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Abstract-- The Carbon Fibre Reinforced Polymer (CFRP) have
been increasingly used in concrete construction as the
confinement of RC columns. The purpose of this program is to
investigate the effect of CFRP material as external
reinforcement. Compressive strength analysis is done by
creating several column interaction diagram in order to
describe the column interaction diagram that does not have
confinement, column confined with transverse reinforcement,
column confined with transwverse reinforcement and CFRP
tensile, and interaction diagrams for columns confined with
transverse reinforcement and the CFRP tensile-compressive.
Analytical results obtained from the increase in maximum
compressive axial force between the column that are not
confined to the column confined with transverse reinforcement
is 16.75 %, the column that are not confined to the column
confined with transwverse reinforcement and CFRP tensile is
64.61 %, and the column that are not confined to the column
confined with transwverse reinforcement and CFRP tensile-
compressive is 92.74 %. This analysis indicate that the effect of
CFRP confinement can increase the strength significantly.

Index Term-- Column, CFRP Confinement, column interaction
diagram, maximum axial compression.

I INTRODUCTION

The world's progress fairly quickly followed by an increase in
population resulted in a prominent increase in the use of
concrete, as in the works of construction of buildings and
transportation facilities such as bridges, highways and other
work. The factors that make concrete are widely used as
building materials such as: easy to set up, relatively high
durability against fire and weather than steel, has a high
compressive strength and most of the constituent materials
are readily available at the location, and can be obtained
cheaply . Nevertheless, the structural concrete also has the
disadvantage that the low tensile strength and are brittle so it
should be anticipated.

Along with the development of science and technology
field of materials specifically for concrete structural
components, it is also developing technologies such
confinement reinforcement. One confinement reinforcement
technology rapid development is the use of polymer fibres are
known as term fibre reinforced polymer (FRP). The CFRP
material has certain advantages, among others has a very high
tensile strength and it’s very light weight so as to facilitate
installation. The CFRP material is appropriately applied to a
column structural elements known to be very sensitive when
exposed to the load. Columns are a dominant element of
construction that accept axial loads. In fact, in addition to
axial load centric column also accept the load caused by the
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bending moment. To maintain the stability of the structure of
the column then an alternative solution is given externally
confinement in order to achieve the maximum load the
column without experiencing a sudden collapse due to
excessive load.

The model of external confinement is intended to
increase the lateral stress that add strength and slow the
process of the collapse of the column cross section, so that the
collapse in the ductile range. The greater the quantity of
lateral reinforcement is installed, then the increase in the
strength and ductility of the column will be higher. in addition
to the column should be guaranteed strength, the column must
be able to dissipate earthquake energy well that his form is
the ability of the ductility of the column should be higher so
that the planning column design requires a more robust and
has a higher ductility structures. One of the design structure in
fields of rapid development today is the use of CFRP material
as confinement externally applied to the column.

Il.  DEVELOPMENT OF CFRP CONFINEMENT

The development of materials for concrete confinement
is growing very rapidly. One result of technological
developments is the use of the material is composite fibres for
external confinement and repair of concrete structures on
components. The results showed that the use of these
composite fibres enhance and improve the mechanical
performance of concrete structures and components.

Studies Fam and Rizkalla (2001) showed that the use of
FRP materials increased columns component stiffness, and
more thick FRP materials are used, increasing the strength of
the column components. Additionally Fam and Rizkalla
(2001) recommends the need to further study conducted to
assess the effect of bending moments and shear on the
behaviour of columns confined with FRP. The results are
quite important from the research Fam and Rizkalla (2001) is
a proposed form of constitutive relations field components
using the FRP material.

