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ABSTRACT    

Changing  social  needs, upgrading of design standards, increasing safety requirements and 

deterioration are some of the reasons that make the existing reinforced concrete structure ( 

such as bridges and buildings) need to be strengthened or repaired . Over the past several 

years, there has been a concerned research efforts to explore  the strengthening effect of  

Carbon  Fiber Reinforced Polymer  (CFRP) laminates applied to reinforced concrete 

columns under centric loading . So, the main objective of this work is to identify the main 

parameters affecting the mechanical behavior of confined rectangular R.C. columns such 

as the confinement level and rectangularity ratio  (t/b ratio)  . The efficiency of externally 

bonded CFRP of rectangular R.C. columns is declared and evaluated .  [1,2,3]. 

Keywords: Carbon Fiber Reinforced Polymer  (CFRP) ,  strengthening, efficiency, rectangular R.C. columns. 

1. Introduction  

   Fiber reinforcement polymer (FRP) materials are composites   which consist of 

organic or inorganic fibers embedded in matrix, the matrix sometimes referred to as 

binder, is a polymer resin, often with some fillers and additives of various natures. 

Externally bonded FRP reinforcement can be regarded as a system of FRP and a bonding  

agent  to glue the FRP to the structure.  Fiber reinforcement polymer (FRP) , are used as 

Carbon Fiber (CF), Armid Fiber (AF) and Glass Fiber (GF) [4].       

2.  Experimental program 

   The aim of this paper is to demonstrate  the  effect of main parameters that affecting the 

efficiency of externally bonded (CFRP) strengthening  reinforced concrete axially load  

short normal strength  concrete columns  namely  : 

 1- Strengthening system      2- Rectangularity of cross-section 
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2.1. Test specimens 

  Nine rectangular  R.C.  columns with different rectangularity of cross-sections were 

constructed to study the various parameters for short reinforced concrete columns under 

axial static centric load. The details and the data of tested columns  are  listed  in Table 

(1)  . All R.C. columns have  constant percentage  of  longitudinal and lateral 

reinforcement.  ,  H/D ratio  was kept constant and equals 6, where H is height  of columns 

and D is the smallest dimension of cross-section.  

Table 1 

Details and data of tested columns 
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   Bs 1-0 

  1.56    96 - - 

16 x 25 

cm 

   Cr 1-0 

  2.56   75 - - 

12.5 x 32 

cm 

   Gr 1-0 

  1.00   120 

 0.14 

% 

 1 layer,5 strips 

bf = 11 cm 

20 x 20 

cm 

   Bs 1-1 

  1.56   96 

 0.14 

% 

 1 layer,  strips 

bf = 8 cm 

16 x 25 

cm 

   Cr 1-1 

  2.56   75 

0.14 

% 

 1 layer, 5 strips 

bf = 5.5  cm 

12.5 x 32 

   cm 
   Gr 1-1 

 1.00   120 

 0.28 

% 

   2 layers,5 strips 

bf = 11  cm 

20 x 20 

cm 

   Bs 1-2 

 1.56    96 

 0.28 

% 

     2 layers,5 strips 

bf = 8   cm 

16 x 25 

cm 

   Cr 1-2 
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 Grade of        

concrete 

  kg/ cm 
2

 

t/b ) )    

H 

cm 

% of 

    Confin. 

µf %  

    Strengthening 

System 

    Lateral 

 steel 

   (µ¯  %) 

Longit. 

steel 

(µ %) 

Cross- 

 section 

dim. 

