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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

Cross- Longit. Lateral % of
Col. Strengthening H Grade of
Parameter Shape section steel steel Confin. (thb) concrete
Constants
designation System cm
dim. (%) W %) uf % kg/cm
20 x 20
Bs 1-0 - - 120 1.00
cm
16 x 25
Cr1-0 - - 96 1.56
cm
®
'z 125x32
Gr1-0 = 75 2.56
5
= cm
=
g
P g 2020 1 layer,5 strips 0.14
5] 3 o
Bs 1-1 ’5 & 5 & 120 1.00
-] s 3 S @
2 5 2 cm & e b= 11cm %
g 2 £ ~ -
£ z 3 - " I
@ <
2 2 & , ]
2 k= = ©
% E] 16 x25 ~ 1 layer, strips 0.14
5 g
cri-1 < 5 g 96 1.56
'%) 2 cm br=8 cm %
&
2
]
a 1 layer, 5 strips 0.14
Gri1 = 125 %32 75 256
cm
b=5.5 cm %
20 x 20 2 layers,S strips 0.28
Bs 1-2 120 1.00
cm br=11 cm %
16x25 2 layers,S strips 0.28
Cr1-2 96 1.56
cm b=8 cm %
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Col.

Parameter

Constants
designation

Cross-

section

dim.

Longit.

steel

(%)

Lateral

steel

(™ %)

Strengthening

System

% of
H Grade of
Confin. (th) concrete
cm

% kg/cm2

Gr1-2

12.5x32

cm

2 layers,5 strips

b=55 cm

0.28
75 2.56

u= (A,/A,) % 100 and = (V,/Vc)x 100 Where

(b+t)><2><bf X1, xn
bxtxS§

(for square and rectangular cross-sections ) -

Where, u = percentage of longitudinal steel reinforcement, u* = the percentage of lateral
steel ( stirrups), u,= the percentage of confinement, A, = cross-sectional area of
longitudinal steel reinforcement, A. = cross-sectional area of concrete, V;, = volume of
lateral steel reinforcement, V¢ = volume of concrete, by = total width of the bounded
CFRP, t; = CFRP thickness, n = number of layer of CFRP, b ,¢ = 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” 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’ 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’.

- 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® . 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 / m® ) 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]
Tensile . ;
Modulus of Elasticity strength Ultimate Thickness Weight of
(kg /cm®) strain 2
ke / em? X (mm) CFRP (g/m”)
2380000 43000 1.8 % 0.131 230+ 10

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 ( BsI-0), ( Cri-0)

and ( Grl-0), see the following photos

———| 12000 tm

-5
20 om 16 on

"
N
"
E

I Fig. 1 Remforced concrete columns - recianguicar section |
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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
CFREP strips of one layer and two layers (BsI-1), (Cr 1-1), (Grl -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) .

1000 I |
900 —&—Bs 1-1 confined 1layer R=1.00

~ —+—Cr1-1 confined 1 layer R=1.56
g 800

5 —&—Gr1-1 confined 1 layer R=256
M 700

©

2 600

12}

g

A 500

Té 400

e |Bs 1-1]

o [

Zz 300

G 200 R.C. column
o] c
< rectangular sectio

100 Group G ( C200)
0 I
] 0.0n& 0o 0015 nn? 0025 003

Axial Nominal Strain (g)
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 ( {; ) which is represented by the percentage of increase of axial
nominal stress .
- Ductility efficiency ( {2 ) which is represented by the percentage of increase of axial
nominal strain .
- Stiffness efficiency ( {3 ) which is represented by the percentage of increase of
modulus of elasticity.

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 2, March,
2013, E-mail address: jes@aun.edu.eg



405
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

- Absorbed energy efficiency ( {,; ) 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 1) :

Fig. 4. shows the relations between ( (1 )value against ( t/b ) ratio for all cases
confined R.C. rectangular columns, the relations can be best represent by the following
equations :

£1=41.57-9.782 (t/b) ............. (1) ( for rect. R.C. columns confined 1 layer)

£1=61.42 —13.57 (t/b) ... .........(2) ( for rect. R.C. columns confined 2 layers)

From the above equations , the value of ({1) 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 .