Effect of confinement parameters of high quality
concrete columns given concentric loads using FRP has been
investigated by Mirmiran et al. (1998). The study concluded
that the circular confinement has a ratio modifications
confinement (Modification Confinement Ratio MCR) which
is better than the square confinement. Effectiveness was
measured using the confinement that MCR is a function of
the angle and strength of FRP radius. It is also concluded is
the ratio of height to diameter also affects the behaviour of
confinement, the ratio of 2:1 or 5:1 did not significantly
affect the strength and ductility of the section. Furthermore,
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also concluded that the bonding adhesion between the
concrete with FRP does not affect the axial capacity of the
column.

Li et al. (2005) says that the use of FRP column covering
concrete is an effective method to increase the strength and
ductility of the column cross section. Other than that obtained
also concluded that the thickening veil of FRP increases
lateral confinement stress leading to increased confinement
stress better. More information is also presented that the
mechanism of concrete stress-strain relationship confined
with FRP depends also on the strength of concrete is not
unconfined, the normal quality concrete after post-peakstress
seen strain hardening phenomenon, while the high quality
concrete phenomena are weaker strain.

Moran and Pantelindes (2002) developed a model of the
behaviour of the compressive component were given a FRP
material confinement, the model proposes a parameter that
can represent the behaviour of the plastic confinement known
as strain ductility ratio.

Carey and Harries (2005) showed that the use of FRP
confinement is more effective at normal quality concrete and
less effective for high quality concrete due to brittle nature of
concrete. However, that also described the properties of
concrete are not significantly influence the stress-strain
behaviour of FRP confined concrete but rather the properties
of FRP sheet has a significant effect. In addition, the results
of this research also recommends some important things that
efficiency parameter of FRP confinement (L!/ ), recommends
using a formula Saafi et al (1999) to calculate the unconfined
concrete peak stress and the peak strain using the equation
proposed Delorenzis and Tepfers (2003). Finally, for
practical needs recommended that limit stress of 0.3 f'c.

Braga et al. (2006) proposed a model of analytical
columns confined by FRP based on the theory of field strain
elastic. The model can be applied in addition to structural
components confined with FRP, also can be used on type of
different confinement such as the transverse reinforcement or
carbon fibre. Matthys et al. (2005) also did extensive research
on the behaviour of the structure of the repaired columns
using CFRP. The conclusion of the research that by using
CFRP materials in column structure significantly damaged
can increase the capacity and strength of the column
structure.

M. CONFINEMENT MECHANISM
Confinement provided by the FRP mechanism similar to that
posed by the confinement of conventional reinforcement, it's
just based on a number of studies it appears that the
effectiveness of FRP produces a better confinement. When a
cross-section of reinforced concrete will be approach to full
strength before the steel melting, The cross section also
increased axial deformation and lateral direction, the next
section will be destroyed.

Furthermore, to delay the destruction of the cross
section of concrete is commonly used restraint techniques at
its core. One form of confinement is considered good by
conventional reinforcement, FRP or CFRP because it
provides the ability to absorb a considerable deformation
before the collapse of the column cross section (Priestley,
1981), adequate ductility and increase the capacity of the
core by an amount equal to the capacity of the cover, so that
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will maintain the capacity of the melting column at chipped
concrete covers. The mechanism of the process of
confinement can be seen in Fig. 1, which is drawing free-
body diagram mechanism of confinement forces on the cross
bar, if the spiral cross bar put at a distance (pithch) s.

A
A
A
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Fig. 1. Confinement mechanism
Based on the studies (Richart et al., 1928; Martinez, 1984)

with the confinement would be obtained on the compressive
strength of concrete core of column.
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Confined stress (fl) is calculated assuming that the
reinforcement confinement has reached its melting stress (fyn)
when the column failed. Based on Fig. 2, to obtain the
amount of lateral confined stress on the core concrete
produced by the confinement of reinforcement, then the
algebraic sum of these forces,

2A, f,=d sf @
. 2A,

fj =———= 3
| ds ©)

The volumetric ratio of reinforcement is defined as the
ratio of the confined reinforcement volume of the concrete
core volume, namely:

V
pi=" @
zd
L A ©)
“xd?s
4
psd s
Ap=— ©)

4

Substituting equation (6) into equation (5) is obtained

fII:O15ps fyh (7)
or

fl‘:pc fyh (8)

Based on the principle that the strength of concrete core

endure axial force must be equal to or greater than the power
of concrete cover is defined by,
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It's just that along with the development of research
utilizing FRP confinement, then the parameter f’; (confined
stress) for different FRP confinement cases using
conventional reinforcement. lllustration of comparative use of

the material is shown in Fig. 3.