Shape     Parameter 
Constants 

Col. 

designation 

 2.56    75 

 0.28 

% 

     2 layers,5 strips 

bf = 5.5   cm 

12.5 x 32 

cm 

   Gr 1-2 

µ =   (As / Ac) × 100           and         µ` = (Vst / Vc) × 100   Where 

 

                        (for  square and rectangular cross-sections  )   ` 

Where,  µ = percentage of longitudinal steel reinforcement,  µ` = the percentage of lateral 

steel  ( stirrups), µ f = the percentage of confinement, As  = cross-sectional area of 

longitudinal steel reinforcement, Ac = cross-sectional area of concrete, Vst  =  volume of 

lateral steel reinforcement, VC  = volume of concrete, bf   = total width of the bounded 

CFRP , tf  =  CFRP thickness, n  = number of layer of CFRP, b ,t = dimension of column 

cross-section and   S = centre to centre spacing of the CFRP.(for examples see Fig. (1) . 

2.2.  Materials and concrete mix proportion  : 

2.2.1. Concrete: 
   All columns were made from concrete having the same strength, therefore concrete 

mix design was done to produce cube strength of about 200 kg / cm
2
 after 28 days. The 

constituent materials were as follows: 

      - Ordinary Portland Cement ( Assiut cement ) was used throughout the program for 

making concrete, the cement content was 300 kg /m
3
 and water - cement ratio was 

0.60 to have a slump of 100 mm. 

       - The fine aggregate used was natural siliceous sand with a fineness modulus of 2.60 ,   

specific gravity of  2.55 and unit weight of 1.70  t/m
3
.  

       - The coarse aggregate was natural gravel of 20  mm maximum nominal size, fineness 

modulus of 6.61 ,   specific gravity of  2.65 and unit weight of 1.58  t/m
3
  . Drinking 

water used for mixing concrete . 

2-2-2   Steel reinforcement: 
   High tensile steel deformed bars of grade 36/52 and diameter 12  mm was used as 

longitudinal steel, while mild steel plain bars of grade 24/35 and diameter 6 mm  was used 

as lateral steel in all RC columns. 
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Table 2 
Concrete mix proportions 

Composition (kg / m3  ) C 200 

Cement (type / weight ) OPC  /  300 

Coarse aggregate (type / weight )  R / 1174 

Fine aggregate (type / weight ) R / 718 

Water 180 

Ratio water/ cement (W/C) 0.60 

The external reinforcement was a CFFRP sheet [6] , the mechanical properties of CFRP 

are listed in Table (3) 

 

Table 3 
Mechanical properties of CFRP [4, 9,10,11,16] 

Weight of 

CFRP (g/m2 ) 

Thickness 

( mm ) 

Ultimate 

strain 

Tensile 

strength 

kg / cm2  )) 

Modulus of Elasticity 

(kg / cm2  ) 

230 ± 10 0.131 1.8 % 43000 2380000 

3.  Test results 

3.1. With respect to failure mode of tested columns:   

     During tests, two failure mechanisms of failure were observed as follows: 

The first mechanism ( FM 1): 

This mechanism was due to shear failure, in non-strengthened columns . The non-

strengthened columns failed because of the combination of two brittle mechanisms; steel 

reinforcement compressive bars buckling and concrete cover spalling. Failure  was 
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governed by shear failure between the medium third to the upper or lower  third for all 

columns. This mechanism was observed in case of reference columns ( Bs1-0), ( Cr1-0)  

and ( Gr1-0) , see the following photos 
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Failure mode,  (unconfined rectangular R.C. columns) ( FM 1) 
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The second mechanism ( FM 2):  

This mechanism was observed in case of strengthened  columns with a number of 

CFRP strips of one layer and two layers (Bs1-1), (Cr 1-1),    (Gr1 -1), (Bs1-2), (Cr 1-2), 

(Cr 2-2)  and (Gr 1-2), see the following  photos . 
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Failure mode,  R.C. columns confined  one and two layers ) ( FM 2) 
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3.2. With respect to the axial nominal stress - axial nominal  strain relationship of 

tested columns :  

For all   tested columns, the axial  nominal stress and the axial nominal strain are 

evaluated during the testing of each column up to failure . Fig. (2) and Fig. (3) show the 

relationships between the axial  nominal stress and axial nominal strain for tested of R.C. 

columns.  Also, the values of max. axial load , the max. axial stress, the max. strain , 

modulus of elasticity ,  the modulus of toughness, as well as the strength , ductility, 

stiffness and absorbed energy efficiencies are tabulated in Table (4) . 

