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Abstract

The general behavior of the reinforced ceteibeams depends on many variables, including ishiie
quality of the concrete and strength and includhmse on reinforcement type and quantity of reicdonent in
the beam. But there is an important variable winiature of loads application on the beam and typeasf is it
point or distributed. Sometimes the distance betwsants load is variable such as vehicle whedl loacause
each vehicle as different distance between wheels.

In this research, the effect of changingdistance between the points load were studieccampared with
model carrying a single point load at mid spanyafi as studying the effect of the use of carbdreffiwith a
length equal to the distance between the points loa

Theoretical results consists of eight mode¢ése compared in this study with the results of pinevious
experimental results. The study contains a disonssi the general behavior of the beam in additiothe study
of the failure carrying load, cracking load, duttiland the relationship between the stages of Eygualication
and the deflection of concrete beams with and witloarbon fiber sheets.
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1. Introduction
Concrete structural components require the undetstg into the responses of these components triaty of
loadings application.
A simply-supported reinforced concrete beam maypiamnarily- either in flexure or in shear. Faiuin flexure
will occur if the ultimate flexural moment capacisyexceeded at any section of the beam beforeahditions
for shear failure have been satisfied at any sectailure in shear will occur when the limitingesii-moment
capacity is reached at some section of the beanhiah inclined cracks have developed sufficiendyré¢duce
the available compressive area.
Whether a given beam will fail in flexure or in siewill depend on the relative magnitudes of thémadte
flexural moment (Mf), the limiting shear-moment gMand the critical shear(V) at various locatiafeng the
span and on the actual values of moment and shé&aese locations. The relationship between modeaihire
and properties of the beam cross-section and Igaatirangement is illustrated most simply by considethe
hypothetical behavior of a simply-supported beanlastrated in Fig.(1).

The beam shown in Figure (l) is simply-supportedsaend span is assumed to carry two concentiatath
arranged symmetrically about mid span. Only halthaf span is shown in the Figure, The distance fiioen
support to the load is called the "shear-span” iandesignated by the symbol (a). For the partictype of
loading shown, the maximum moment and the maximbeaisboth occur at the location of the load and the
ratio is M/V = a.
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Figure (1) Effect of moment-shear ratioon failuredea
2. Carbon Fiber
Carbon fiber is defined as a fiber containing aste92 wt % carbon, while the fiber containingeatst 99 wt %
carbon is usually called a graphite fiber. Carbiberk generally have excellent tensile propertms,densities,
high thermal and chemical stabilities in the absemd oxidizing agents, good thermal and electrical
conductivities, and excellent creep resistance yThieve been extensively used in composites in d¢he fof
woven textiles, prepregs, continuous fibers/roviragsd chopped fibers. The composite parts can beéuped
through filament winding, tape winding, pultrusi@mampression molding, vacuum bagging, liquid magdiand
injection molding.
In terms of final mechanical properties, carboreffocan be roughly classified into ultra-high magu(>500
GPa), higjl)h modulus (>300 GPa), intermediate mod{(#@80 GPa), low modulus (100 GPa), and high streng
(>4 GPa)".
Ehsan Ahmed et Q. studied the flexural behavior of reinforced caterbeams strengthened with carbon fiber
through an experimental and theoretical study ohetusix models, one without carbon fiber and tienst with
different number of layers of carbon fiber. Theyncladed that there is an increase in member stiffria
addition to improvement in yield and ultimate lod@dother group of researchers (tom Norris et®lsed in
their research different ways to paste carbon fibeoncrete beams to see what is the proper wagdaarbon
fiber for strengthening the concrete beams, All svahowed that there is a clear improvement inytagr
capacity of beams in addition to the improvemerduntility and yield load.
3. Test Program
The experimental work program conducted by Mohamrmad® was selected to validate the simulations
presented in this paper. In his study, two expemi@eprograms were carried out to investigate thlealvior of
reinforced concrete (RC) beams strengthened witRRCfabrics between points load using a wet layuphate
The aim of the research was to study the failuaratteristics, deflection behavior and generalgserance. A
total of six reinforced concrete beams were testeder two points bending with different distancetween
points of loading. In this test program, The vaeslof the beams were the distance between paiats CFRP
bond length (equal to the distance between pod@d)l To simulate the behavior under service, tsbnamed
as (B) was selected. The geometrical propertiesrainforcement details are illustrated in Tableghyl Figure
(2).
Table (1) Experimental Work Variables

Beam No. Distance Between Point Load Length of Gafiber
B1 0 0
B2 20 20
B3 40 40
B4 60 60
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In this study, the main flexural and shear steglfoecements in the finite element models were assiito be
an isotropic linear elastic material until the digloint. The ultimate and yield stresses are surnzettin Table
(2). The Poisson’s ratio of steel was taken asO@8crete properties are selected as (fc'=52.884.ff5 and the
Poisson’s ratio of steel was taken as 0.2).
The dimensions of beams was selected (100x150)mtn 2jidmm at the top ®LO0 at the bottom and
$4@150mm shear reinforcement along the beam.