Fig. 2. (a) and (b) Confinement with FRP jackets,
(c) Convensional confinement

ol

(a) (b)

\V FRP CONFINEMENT MODELS
Model of Mander et al. (1988)
Mander et al. (1988) proposed a formula for round column to
the effects of FRP confinement namely:

froc= fq | 2.25 10 PR | 20P 4 o5 g
f'c f'cp

Where confinement stress formula is:

(11)

Model of Mirmiran et al. (1998)
Mirmiran et al. (1998) proposed MCR parameters for circular
confinement by using of FRP material are:

f
MCRz(ﬁj—f (12)
D)f,
With
i _2h (13)
"D
The increase in strength of ultimate column due to

confinement of FRP are :

% =0,169In MCR +1,32

when MCR < 0,15 (14)

and ultimate strain is :

2
6, =6 00529 = | 05214 £ | 18506 (15)
D D

further that the addition of strength due to FRP confinement
is
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f,=f,+E,s, (16)

Model of Bisby et al. (2005)
Bisby et al. (2005) proposed a formulation increased strength
due to FRP confinement is

f.="f, {1+ K, ff—'} 17)

co

0,14
f
k,=3,7| —
' ( foo j

while the strain at peak stress of concrete section is

Eq =&, +0.00 M (19)
df

co

with

(18)

Bisby et al. (2005) proposed to use the equation Karbhari and
Gao (1997) or Spoelstra and Monti (1999) for FRP
confinement, one of the ed@itions Karbhari and Gao (1997) is

fee = foo +3,1fc'0vc§ﬂ+m (20)
d E

d

C

Model of Li et al. (2005)
Li et al. (2005) proposed the addition of strength due to FRP
confinement is

fg = oo+ 1,° (21)
Subsequent constitutive equation for the area of ascending

branch, region 1) is

f.=Asg?+Bg, +C (22)
while in the area of descending branch, region Il is

fc = fclI {1+ [ﬁJ} when g > €’
gcl

()
with
n=01+ 0,075[:—!j (24)
or
fI
n=016 — [-0135 (25)

Model of Carey et al. (2006)
The increase in strength of concrete column due to
confinement by using FRP is

0,84
f—C? =1+2,2 ﬁ
f f

c

(26)
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whereas strain when at the time stress is

0,8
£ f -
e =1+26,2 -2 | E;M (@)
£ f,
Furthermore, the formulation of Shawn et al. (2006) consists
of four quadrants, but is commonly used is the equation that
represents the quadrant is

c

f. & n
= | @
cc cc n_1+[6‘cj
Ee
with

f \f~
k=|067+-—"= |-—°2>1 (29)

62 ) f
n= E, (30)

Ec fcc
&

f
—-0,004+09p. | -1 31
Eq psLO(J (31)