 

 

 

 

                                                                                                                        

                                                                                                                    

 

 

 

Axial Nominal Strain )ε( 
Fig. 2.  Relation between axial nominal stress and axial nominal strain for 

different rectangularity of rectangular R. C. columns confined 1 layer (Group G 

-C 200 ) 

4. Analysis and discussions of test results 

The efficiencies are evaluated by calculating the following items for the strengthened 

columns compared with that without  strengthening : 

-Strength efficiency ( ζ1 )  which is represented by the percentage   of increase of axial 

nominal stress . 

- Ductility efficiency  ) ζ5 (  which is represented by the percentage   of increase of axial 
nominal strain . 

- Stiffness efficiency  ) ζ2 (  which is represented by the percentage   of increase of 

modulus of elasticity. 

σ
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- Absorbed energy efficiency  ( ζ4 ) measured by  the percentage   of increase of the 

modulus of toughness . 

One of the main parameters affecting the behavior of static normal strength of the 

externally bonded (CFRP) strengthening R.C. columns as  well as the above  efficiencies is 

the  rectangularity  ratio (t/b) of cross section . This effect is declared  through the 

following items  :  

- From point of view of strength ( strength coefficient  ζ1 )  : 
Fig. 4. shows  the relations between ) ζ6 (value against ) t/b ( ratio  for all cases  

confined R.C. rectangular columns, the relations can be best represent by the following 

equations : 

ζ1=41.57 – 9.725 )t/b( …………. .)6 (         ) for rect. R.C. columns confined 1 layer) 

ζ1=61.42 – 62.27 )t/b( …  . ……. .)5 (        ) for rect. R.C. columns confined 5 layers( 

From the above equations ,  the value of )ζ6( equal zero when  )t/b(  ratio equal   4.20, 
  4.50 for R.C. columns confined with one layer and two layers respectively . This means 

that  the strength efficiency  increases in strength due to confinement with  two layers than 

that one layer when  (t/b)  ratio  and grade of concrete  are constant. Also, the strength 

efficiency decreases when  (t/b)  ratio is increased . 
 

 

 

 

 

 

 
 

 Axial Nominal Strain )ε( 

Fig. 3.  Relation between axial nominal stress and axial nominal strain for 

different rectangularity of rectangular R. C. columns confined two layers    

(Group G -  C 200 ) 
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 Table 4 
The values of  max.  nominal stresses and max. nominal strains and  different 

values of efficiencies for different  rectangularity of  rectangular R.C. columns   
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( t / b ) ratio 

Fig. 4.  Relation between  efficiency)ζ6( and rectangularity  ( t / b ) ratio 

- From point of view of strain   (ductility coefficient  ζ2 ): 

Fig. 5. shows  the relations between ) ζ5 (value against ( t/b ) ratio for all cases  

confined reinforced concrete rectangular columns, these relations can be best represent by 

the following equations : 

ζ2= 214.80 – 52.66 )t/b(  ……......(3 )              ( for rect.  R.C. columns confined 1 layer) 

ζ2= 314.40 – 70.61 )t/b(  ……......(4 )             ( for rect. R.C. concrete confined 2 layers) 

The value of )ζ5( equal zero when  )t/b(  ratio equal   4.10  and   4.40 for R.C.  

columns confined with one layer and two layers respectively. This means that  the ductility 

efficiency  increases in strength due to confinement with  two layers than that one layer 

when  (t/b)  ratio  and grade of concrete  are constant .  Also,  the ductility efficiency 

decreases when  (t/b)  ratio is increased.  