Table (2) Steel Properties

Bar type Modulus of elasticity Yield strength (fy) Ultimate strength (fu)
(KN/m?) (MPa) (MPa)
Main Reinforcement 200000 484 719
Shear Reinforcement 200000 383 620
| Variable |
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Figure (2) Reinforced Concrete Beam With Loading
4. Finite Element Analysis
ANSYS computer program has been used for the figléenent modeling. Four beams that have been studie
were of a simply supported beamslengthofl.5manaraal00X150mm and loaded with two symmetrically
placed concentrated vertical loads with Variablgtatices between point load, see Figure (3) belalTatle
(3). Table (3) shows the distances between theptmad and length of carbon fiber sheets for eactel.
Model includes linear relationship to the propextigoncrete, a linear bond-slip relation and bilinsteel
properties. The method of load application was iadpincrementally each 2 kN. See Plate below which
represents position of load application and pasitd supports. In ANSYS program symmetry propertiese
applied for the purpose of representation models.

Figure (3) FEM Discretization for a Half of the Bea
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Table (3) Distance Between Points Load

Model Number | Description Distance BetwegnLength of Carbon
Point Load (mm) Fiber Sheet
B1 Without carbon fibef One pointload | -
one point load
B2 With carbon fiber 200 200
two point load
B3 With carbon fiber 400 400
two point load
B4 With carbon fiber 600 600
two point load
B1W Without carbon fibef One pointload | -
one point load
B2wW Without carbon fiber 200 200
two point load
B3wW Without carbon fiber 400 400
two point load
B4W Without carbon fiber 600 600
two point load

5.Material M odeling

SOLIDG5 isotropic element is used to representtrerete material, since it has a capability ohlwacking in
tension and crushing in compression. SOLID65 elérizedefined by 8 nodes with three degrees of beedt
each node; translations in the nodal x, y, andectibns, see Figure below.

LINK8 element (It is a uniaxial tension-compressimember) is used to represent the reinforcing gteain
and stirrups steel material). LINK8 element is defl by two nodes with three degree of freedom et eade;
translations in the nodal X, y, and z directiors, Bigure below.

SHELLA41 element is used to represent the carbar heets. SHELL41 element is defined by four nodds
three degree of freedom at each node.it is a 3eheht having membrane (in-plane) stiffness but erding
(out of plane) stiffness. See Figure below.

Figure (4) Solid 65 Figure (5) Link 8 Figure (6)eii1
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5.1 Real Constants
The real constants for this model are shown in § kelow
Table (4) Real Constant

Real constant| Element type Constant
set
1 SOLID65 Real constant for Real constant for | Real constant for
concrete Rebar 1 Rebar2 Rebar 3
Material number 0 0 0
Volume ratio 0 0 0
Orientation angle 0 0 0
2 LINKS Steel Bar Diameter (¢ 10 mm )
Reinforce-ment Cross-sectional area 78.54
(mnt)
Initial strain (mm/mm) 0
3 LINKS8 Steel Bar Diameter (¢4 mm )
Reinforce-ment Cross-sectional area 12.566
(mnt)
Initial strain (mm/mm) 0
3 SHELL41 CFRP type Fabric
CFRP Shell thickness at nodell 0.1
(mm)
Shell thickness at node|J 0.1
(mm)
Shell thickness at node 0.1
K (mm)
Shell thickness at node | 0.1
(mm)
Element x- axis rotatiorn 0
Elastic foundation 0
stiffness
Added mass/unit area 0
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5.2 Material Properties
The material properties for this model are showiable below:
Table (5) Materials Properties

Material model Element type Material properties
number
SOLID65
Linear Isotropic
EX 34178
PRXY 0.2
Multilinear Isotropic
Strain Stress
Point 1 0.000464 15.864
Point 2 0.001 30.94
Point 3 0.00158 42.83
Point 4 0.0018 45.96
1 Point 5 0.003 52.88
Concrete
ShrCf-Op 0.2
ShrCf-Cl 0.3
UnTensSt 3.64
UnCompSt -1
BiCompSt 0
HydroPrs 0
BiCompSt 0
UnTensSt 0
TenCrFac 0
Material model Element type Material properties
number
2 LINK8
Linear Isotropic
EX 200000
PRXY 0.3
Bilinear Isotropic
Yield Stress 484
Tang Mod. 0
3 LINK8 Bilinear Isotropic
Yield Stress 383
Tang Mod. 0
Linear Isotropic
EX 200000
PRXY 0.3
4 SHELL41 Linear Orthotropic
Ex 234000
Ey 1
Ez 1
PRXY 0.3
PRYZ 0
PRXZ 0
Gxy, Gyz, Gxz 1

6. Theoretical Results
6.1 Failure Load

After the data was analyzed and carefullysatered, it can be said that the collected dathefailure load
obtained from the theoretical solution for all beais1approximately equal experimental load andha&llbeams
failed by flexure. The final loads for the ANSYQiife element method are the last applied load Iséfpre the

solution diverges due to numerous cracks and kéeflections.