V. METHODOLOGY PROGRAM
In this paper we will analyze the circular concrete columns
using transverse reinforcement and CFRP material as a
confinement by connecting a experimental results formula
which is done by researchers associated with confinement by
using transverse reinforcement and CFRP material.
According to the researchers that the confinement by using
CFRP material as external confinement can have a significant
effect in increasing the capacity of the column compared with
no use of transverse reinforcement and the CFRP material.
Research of confinement with transverse reinforcement have
been carried out by researchers, but lately also growing use of
composite materials is CFRP material. Mander et al. (1988)
has conducted research of confinement by proposing the
formulation of the circular column. Mirmiran et al (1998)
conducted a study for circular confinement with proposed of
MCR parameters (Modification Confinement Ratio), Bisby et
al (2005), and Li et al (2005) also conducted a study on
reinforced concrete columns that use CFRP material as
confinement. According to the researchers said that the effect
of transverse reinforcement and CFRP material as
confinement will provide increased a column strength
significantly. To determine the effect of CFRP confinement in
the column, so in this paper will be analyzed a circular
column to produce 4 analyzes the interaction diagram,
including unconfined diagram of column interaction, diagram
of column interaction confined by transverse reinforcement
and CFRP which only takes into account strength of its
tensile, and diagram of column interaction unconfined by
transverse reinforcement and CFRP material, both of tensile
strength and compressive also taken into account. The
discussion is done by looking at the capacity of the column
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that occurs in the maximum axial, balanced axal, balanced
moment, moment of pure bending, and minimum axial.

In the program of this analysis are used a circular column
to know the effect of confinement on CFRP material
externally with the data used are the dimensions of the
column with a diameter of 300 mm, compressive strength of
concrete (fc) was 23 MPa, the amount of longitudinal
reinforcement were 6 pieces, diameter of longitudinal
reinforcement was 16 mm, diameter of transverse
reinforcement was 10 mm, fy longitudinal reinforcement was
400 MPa, fy transverse reinforcement was 240 MPa, Es 2 x
105 MPa, the spacing of transverse reinforcement was 100
mm, thick of concrete cover was 40 mm, thick of CFRP layer
was 0.5 mm with high modulus of CFRP was 5490 MPa, and
elasticity modulus of CFRP was 3:29 x 105 MPa.

V1. ANALYSISRESULTS
In analyzing this program, there are some things to consider
such that the tensile strength is only borne by the steel and
CFRP, while the tensile strength of concrete is ignored.
Compressive strength contributed by steel and concrete to
interaction diagram that only take into account of CFRP
tensile strength. while for interaction diagram that takes into
account the compressive strength of CFRP, so the
compressive strength contributed by the reinforcement steel,
concrete and CFRP in the compressive area. Stress concrete
used is equivalent concrete stress by SK SNI T-15-1991-03
on section 3.3.2 item 7, which states that the stress of
concrete fc shall be assumed uniformly distributed in the
region of equivalent compressive which is limited by the edge
of the cross-section and a straight line parallel to the neutral
axis distance of a = f;.c of fibre with maximum
compressive strain, where ¢ is the height of neutral line, then
the distance c of the fibre with the maximum strain to the
neutral axis must be measured in the direction perpendicular
to the axis, and the value [5; = 0.85 for f'c < 30 MPa and
reduced by 0.008 for every increase of 1 MPa , but ,31 not be
less than 0.65
The results of the column interaction diagram

calculations shown in tables I. These results were obtained by
performing the calculation of main points in the interaction
diagram of the column. In this paper used an equivalent
rectangular cross section of the column is obtained from the
transformation of circular columns. In the drawing is done by
giving 4 as a main point of reference, the maximum
compressive axial point, the point of maximum tensile axial,
balanced point and pure bending point. In the drawing of the
interaction diagram of the column is required at least four in
points of reference, namely :
- Determination of the point Po, with the maximum

compressive axal.

At this point, concrete, steel reinforcement, and FRP

contributed to the strength of concrete that has

compressive overall.