From point of view of stiffness ( stiffness  efficiency ζ3): 

   The relation between ) ζ2 ( and ) t/b ( ratio for confined with one layer and  two layers 
reinforced concrete rectangular columns,  Fig. 6  , the relations can be best represent by the 

following equations : 
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ζ3= 20.72 – 2.512)t/b(  ………..  )2 (                 (for rect. R.C. columns confined 1 layer) 

ζ3= 32.64 – 7.777 )t/b(  ..……… )1 (                )for rect. R.C. columns confined 5 layers( 

 

 

    

: 

 

 

 

 

 

 
                                                                                      ( t / b ) ratio 

Fig. 5.  Relation between efficiency) ζ5( and  rectangularity ( t / b ) ratio  

The value of )ζ2( equals zero when ) t/b ( ratio is equal  3.95 and   4.20  for R.C. 

columns confined with one layer and two layers respectively, This means that  the stiffness  

efficiency of rectangular R.C. columns increases  when the confinement level  is increased  

for constant rectangularity and grade of concrete . At the same time,  the stiffness  

efficiency decreases when  (t/b)  ratio is increased  . 

From point of view of total absorbed energy (modulus of toughnessζ4): 

From Fig. 7, the values of the efficiency ) ζ4 ( measured by modulus of toughness, 
decreases with the increases of ( t/b ) ratio, these relations can be best represent by the 

following equations : 

ζ4= 386.4 – 94.22  )t/b(  ……….….)7 )             (for rect. R.C. columns confined 1 layer) 

ζ4= 628.0 – 642.22  )t/b(  …………)2 (            )for rect. R.C. columns confined 5 layers( 

The value of )ζ4( equals zero when ) t/b ( ratio equal   4.10  and    4.20  for R.C.  

columns confined with one layer and two layers respectively  . This means that  the 
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modulus of toughness efficiency of rectangular R.C.  columns increased  when the 

confinement level increase for constant rectangularity and grade of concrete . Also,  the 

modulus of toughness efficiency decreases when  (t/b)  ratio is increased . 

 

 

 

 

 

 

 

 

 

 

                                                                                 
( t / b ) ratio 

Fig. 6.  Relation between efficiency) ζ2 (  and rectangularity ( t / b ) ratio  
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Fig. 7. Relation between efficiency)ζ4( and rectangularity ( t / b ) ratio  
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Table  5  
Comparison for all efficiencies of  different Rectangularity ( t/ b)ratio  
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T
w

o
  
la

y
er

s 

48.0

0 
- 

250.0

0 
- 

24.2

0 
- 

503.9

2 
- - 

1.5

6  
Cr 

1-2 

40.0

0 

16.

66 

194.5

4 

22

.18 

21.5

5 

10.9

5 
357.5 

29.

05 
19.7

1 

2.5

6 
Gr 

1-2 

27.5

5 

42.

60 

137.0

3 

45

.18 

12.3

6 

48.9

2 

260.9

4 

48.

21 
46.2

2 

* Rectangularity ( t/ b) = 1.00  as a control 

Table 6. explains  the percent  of average decrease  of efficiencies  for  different 

rectangularity of rectangular   reinforced concrete  columns confined with CFRP one layer 

( partial wrapping ) and two layers ( partial wrapping ) comparing  with that  have 

rectangularity  ( t/b ) = 1  . Also , Table (7 )  presents the average of  max. ( t/b) when the 

average of efficiencies are vanishing  for both confined  one layer and confined  two layers.  

Based on this table , it is recommended that the ratio of  ( t/b) should not exceed  4.00 in 

order to provide a beneficial effect by strengthening the rectangular R.C. short columns by 

CFRP either one layer or two layers  partial wrapping. 
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5. Theoretical approach and mathematical modelling  

5.1.  Load carrying capacity of R.C. strengthened columns  

The obtained experimental results showed that the load carrying capacity of R.C. 

columns confined with wrapped CFRP sheet considerably improved in comparison with 

that of the corresponding reference columns. So that the load carrying capacity of 

strengthened columns is affected by the confined concrete strength fcc which it  is affected 

by the degree of confinement. As a result, and similar to the unstrengthened R.C. columns, 

the load carrying capacity of strengthened columns Pmax can be obtained according to 

Eq.(9). Consequently, to predict the load carrying capacity of R.C. columns strengthened 

externally by means of wrapped CFRP sheets, it should predict both the confining pressure 

fl due to externally wrapped sheets [5,6]  . 

