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Abstract—The composite material of  Carbon Fiber and steel 
plate is a new strengthening material. CFRB and steel plate 
can be seen as a kind of composite material, the force 
performance changes with the result of the content. The 
minimum content of  CFRB in different CFRB and different 
steel plate rehabilitation is explored.The maximum content of 
CFRB in different CFRB and different steel plate 
rehabilitation is discussed. The appropriate content of CFRB 
in different CFRB and different steel plate is also studied. The 
studied result can be as a reference for  engineering 
applications. 
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I. INTRODUCTION 

The Carbon Fiber Reinforced Plastic or steel plate 
strengthening concrete components has the insuffici-ency in 
improving the the structures' mechanical  per-formance , the 
two composite rehabilitation actually has the 
complementarity. In CFRB and steel plate co-mposite 
rehabilitation, CFRB and steel plate can be seen as a kind of 
composite material, the force perfor-mance changes with 
the result of the content. Test[1-6] indicates that the 
composite reinforcing failure pa-ttern performs as the 
carbon fiber cloth parts of tensi-le failure and parts of 
peeling off. When steel dos-age remains unchanged, the 
yield strength and ultimate strength of the composite 
material increase with the CFRB content. However, the 
deformation capacity of the composite material decreased 
(The strain of car-bon fiber cloth reduce when destroyed). 
Seismic str-engthening, needs materials in a higher strength, 
also needs to have enough deformation performance. The-
refore, it is necessary to explore the appropriate content of 
CFRB. 

II. THE EXPLORATION OF THE MINIMUM CONTENT OF 

CFRB IN COMPOSITE REINFORCEMENT 

For common steel plate of Q235 and Q345, the material 
plasticity is good, but strength is low. We can paste CFRB 
to improve its strength. So the content of CFRB should not 
be too little in CFRB and steel composite reinforcement. On 
one hand, when carbon fiber cloth content is low, its failure 

pattern for carbon fiber cloth tensile off and quit working. 
On the other hand, when steel dosage remains unchanged 
and the content of CFRB is low, the increasing of the 
strength of the composite materials is limited, losing the 
meaning that composite reinforcement can reduce the steel 
plate thickness and layers. Use of composite steel reinforced 
concrete beam, composite materials is equivalent to the 
effect of steel bar. When the con-tent of carbon fiber cloth in 
composite materials is low, we can approximate the 
composite material as the steel to treat. According to 
《Code for seismic de-sign of buildings(GB 50011-2010)》
[7]，the ultima-te strength and the ratio of yield strength 
should not be less than 1.25, which can find out in 
composite material of carbon fiber cloth minimum content. 

Composite material yield strength 
yN  and ultimate 

strength 
uN  calculation formula is: 

  
cfecfbybbyy AEAfN             （1） 

  
ecfscfucfbbyu AEAfN ,           （2） 

  
cfcfcfmfcfmfcfe tbnkAkA              (3） 
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mf
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In formula, bA is for the area of steel plate, 2mm ; cfeA  

is for the effective area of carbon fiber cloth, 2mm ; cfA  is 

for the real distribution area of carbon fiber cloth, 
2mm ; byf  is for the yield strength of steel 

plate, 2/N mm ; bE  is for the elastic modulus of steel 

plate, 2/N mm ; cfE  is for the elastic modulus of carbon fiber 

cloth, 2/N mm ; cfn  is for the paste layer of carbon fiber 

cloth; ,cfu s  is for the design value of ultimate tensile strain 

of carbon fiber cloth, for important member is 0.007, for 
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General member is 0.01; mfk  is for the utilization degree 

reduction coefficient of carbon fiber cloth[8]. 

With the conditions of the ultimate strength and yield 
strength of the ratio is 1.25, 

          
yu NN 25.1              （5） 

Substitute (5) with (1) and (2), we conclude: 
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For Q235 steel plate, 

E=206000MPa, byf =215MPa,so by =0.00104; For 

composite reinforce-ment, composite materials of carbon 
fiber cloth in general not more than two layer. According to 

(4), we can solve mfk =0.9. When reinforce important mem-

ber, cfs =0.01.When reinforce general member, cfs =0.007. 