Py =085xf'c (4, — Ay) + frrxAy
0.85 x 23 (70650 — 1206) + 400 x 1206
1840030.20 N

P, max = 0.85 x 1840030.20
= 1564025.60 N
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Determination of the point Po, with a maximum tensile
axial Mn=0
T = fyl X Ast

=400 x 1206

=482400 N
Determining the point of balanced
At this point, Mng ianced ‘Psaiancea @nd the maximum
tensile of the outer fibre of concrete is not confined
concrete (€.oncrete) 1S 0.003, The outer reinforcement of
steel is considered to have experienced melting so that the
strain ( (g5¢ee;) IS 0.002.
Furthermore, the calculation of the balanced neutral line
calculated using the formula triangle thus obtained C,=
109.20 mm. Further calculation of strain and stress of
steel, and the forces that occur in the column. The results a
forces of column as follows:
C,=085fcbp;c
=0.85 x 23 x 294.375 x 0.85 x 109.20
=534182 N
Csi=Ag (fyy — 0.85 fc)
= 603 (400 —0.85 x 23)
=229411.35 N
TS = AS . f.;
=603 x 400
=241200 N
So we get:
Pnb = Cc+ Csl - Ts
=522393.35 N
wo=e oY ealt-a)e m(a-?)
= 80416430.65 Nmm
e = 15423 mm
(balanced condition)
Interaction diagram for the calculation of the transverse
confinement of the column that had done the same with
the columns that are not confined but the concrete
compressive strength and strain are used differently than
before. The results of calculations for the transverse
compressive strength of confinement reinforcement (ficc)
obtained at 28.37 MPa and the maximum concrete strain
(g.,,) Of 0.00426, while the calculation of the interaction
diagrams of columns having transverse confinement and
CFRP (tensile) do the same with the columns that are not
confined but concrete compressive strength and strain are
used differently than before.
The results of calculations for the transverse compressive
strength of confinement reinforcement and CFRP-tensile
(fcc) of 43260 MPa obtained by using the formula
Mander et al (1988) and the maximum concrete strain
(g.c) Of 0.00637 and for the calculation of concrete
confined with transverse reinforcement and CFRP (tensile
and compressive), the calculation is the same as the CFRP
tensile strain in which the compressive strength of
concrete used and each is fcc = 43260 MPa and
€.¢,.=0.00637.

For more details, the calculation of the interaction diagram
for the column is not confined, confined columns with
transverse reinforcement, confined column with transverse
reinforcement and CFRP tensile, confined column with
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transverse reinforcement and the CFRP tensile and
compressive are shown in table I.

TABEL |
COLUMN INTERACTION DIAGRAM CALCULATIONS WITH DIFFERENT
CLASSIFICATIONS IN THE BALANCED CONDITION.

Column
No | Classification Pn (N) Mn (Nmm) | e (mm)
1 Unconfined 52141498 | 8041643065 | 154.23
Confined
2 | transverse 72277579 | 9243213882 | 126.14
reinforcement
Confined
transverse
3 reinforcementand | 12522414 | 275979077.2 220.39
CFRP-tensile
Confined
transverse
4 reinforcement and 1502631.8 308975374.8 205.62
CFRP-tensile and
compressive
From the calculated moments and axial forces to the column
is not confined, confined column with transverse
reinforcement, confined column with transverse

reinforcement and CFRP tensile, confined column with
transverse reinforcement and the CFRP tensile and
compressive, then it can be made with the column interaction
diagram in Fig. 3, 4, and 5.

Pn (EN) == =Unconfined F-M
2000
R i C orffined transv
reinf. F-M
1500

Mn (kNmy)
100000

20 40000 60000 80000

Fig. 3. Detailed F-M diagram for unconfined column and confined
transversal reinforcement

= = = nconfined F-M

=== Confined transv reinf.
& CFRP tensile F-M

\( Point2

1300 S Point2
""'.,_j P Point of Balance
1000 W
)
500 —4.,% Point4 Point4
0 » Mn (ENm)

- 0000
-500
-1000

Fig. 4. Detailed F-M diagram for unconfined columnand confined
tensile
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== g= = Unconfined F-M

sl Confined transv. reinf & CFRP
tensile-compressive F-M

1500 4

Mn (kNm)
400000

300000

Fig. 5. Detailed F-M diagram for unconfined column and confined tensile-
compressive

From the above interaction diagram can be seen that the
difference in the column without the confined with
unconfined transverse reinforcement showed an increase in
strength, it looks a capacity greater than without confined
transverse reinforcement, this is due to an increase in
confined concrete compressive strength (f'cc) of greater value
and therefore contributes to the increase in bearing capacity
of the column axal load and moment. From the interaction
diagram, the values obtained for the maximum axal of
column is not confined is 1564025.6 N, while the value of the
maximum axial transverse reinforcement for columns
confined is 1825930.24 N.