Table 6 
The percent of  average  decrease of efficiencies  for rectangular   R.C. columns  

with different rectangularity  
 

 ( t/ b) 

Rectangularit

y   

one layer 

( partially 

wrapping ) 

two layers 

( partially 

wrapping ) 

% of average decrease 

  of efficiencies 

1.56 29.55 19.71 25 

2.56           49.68 46.22 48 

( Rectangularity  = 1.00 as a control)  
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sscccs AfAfP max,

Table 7 
The max. of ( t/b) ratio of rectangular reinforced concrete columns  when  

efficiencies are vanishing 

 

 ( C ) 

Grade 

of concrete 

CFRP 

system 

Max. 

( t/b) ratio 

when  (ζ1=0) 

Max. 

( t/b) ratio 

when (ζ2=0) 

Max. 

( t/b) ratio 

when (ζ3=0) 

Max. 

( t/b) ratio 

when (ζ4=0) 

Average 

max. 

( t/b) 

200 

One 

layer 
4.20 4.10 3.95 4.10 4.10 

Two  

layers 
4.50 4.40 4.20 4.20 4.30 

 

                                            ´                                       (9) 

where Ac  is area of concrete cross-section, fcc´ is confined  concrete strength,   As  is 

area of longitudinal reinforcement and fs is the stress of longitudinal reinforcement 

corresponding to the maximum load of strengthened column  P max. 

5.2. Equivalent Confinement Pressure : 

   5.2.1 For Rectangular R.C. Column Confined with a Fully Wrapped : 

For a rectangular section wrapped with FRP Fig. (8), and with corners rounded with a 

radius rc the parabolic arching action [4,6,7,8,9,10,11] is again assumed for the concrete 

core where the confining pressure is fully developed. For the concrete core is fully 

confined, a large part of the cross- section remains unconfined. In this case, the effective 

lateral confining pressure is obtained according to Eq.( 10) by introducing a confinement 

effectiveness coefficient ke2 ≤ 6.2.   
 

                                                                    (10) 
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Unconfined concrete  

FRP  

45  

rc  
x  

d'   d  

b'  = b- 2rc 

b 
y 

 

 

             

 

 

 

 

       

 

Fig. 8.  Effectively confined for non-circular sections 

Taking the sum of the different parabolas, the total plan area of unconfined concrete is 

obtained as: 

 

                                    =                                    (11)    

Where     ,  is   the clear distance between the rounded corners. Considering the ratio 

(Ac –Au) / Ac, the confinement effectiveness coefficient Ke2   is given by:   

 

                                   …………                  (12) 

 

The lateral confining pressures induced by the FRP wrapping reinforcement on a square 

or rectangular cross-section are given as:  

                                                                                                                                       (13)            

                                                                                                                                       (14)                  
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   Where the ratios ρfx and ρfy   represent the quantities of transverse confining 

reinforcement in the x and y direction and are given by: 

  

                                                                                             (15)   

5.2.2.  For Rectangular R.C. Column Confined with a Partly Wrapped : 

If the concrete is partly wrapped, less efficiency is obtained as both confined and 

unconfined zones existed, see Fig. 8. In this case, the effective lateral confining pressure is 

obtained according to Eq.( 16) by introducing a confinement effectiveness coefficient ke3 ≤ 
1.0.  