High strength in class I of CFRP, MPaEcf
5103.2  ; 

High strength in class II of CFRP, 52.0 10cfE MPa  .Thus, 

we can find out the minimum value in composite 
reinforcement of the ratio of CFRB area and steel plate area. 
See Table 1. 

TABLE 1  THE MINIMUM VALUE OF THE RATIO OF CFRB AREA 
AND Q235 STEEL PLATE AREA 

Importance of the 

member 

b

cf

A

A  

Strength grade 

 

High strength  

in class I 

 

High strength 

in class II 

Important member 4.56% 5.24% 

General member 2.98% 3.43% 

 
For Q345 steel 

plate,E=206000 MPa , byf =315 MPa ,so by =0.00153; For 

composite rein-forcement, composite materials of carbon 
fiber cloth in general not more than two layer. According to 
(4), we can solve 

mfk =0.9. When reinforce important me-

mber, 
cfs =0.01.When reinforce general member, 

cfs =0.007. High strength in class I of 

CFRP, MPaEcf
5103.2  , High strength in class II of 

CFRP, 52.0 10cfE MPa  .Thus, we can find out the 

minimum value in composite reinforcement of the ratio of 
CFRB area and steel plate area. See Table 2. 

TABLE 2  THE MINIMUM VALUE OF THE RATIO OF CFRB AREA 
AND Q345 STEEL PLATE AREA 

Importance of the 

member 

b

cf

A

A  

Strength grade 

 

High trength 

 in class I 

 

High strength 

in class II 

Important member 7.48% 8.60% 

General member 4.70% 5.14% 

 

III. THE EXPLORATION OF THE MAXIMUM CONTENT OF 

CFRB IN COMPOSITE REINFORCEMENT 

For reinforcing steel plate commonly used, design 
strength is low when the plate yield, but the ultimate 
strength is high when steel plate tensile off. For example, 
the design strength of Q235 2/215 mNf y  , the tensile 

ultimate strength 2/500~370 mNbu  , the ratio of yf  and 

bu  is 43.0~58.0/ buyf  . The design strength of 

Q345 2315 /yf N m , the tensile ultimate 

strength 2470 ~ 630 /bu N m  , the ratio 

of yf and bu is / 0.67 ~ 0.5y buf   [9].Due to the huge 

amount of steel plastic deformation, it makes the ultimate 
strength can not be fully used, only playing as a safety stock. 
However, CFRP materials high strength supplement steel 
plate yield strength shortage, but with carbon fiber cloth 
content increased, the strength of the composite materials 
increase more, but its plastic reduce. In order to guarantee 
composite materials have enough strength and ductility, we 
can assume that when composite materials strength does not 
exceed the limit of steel plate tensile strength, even carbon 
fiber does not destroy, but steel is still not snap, it still has a 
certain degree of safety. The composite material has experi-
enced large plastic deformation. According to the request to 
be in composite material of carbon fiber cloth content of 
maximum. 

Assume composite material of strong flexor ratio 
is /y buf  , the steel plate tensile ultimate strength can 

calculate with the following computation. 

      
bbybbubu AfAN             （7） 

Made of composite material of ultimate strength not 
greater than the limit of steel plate tensile strength 
conditions, 

      
bbybuu AfNN               （8） 
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Substitute (5) with (7) and (8), 
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For Q235 steel plate, 

E=206000 MPa , byf =215 MPa ,take

max(0.58 ~ 0.43) 0.58   ; For composite reinforcement, 

composite materials of car-bon fiber cloth in general not 
more than two layer. According to (4), we can solve 

mfk =0.9. When reinf-orce important member, 

cfs =0.01.When reinforce general member, cfs =0.007. 

High strength in class I of CFRP MPaEcf
5103.2  , 

High strength in class II of CFRP 52.0 10cfE MPa  .Thus, 

according to (9), we can find out the maximum value in 
composite reinforcement of the ratio of CFRB area and steel 
plate area. See Table 3. 

TABLE 3 THE MAXIMUM VALUE OF THE RATIO OF CFRB AREA 
AND Q235 STEEL PLATE AREA 

Importance of 

the member 

b

cf

A

A  

Strength grade 

 

High  trength 
in class I 

 

High strength 

in class II 

Important 

member 

10.74% 12.36% 

General member 7.52% 8.65% 

 
For Q345 steel plate, 

E=206000 MPa , byf =315 MPa ,take

max(0.67 ~ 0.5) 0.67   ; For composite reinforcement, 

composite materials of car-bon fiber cloth in general not 
more than two layer. According to (4), we can solve 

mfk =0.9. When reinf-orce important member, 

cfs =0.01.When reinforce general member, cfs =0.007. 