Thus, the transverse confinement reinforcement can
increase the strength of 16.75 %. Furthermore, the maximum
axial capacity of the confinement of CFRP tensile is
2574515.73 N. This value changes due to this condition not
only steel reinforcement giving a contribution for tensile axal
but there are a contribution for tensile axial from CFRP so it
gives increase the strength  of without confined on
unconfined column transverse reinforcement and CFRP
tensile is 64.61 %.

While, on the condition of confined column transverse
reinforcement and CFRP tensile-compressive, the maximum
axial capacity is 8323703.39 N, this indicates that an increase
in the capacity of the column is quite large compared to the
condition of the columns without confinement is 92.74 %.

For the combined column of interaction diagram with
column is not confined, confined column with transverse
reinforcement, confined column with  transverse
reinforcement and CFRP tensile, confined column with
transverse reinforcement and the CFRP tensile and
compressive, the results of the combined difference in the
interaction diagram as shown in Fig. 06 below.

= 4= = Unconfined F-M

==l Confined transv reinf. F-M

e Confined transv reinf. & CFRP

tensile F-Mm
==l Confined transv. Reinf & CFRP

tensile-compressive F-M

a
/ﬁ 200000 300000

-500

1000

500 - o7 Pointa

Mn (kNm)

400000

Fig. 6. Detailed F-M Interaction Diagram of Combination

1214006-9393- [JCEE-IJENS @ December 2012 IJENS

From fig. 04 of the combined column interaction diagram
shows that the differences in values, both axial and moment
capacity. For concrete columns without the confined and
confined column with transverse reinforcement, axial tensile
maximum toward a point, this is because the column is not
confined and unconfined column with transverse
reinforcement, the tensile axial force from steel reinforcement
the attached. While CFRP confined column which only take
into account the tensile strength and The CFRP take into
account of tensile strength and compressive, so the maximum
tensile axial, maximum compressive and increased its
moment, but there are differences in which CFRP tensile
compressive, moments and compressive axial is much
greater its enhancement than confined column of CFRP
tensile.

This is due to the confinement of CFRP tensile-
compressive into account the influence of the compressive
strength of CFRP in the column so it can give an additional of
compressive axial capacity and moment is greater in the
column. While for the tensile axial in the column with tensile
CFRP and the CFRP tensile-compressive in the same into a
larger point from unconfined column and the column is
confined by transverse reinforcement. This is due to the
addition of tensile axial force from itself CFRP confinement
with the steel reinforcement attached, so that the column
capacity of this CFRP will be larger than the other two
columns of interaction diagram is unconfined column and the
column is confined by transverse reinforcement.

VILI. CONCLUSIONS

This study purpose to give an idea of the strength of
reinforcement concrete column when it's given an external
reinforcement by using CFRP material and it’s also give an
overview of the difference in the column analysis that
unconfined column and The column is confined by transverse
reinforcement and CFRP material as an external
reinforcement. Conclusion the analysis conducted showed a
significant increase in strength with increasing of column
capacity by 64.61 % of CFRP tensile and 92.74 % of CFRP
tensile-compressive when compared with confined the
transverse reinforcement and without confinement. This
means that the capacity of the column with CFRP
confinement given able to hold given ultimate load. This
research could be a specific recommendation in planning a
design column.

For the development of further research is necessary to
develop other column models as this study only analyzed for
the case of circular columns. In addition, further research is
needed for full-scale to verify that the columns confined with
CFRP to size of the field can show the same behavior as in
laboratory experiments..
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