                                                                (16)   

Where  

                                                                              (17)   

  For rectangular columns confined partly wrapped, the partially wrapping  coefficient 

Ke3 can be  calculated as follows [ 6 ]: 

 

                                                                                     (18)   

5.3.  Confined Concrete Strength: 

Various models for confinement of concrete have been developed, primarily for steel 

wrapping reinforcement [10,11]. These models basically provide an equivalent uniaxial 

stress-strain relationship for confined concrete, see (Fig. 9). These models assume a 

constant confining pressure, and in reality confinement action increases as the concrete 

expands. For steel transverse reinforcement, the assumption of the constant confining 

pressure is somewhat realistic when the stress level is in yielding stage.  On the contrary, 

FRP reinforcement behaves linear elastically up to failure and the inward radial pressure 

(confining pressure) increases as the concrete expands laterally.    Regardless of the 

complete stress-strain response of the FRP reinforcement, on the basis of both models 

assuming a constant confining pressure  [10,11] and the model of FRP confined concrete 

suggested by Saadatmanesh et al [12 ], the confined concrete strength fcc´  was derived 

directly from the maximum effective confining pressure fl  with, 

sb

tb

ysd

tb f

f

f
fx and

22
 

 sgg
e A

db
K 




13
1

2,2,

2

   
sg

cc

c

e
e

rb

s

rt

s

A

A
k


























1

22
1

22
1

//

3

ffeel fkkf 
32

5.0



415 
M.  M. El-Taher et al, Some Parameters  Affecting  The Static Behavior Of Normal Strength Rectangular R.C. 

Short  Columns  Confined By Cfrp, pp. 395 - 420 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 2, March, 

2013, E-mail address: jes@aun.edu.eg  












 254.10.294.70.1254.2

co

l

co

l

cocc
f

f

f

f
ff

 

                                                                                              (19)   

 

where  fco  is unconfined concrete strength 

5.3.1.  Analytical verification 

Saadatmanesh et al model , Eq. (19), presents the predict  load carrying capacity of 

the tested columns (Ppr ) according to Eq. (10) for rectangular reinforced concrete columns 

full wrapping and  Eq. (16) for rectangular R.C columns partially  wrapping ,  compared 

with the corresponding experimental results are registered in Table (8).  

With respect to the varying rectangularity for rectangular  R.C.  columns  Fig. 10 and 

Table 8,  demonstrate the ratio of the obtained experimentally to that the predicted  

maximum load of the strengthened columns by Saadatmanesh expression (Pmax .exp / Ppr. ) 

ranged between 0.979 and 1.070  . 

 

 

 

 

 

 

 

 

 

Fig. 9. Model for confined concrete (constant confining action) [11]. 
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Table 8  
Experimental and predicted results for tested R.C . columns with varying    

rectangularity  

C
o

lu
m

n
 N

o
. 

Experimental 

Results 

Saadatmanesh Expression 

Results Pmax .ex

p 

 / Ppr 

G
ra

d
e 

o
f 

co
n
cr

et
e

 

 k
g

/ 
cm

 2
 Pmax .exp 

 ton 

fcc  kg/cm
2
 Pmax.c/  Pmax.u 

fcc´     

kg/cm
2
 

Ppr. ton Ppr.c/  Ppr.u 

Bs 1-0 100 250 - - 104.1 - 0.961 

200 

 

Cr 1-0 100 250 - - 104.1 - 0.961 

Gr 1-0 98 542 - - 104.1 - 0.941 

Bs 1-1 132 330 1.32 252.83 125.3 1.20 1.070 

Cr 1-1 126 315 1.26 252.56 125.2 1.20 1.006 

Gr 1-1 115 287.5 1.17 226.04 114.6 1.10 1.003 

Bs 1-2 148 370 1.48 297.40 143.1 1.37 1.034 

Cr 1-2 140 350 1.40 296.93 142.9 1.37 0.979 

Gr 1-2 125 312.5 1.27 249.85 124.1 1.19 1.007 
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Fig. 10. Predicted maximum load in comparison with that obtained 

experimentally 

6 . Conclusions 

Based on the obtained experimental results the following conclusions can  be drown out : 

1-   For rectangular section reinforced concrete columns, the strength efficiency , the 

ductility efficiency, the stiffness efficiency  and the absorbed energy efficiency are 

higher for confined of both one layer and two layers than  that  for unconfined columns.  