1000 I I
900 —8—Bs 1-2 confined 2 layers R=1.00
300 —&—Cr1-2 confined 2 layers R=156
“‘E —&—Gr1-2 confined 2 layers R=256
R3] 700
v
B 600
% 500
2 400 ]
= |Bs1-2]
= 5 —
g 300 Cr1-2]
z 200 Gr1-2 R.C. column
£ rectangular
< 100 seclions | |
Group G ( C200)
0 1
n nons nm nos nno nnos nna

Axial Nominal Strain (g)

Fig. 3. Relation between axial nominal stress and axial nominal strain for
different rectangularity of rectangular R. C. columns confined two layers
(Group G- C200)
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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

g 52 O B= S=2 2= = - 8«20 2.3
E 2 g9t o FE O ESs §SE s £ ! 85Uz, o E9%
o 5 g S84 S8 5RZ_E§8%.2 2 * §5B-28 T foC .2
2 3 & EREs T B35 S430Sdwc:E & [ S3z3s = 52§ S8
S S EESf 2 3g- sEfTsESTE M P ®ES3F T 83L 23
g g w2 3% 52 Z3
Bs 1(; 100 250 °'°°§ ; - 219x10° - 05068 -
Cr 10' 100 250 0'00725 ; - 218x10° - 04960 -
Gr 10' 98 245 0'003 : - 2.18x10° ; 0.4471 ;
Bs 1- 0.007 171. s 164 314.
;12 3% 73200 iy 25510 L 20096 S
200
G Crl- 0.006 118. ;110 203.
;126 315 772600 o 242x10 o 15035 -
Grl- 287. 85.1 235 156.
;ous 5 0.005 17.30 ; o 779 e %
Bs 1- 0.009 250. s 242 503.
, 148 370 s 4800 b 272x10 L 3.0607 5
Crl- 0.008 194. ;215 357.
5, 140 350 L 4000 <, 26510 L 22639 =
Grl- 312, 0.006 137. ;123 260.
5, 125 5 0 2155 Gy 245x10 L 16136 5
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120 .
+ confined 1layer

100 Econfined 2 layers

80

60

{1= 61.42-13.57C

40 44— {1= 4157-9782C

20

Streneth Efficiencv (C1) %

0 0.5 1 1.5 2 2.5 3

(t/b)ratio
Fig. 4. Relation between efficiency({1) and rectangularity (t/b ) ratio

- From point of view of strain (ductility coefficient £2):

Fig. 5. shows the relations between ( (2 )value against ( t/b ) ratio for all cases
confined reinforced concrete rectangular columns, these relations can be best represent by
the following equations :

2=214.80 —52.66 (t/b) ...........(3) (for rect. R.C. columns confined 1 layer)
2=314.40 —70.66 (t/b) ...........(4) ( for rect. R.C. concrete confined 2 layers)

The value of ({2) 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 £3):

The relation between ( {3 ) 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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3=20.72 - 5.265(t/b) ........... ) (for rect. R.C. columns confined 1 layer)
3=32.64-7.777 (tb) ........... 6) (for rect. R.C. columns confined 2 layers)
600 | I
o confined 1 layeer
500
mconfined 2 layers
400
300

[22=314.4- 70.66(tib) | l\
200 |

Strain Efficiency ( (2') %

I ..""‘-...____.
[22= 214.8-52.66(tib) | *\\ \
N-___ i
100 ——_p
0
[1] 0.5 1 15 ? 25 3

(t/b)ratio
Fig. 5. Relation between efficiency( {2) and rectangularity (t/b ) ratio

The value of (3) 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 toughnesst4):

From Fig. 7, the values of the efficiency ( (4 ) measured by modulus of toughness,

decreases with the increases of ( t/b ) ratio, these relations can be best represent by the
following equations :

(4=386.4—-94.80 (t/b) .............. (7) (for rect. R.C. columns confined 1 layer)
4= 628.0 — 148.80 (t/b) ............ 8) (for rect. R.C. columns confined 2 layers)

The value of ({4) equals zero when ( t/b ) ratio equal = 4.10 and = 420 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 .

100

90

80

70

60

50
40

+confined 1layer HEconfined 2 layers Ii

30

[13=32.64- 7.777(th) ]

20

—

Modulus of Efficiency ((z) %

0

10 1

{3=20.72-5,265(t/b)

0.5 1

15 2

25 3

(t/b)ratio

Fig. 6. Relation between efficiency( {3 ) and rectangularity (t/b ) ratio

1750

1500

1250

1000

Ffficiencv

750

500

250 1

+confined 1layer

Econfined 2 layers

| [74=1628.0-148.8(tib) L\

-h-‘
[24=386.4 - 94.80(tb) | T o ——
’ F Y
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2.5 3
(t/b)ratio

Fig. 7. Relation between efficiency({4) and rectangularity (t/b ) ratio
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Table 5
Comparison for all efficiencies of different Rectangularity ( t/ b)ratio