High strength in class I of CFRP MPaEcf
5103.2  , 

High strength in class II of CFRP 
52.0 10cfE MPa  .Thus, ac-cording to (9), we can find 

out the maximum value in composite reinforcement of the 
ratio of CFRB area and steel plate area. See Table 4. 

 

TABLE 4 THE MAXIMUM VALUE OF THE RATIO OF CFRB AREA 
AND Q345 STEEL PLATE AREA 

Importance of the 

member 

b

cf

A

A  

Strength grade 

 

High trength 
in class I 

 

High strength 
in class II 

Important member 10.71% 12.31% 

General member 7.50% 8.20% 

 
According to table 3 and table 4, for Q235 and Q345 

steel plate, CFRB in composite materials with steel plate 
material area ratio maximum basic close, we can take Q235 
steel value. 

IV. THE EXPLORATION OF THE APPROPRIATE CONTENT 

OF CFRB IN COMPOSITE REINFORCEMENT 

We can assume that carbon fiber cloth in composite 
materials is the reinforcement to steel plate. According to 
the current strengthening standards, its strength improving 
should not be more than 40% of the strength of the steel 
plate, so we can find out carbon fiber cloth appropriate 
content in composite material. 

Steel plate yield strength can calculate like this; 

      
bbybu AfN                （10） 

Made of composite material the ultimate tensile strength 
of steel plate is equal to the ultimate tensile strength of 1.4 
times, we conclude: 

      
bbyu AfN 4.1                （11） 

Substitute (5) with (10) and (11): 

      

cfmf
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b
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Ek

f

A

A 4.0
                 （12）       

For Q235 steel plate, E=206000 MPa , 

byf =215 MPa ;For composite reinforcement, com-

posite materials of carbon fiber cloth in general not more 

than two layer. According to (4), we can solve mfk =0.9. 

When reinforce important member, cfs =0.01.When 

reinforce general member, cfs =0.007. High strength in 

class I of CFRP   MPaEcf
5103.2  , High strength in class 

II of CFRP 52.0 10cfE MPa  .Thus, according to (9), we can 

find out the appropriate value in composite rein-forcement 
of the ratio of CFRB area and steel plate area. See Table 5. 
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TABLE 5 THE APPROPRIATE VALUE OF THE RATIO OF CFRB 
AREA AND Q235 STEEL PLATE AREA 

Importance of 

the member 

b

cf

A

A  

Strength grade 

 

High 
strength in 

class I 

 

High strength 

in class II 

Important 

member 

5.94% 6.83% 

General member 4.15% 4.78% 

 

TABLE 6 THE APPROPRIATE VALUE OF THE RATIO OF CFRB 
AREA AND Q345 STEEL PLATE AREA 

Importance of 

the member 

b

cf

A

A  

Strength grade 

 

High strength 
in class I 

 

High strength in 
class II 

Important member 8.70% 10.00% 

General member 6.09% 7.00% 

 

For Q345 steel plate, E=206000 MPa , byf =315 MPa ; 

For composite reinforcement, com-posite materials of 
carbon fiber cloth in general not more than two layer. 
According to (4), we can solve mfk =0.9. When reinforce 

important member, 
cfs =0.01.When reinforce general 

member, cfs =0.007. High strength in class I of 

CFRP MPaEcf
5103.2  , High strength in class II of 

CFRP 52.0 10cfE MPa  .Thus, according to (9), we can find 

out the appropriate value in composite reinforcement of the 
ratio of CFRB area and steel plate area. See Table 6. 

V. CONCLUSION 

According to the importance of the member , for 
different CFRB  and different steel plate , the 
minimum value of the ratio of CFRB area to steel plate area 
and the maximum value of the ratio of CFRB area to  steel 
plate area are deduced. The appr-opriate value of the ratio of 
CFRB area to steel plate area is also deduced . The studied 
result can be as a reference for  engineering applications. 
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