2-  The rectangularity  (t/b)  ratio , for unconfined R.C. columns has no significant effect 

on strength efficiency , ductility efficiency, stiffness efficiency  and the absorbed 

energy efficiency, meanwhile the rectangularity  (t/b)  ratio has a significant effect on 

all efficiencies  for confined concrete columns. 

3- As a general rule , for  rectangular section reinforced concrete columns as the 

rectangularity  (t/b)   increases,  the axial nominal stress, the axial nominal strain, the 

modulus of elasticity  and the modulus of   toughness are increased by the  confined one 

layer  and two layers  are decreased . 

4-  For confined R.C. columns, strength efficiency , ductility efficiency, stiffness efficiency  

and the absorbed energy efficiency decreases as  (t/b)  ratio increases. However, for 

square R.C.  columns confined with CFRP  where  rectangularity  (t/b)  = 1.00  , all the 

efficiencies are slightly higher  comparing  with that  rectangular  R.C.  columns having  

rectangularity  (t/b)  = 1.56  for two reasons namely : a) although the volume of  CFRP 

was constant , but the free spacing between strips are less for  rectangular sections  than 

that for square sections .  b) the rectangularity  for rectangular section  (t/b) ratio was 

1.56  and it is not large enough  than that for square sections . 
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5-  For rectangular R.C.  columns confined with CFRP  , the percentage  of average of 

efficiencies  decreases  with 25 % and 48 % for rectangularity  (t/b) = 1.56 and 2.56 

respectively  than that have rectangularity  (t/b)  = 1.00   

6- For rectangular R.C.  columns confined with CFRP partial wrapping,  the max. of ( t/b) 

ratio was 4.00  when the average of  efficiencies are vanishing. 

7- The predicted results concerning the load carrying capacity of rectangular  R.C. columns 

strengthened with wrapping CFRP sheets obtained according to the proposed modified 

mathematical model showed a considerable approach to the results obtained 

experimentally where the ratio of obtained experimentally to that the predicted  

maximum load of the strengthened columns by Saadatmanesh expression (Pmax .exp / 

Ppr. ) ranged between 0.979 and 1.070  . 
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دة  الخرسانية  بعض العوامل التي تؤثر على السلو اإستاتيكي لأع

سلحة صيرة  ال ستطيلة ال طعال حاطة بألياف الكربو  ال  وال

 لخص:م      
ي  س مع ل  حث تم ع ل ي لأع   في ه  تي إست لس  مل ع  لع ي تأثي بعض  ل

ي  ست ل ح   س ل ني   س عل ي   ل لي ل ني  ب ل ف  ألي ئق  ق ح ب  Carbon Fiberل

Reinforced Polymer Sheets    جزئي ضي  ق ع ص نت   )  Wrapping) Partialل ء ك س
µح   f =  0.14% )  (  تين µأ  f = 0.28% ) (   ن ني في ص ك س ل أع  ح  ع  س

ء تغي نس  كز في ض ل م لك تحت تأثي ح لع    ع ع   جي م عخ ل  t/b ) ( أبع 

 ratio ن س ت خ ي ل ق.  C 200  ع ء  س كف لك تم  م   ست ل ي  لي ل ني  ب ل ف  ألي ئق 
م  ل ج ن كل من )  لي  - Strengthمن  ن  -  Stiffnessلصاب   - Ductilityل ت ل

Absorbed energy   ي أع 9( لع ع مست ع متغي  ) ل  12.5 52و 61  52و52 ق

ل 25و ح  تس  سم( مع ث مس cmع 
نت نس  422  2 ت  H/Dك ل أع  يع  بت ل ث

لع  Hحيث  لع     D تف  لصغ ل  ع  ل مح تم  .ل ئج أقص ح ن نت لك تم م ك
ضي ي ل ل  ل ب ع ل يه ب لت      Saadatmanesh Expressionلحص ع ً ع  س ل يعت أس