=
£ . g 5 s - 3 _ . _ _ & 5
2 E 5 2 5 EES sz 3z E > sy ®z Sy B
s © g E 3 g S8 2 B Z g °3 S
& © = 2 g . g 2 g g 3 °
= S = S = S 3 3
b ] 3 3 b ] 3
#1,
Bs 32.0 171.4 16.4 314.2
00 1-1 0 - 2 - 3 - 8
o
2
=
m
L5 Cr 5 26.0 18. 118.1 31 11.0 33.0 203.1 3. 29.5
6 11 0 75 8 05 0 4 2 36 5
25 .
Gr 17.3 45. 85.18 50 779 52.5 156.4 50. 49.6
6 1-1 0 93 : 30 : 8 0 23 8
*1.
Bs 48.0 . 250.0 ) 242 . 503.9
00 1-2 0 0 0 2
§
F
<]
LS o e 400 16. 1945 2 215 109 1575 2. 197
6 1-2 0 66 4 18 5 5 ) 05 1
25 Gr 275 42. 137.0 45 12.3 48.9 260.9 48. 46.2
6 12 5 60 3 18 6 2 4 21 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 f,. 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 P, 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) one layer two layers % of average decrease
Rectangularit ( partially ( partially of efficiencies

y wrapping ) wrapping )

1.56 29.55 19.71 25

2.56 49.68 46.22 48

( Rectangularity = 1.00 as a control)
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Table 7
The max. of ( t/b) ratio of rectangular reinforced concrete columns when
efficiencies are vanishing

(©) CFRP Max. Max. Max. Max. Average

Grade system ( t/b) ratio ( t/b) ratio ( t/b) ratio ( t/b) ratio max
of concrete when ({1=0) when ((2=0)  when ((3=0)  when ({4=0) ( 1) :
One 4.20 4.10 3.95 4.10 4.10

layer

200

Two 4.50 4.40 4.20 4.20 4.30

layers

P[I]BX,S = fCC AC +fY AS
)

where A, is area of concrete cross-section, f,.” is confined concrete strength, A, is
area of longitudinal reinforcement and f; is the stress of longitudinal reinforcement
corresponding to the maximum load of strengthened column P ..

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 ke, < 1.0.

fl =0.5 kezpf ff (10)
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Unconfined concrete rc

d d

FRP

y

v
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:

&) b +d?
A=yt L (a1

Where ,, is the clear distance between the rounded corners. Considering the ratio
(Ac —Au) / Ac, the confinement effectiveness coefficient Ke2 is given by:

b’2 +d’2 (12)

Ken=1- 3A,(1- py,)

The lateral confining pressures induced by the FRP wrapping reinforcement on a square
or rectangular cross-section are given as:

O = Ken&; WK pp=p, K.E, (13)

. 14
O-k)' = Kcon[vgf Wlth Kmnfy = ph Ke Ej ( )
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Where the ratios ps and pg represent the quantities of transverse confining
reinforcement in the x and y direction and are given by:

2bft

= d = 15
sd PEPyT b (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 k.; <
1.0.

J1=05 k,k p, f; (16)
Where

Kk 1. b?+d? (17)
e2 3A,(1-py, )

For rectangular columns confined partly wrapped, the partially wrapping coefficient
K¢; can be calculated as follows [ 6 ]:

L A (]_ 2(:24)](1_2(1:24)] (18)

e3 A 1- psg

.

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 f,.~ was derived
directly from the maximum effective confining pressure f; with,
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fe=To [2.254W —2.0}{’ - 1.254} (19)

where f, 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 (P,,) according to Eq. (10) for rectangular reinforced concrete columns
full wrapping and Egq. (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 (P, .,/ Py )
ranged between 0.979 and 1.070 .

fe i fe
O l | 4_%3
o | Ga=oa=l; t || " !
o o ——— c i
‘ |-
| 0 ~0.05 =
£ | Ourffen = Ges/eo
o fl I |
1
l Unconfineg  Fraclure confining |
i t reinforcement {
o | i i i
Eos Eec Egcy Ee

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

Experimental Saadatmanesh Expression
z
g Results Results Pruax ex £
S K g
s E)
Py wexp o /P, % E
5 e S
fee kg/em' Puaxct Prnaxa kefem® Py ton Porer Pora
ton
Bs 1-0 100 250 - - 104.1 - 0.961
Cr1-0 100 250 - - 104.1 - 0.961
Gr1-0 98 248 - - 104.1 - 0.941
Bs1-1 132 330 1.32 252.83 1253 1.20 1.070
200
Cr1-1 126 315 1.26 252.56 125.2 1.20 1.006
Gr1-1 115 287.5 1.17 226.04 114.6 1.10 1.003
Bs1-2 148 370 1.48 297.40 143.1 1.37 1.034
Cr1-2 140 350 1.40 296.93 142.9 1.37 0.979
Gr1-2 125 3125 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 (P, .,/
P, ) ranged between 0.979 and 1.070 .
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	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 ...

