultimate flexural 
bending moment capacity for CFS-reinforced RC 
beams. In the other word, the RC beam has been 
suffered or crashing in certain loading conditions 
before reinforced with CFS by using this ultimate 
concrete compression strain.  
B) Resisting bending moment (M0) 

The resisting bending moment [9] is been used 
for calculating the cracking moment in the concrete 
initial strain. In this calculation, the RC beams has 
not reinforced by CFS or anything else. Therefore, 
the neutral axis depth is just for the simple RC 
beam. Eq. 4 shows the calculation of the resisting 
bending moment.  

For this calculation, the concrete strain (εc0) at the 
top of fiber is not close to or greater than the ultimate 
strain (εul). In the other word, the RC beam is not 
crash condition. 
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6. Neutral axis of CFS-reinforced RC beams 

From the Eq. 2, the strain of CFS used in the 
CFS-reinforced RC beams is calculated from the 
relationship between ultimate concrete strain and 
initial strain of concrete, and between the height of 
RC beams and the neutral axis. Moreover, the 
neutral axis calculation is effect by the initial 
concrete strain and the CFS strain that can be found 
in the Fig. 2. Therefore, by using two different 
approach of the initial strain, the neutral axis 
calculated from ultimate concrete compression 
strain is less than the one calculated from the 
resisting bending moment that shows on Table 3. 
It’s because the RC beams are in the crashing 
condition before reinforced with CFS by using the 
ultimate concrete compression strain to calculate 
the initial strain of concrete in the CFS-reinforced 
RC beam calculation. 

As the results for the initial strain calculated 
from the ultimate concrete compression strain, the 
height of neutral axis for CFS-reinforced RC beam 
is 36.0mm and 36.4mm for Type A and B, 
respectively. Moreover, the compression steel 
re-bars are under the tensile condition since the 
clearance is 38mm. As the results for the initial 

Table 3 Calculation results and experiment results 



strain calculated from the resistance bending 
moment, the height of neutral axis is 39.4mm and 
39.6mm for Type A and B, respectively. Moreover, 
the compression steel re-bars are under the 
compression condition. Furthermore, the initial 
concrete strength calculated from the ultimate 
concrete compression strain is larger than calculated 
from the resistance bending moment.  

 
7. Experimental and theatrical results 

Table 3 shows the results of the calculation. By 
using the ultimate compression strain, the results 
are 88.8kN and 123.4kN for Type A and B, 
respectively. By using the resistance bending 
moment, the results are 107.0kN and 145.0 for Type 
A and B, respectively.  

By comparing with the experimental results, 
the calculations used the ultimate concrete 
compression strain are 36% and 11% less for Type 
A and B, respectively. The calculations used the 
resistance bending moment are 13% less and 6% 
over for Type A and B, respectively.  

 
8. Conclusion 
1) As results for the ultimate flexural load 

-carrying capacity, the initial concrete strain of 
CFS-reinforced RC beams calculated from the 
ultimate concrete compression strain is less 
than the one calculated from the resistance 
bending moment. It’s because the RC beams 
are under crashing condition before RC beams 
reinforced with CFS by calculated from the 
ultimate concrete compression strain. 

2) As the results for the initial strain calculated 
from the ultimate concrete compression strain, 
the neutral axis height for CFS-reinforced RC 
beam is less than the clearance of 38mm as  
the compression steel re-bars are under the 
tensile condition. As the results for the initial 
strain calculated from the resistance bending 
moment, the neutral axis height is greater than 
the clearance of 38mm as the compression 
steel re-bars are under the compression 
condition. 

3) The neutral axis of CFS-reinforced RC beams 
is influenced by the initial strain of concrete 
that before reinforced with CFS. It’s because 
this initial concrete strain will lead the 
calculation to calculate the strain of CFS in the 
CFS-reinforced RC beams. Moreover, the 
strain of CFS should not excess its own 
ultimate strain.  

4) The initial strain of concrete for calculating the 
ultimate flexural bending moment capacity of 

CFS-reinforced RC beams will depend on the 
condition of the RC beams. It’s because if the 
RC beams are crashing or badly damage, the 
ultimate concrete strain can be used as the 
initial strain of concrete. Moreover, if the RC 
beams have no or not much damage, the 
resisting bending moment can be used to 
calculate the initial strain of concrete.  
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