م ضي ) ب لع إج  ن تحت تأثي  س ب Lateral Stressesل ل ف  ئح ألي ل عن ش ت ل  )
ك  ل في ت ت ل لفع  إج  س ع  ضي تعت أس لع إج  .  ه  ع حزم ل ل ي  لي ل

ت ب ح ل ت ل ي  ي لت ضي  ي ل ل  يل من  ئح. ه ع ق يح لش لتس ل في  ت ل لفع  إج 
ي  ي لت ل  يق ه  قع بت ت ل ئج  ت ل ن  (  ل ي لي ل ب  ل ف  ئح ألي جي )ش ل ضي  لع
ل.   لع ي من خا ه  لحص ع لتي تم  ي  ع ل ئج  ت ل تت  لتي أث ي  ل ئج  ت ل ي مع  فق ك ا تت

ق لغي  ئج  ت هل ل ل أنه تم ت ح تعز  ت ل ي  ي لت ل  ست  ي ب لحص ع ن  لتي أم ي 
ن (  س ل ت  ل  يل  ي ) ع س ي لت ا  ع ل ك  ست ت ن معي ع  لتي  ،بي ئج  ت ل يل  بتح

ت آاتي : ست ن  ي أم ي مع لحص ع   -تم 

  أع م في  ي بص ع ست ل ح   س ل ني  س ل ع   ني (  ل ب ل ف  ألي ئق  ق ح ب ل (
ن  ت ل ي  مع ن   ل ي  مع لي  ل م   ل ي كل من  ني في  ب ل ف  ألي ئق  ق ت  ه س

لغي مح  ت  ي ح عن م  .بص م

   ي ف   مع  ألي ئق  ق ي ب لت ين ع   ل  ت لش ي  ست ل ح  س ل ني  س ل ني لأع  ب ل
ن  ل ي  ع ً ل ي ي نس ن  ت ل ي  مع لي  ل م   ل ل من  ح  ل ي م   .أ ه 

  ي  نس ست ل ح  س ل ني  س ل ني لأع  ب ل ف  ألي ئق  ق ي  ب لت ء  بت كف أبع ت
بع  (t/b  ratio = 1.56 ) عل ل لع  ع نس  حيثمن  ل غم  ( t/b  ratio = 1.00 )أبع  ل ع 

ئيسيين ه : ين  لك لس ني  ب ل ف  ألي ي ب لت م   من ث ح

جي   -6 ن خ لتي في ص ك ني  ب ل ف  ألي ئق  ق ي  ل ي ل ف  س ل  .ت 

ع نس  -5 ل ً  أبع  ي  .  صغي نس

  س يلل ست ل ع  ل ني  ratio  (t/b)  أبع  ب ل ف  ألي ئق  ق ء  ضح ع كف حيث أ   ,تأثي 
ي  ً مع  سي سب ع ني تت ب ل ف  ألي ئق  ق ء  عأي ك   نس  .س لكف ل ل  أبع  ت

ني ب ل ف  ألي ئق  ق ء  ً كف ح ض   . بص أك 
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  ف ألي ئق  ق ست  ي ب لت ح فإ أس  ل أع  ضح في  ل ن  ت ل ي  ن لزي مع
أح  ي  ل لزا  ل  ي م مي ي ض أح  ع ل ش  ل ً في  تأثي ئ  ني ي أك ف ب ل

ت   .   ل

    لحص لتي تم  ئج  ت ي ل تت ت ك ضي أث ي ل ل  يق  ي بت لتي تم   ع ب  ل ئج  ت ل
 ً ي يه مع ي  لحص ع ي لت ن  س ل ت  ئج   C 200  strength )  Normalل ت ل حت ه  ت  )   

( Pmax .exp  / Ppr.) 97.9  ) :107.6  )  %   م بين  %     


	Changing  social  needs, upgrading of design standards, increasing safety requirements and deterioration are some of the reasons that make the existing reinforced concrete structure ( such as bridges and buildings) need to be strengthened or repaired ...