Through an extensive comparison betweemnitisepported specimens with carbon fiber and othygparted
specimens, it can be concluded that the speciméhscarbon fiber have failure load more than otsgecimens
without carbon fiber. This can be explained that¢hrbon fibers connecting both sides of the ctagkther and

11



Chemistry and Materials Research www.iiste.org
ISSN 22243224 (Print) ISSN 2225956 (Online) lL,i,!
Vol.6 No.8, 2014 IIS E

delay extension more during the concrete sectionréase in tensile cracking strength of concrete tu
confinement).

Also, the increasing Length of the carbon causesncrease in the amount of carrying capacity énding
stresses, because the increase in length means a®veuch as possible the bending area and areotiedt
more cracks generated during download stages.

The moment generated in the mid length efitbam is the result of multiplying the reactiontlby distance
between the reaction and applied force (couple)eiMihe distance between the two points load ineck#ss
leads to decrease of the distance between thesddplice and the reaction, this leads naturally ttecrease in
couple as a result of decrease in the distanceceetthem, for the above reasons we can say thaidieasing
in the distance between the loading points provitesome extent an increase in carrying capacity fo
specimens.

6.2 Behavior at First Cracking
The analysis of reinforced concrete beams in theali region depends mainly on the appearance oksia
that region where maximum bending stresses arecotrated. As was expected through a comparisondastw
the different beams (different distances betweenpiints of loading), the greater distance betwsants load
delayed appearance of first cracks in the beamsetson for that is as stated previously that tioeease in
distance between point loads means decrease thiecappment on beam for same value of load if comga
with the other models with less distance.
A comparison of values obtained from the FE model axperimental can be seen in Table (6). The tesul
Table (6) indicate that the FE analysis of the beaior to cracking is acceptable.
The first cracks for the beams without carbon fifigtW, B2W, B3W and B4W) were observed at (27.27%,
25%, 26.6% and 26.3%) of the ultimate load respelstiwhere for carbon fiber reinforced beam thetfarack
load was found to be between (13.63% to 15% ) {limate load. There is a 11.5% to 12.8% increase in
ultimate load for carbon fiber reinforced concréeams when compared with beams without carbon fiber
reinforcement. Thus the experimental results shHwaw there is increase in the ultimate load andfiteecrack
load for the fiber reinforced concrete beams.

Table (7) Cracking and Ultimate Load Deflection

Model Load at First Cracking (kN) Centerline Defiea Ultimate load Pe/Puttimate
(mm) (kN) %
Exper. Theo. Exper. Theo. Exper. Theo. Exper. Theq.
B1 6.5 6 0.5 0.33 36 38 18 15.8
B1W 6 0.332 22 27.27
B2 7 6 0.255 0.3175 44 44 15.9 13.63
B2W 6 0.321 24 25
B3 9 8 0.54 0.386 54 58 16.6 13.79
B3W 8 0.392 30 26.6
B4 105 10 0.52 0.414 70 68 15 14.7
B4W 10 0.42 38 26.3

12
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Figure (7)Comparison Between Theoretical Crackifiglding and Ultimate load.

6.3 L oad-Deflection Relationship

The theoretical results for all specimens are digad and compared with experimental results. Fgybeow
contain a load-deflection curves predicted by ANSx®I the test results for all specimens Examined by
Mohammad Z.Y.. The results of ANSYS converge witie thon-strengthened specimens more than other
strengthened specimens with carbon fiber becaus®tofaking the slip between the concrete and Hrban
fiber into account in the theoretical study.

In general, the beams strengthened with carbom fileee stiffer and more ductile than the contra@mens
with a higher ultimate load see Figure (7). In gvstage of loading application, the deflections erduced

significantly thereby increasing the stiffnessttoe strengthened beams.
O
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6.4 Ductility

Ratio of curvature at crushing of concrete to taayielding of steel gives the numerical value ofttility,
known as ductility index.

It can be seen that for a given dimension and gtherihe load versus displacement curves for bpétimens
with carbon fiber and other specimens without carfiber appear similar. In addition, as can be sa€fable
(8) the deflection at yielding and ultimate strénfir beams without carbon fiber appear lower tttaose of
beams with carbon fiber. It has been known thatdiigection ductility,uA, in terms of ultimate deflection to
yielding displacement, is highly correlated to thegth of the carbon fiber sheet. As can be seérabie (8),

14
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the ductility of both types of concrete beams eithabextrusive length effect, i.e., ductility inaise with the
increase of carbon fiber sheets, namely, a strengthbeam performs more ductile.

The effect of increasing the distance between thietp load seemed clear as when you increase istisnde
increases the ductility due to decrease moments#use for ultimate deflection in the beam aufail

Table (8) Ductility of tested beams

Beam No. Deflection at Yield Deflection at Failure Ductility Index
(mm) (mm)
B1 4.16 12.5045 3
B2 4.64 13.4386 2.896
B3 5.09 18.357 3.606
B4 4.97 18.3 3.682
B1W 3.1 5.22 1.683
B2wW 3.6 4.01 1.113
B3wW 4.3 15.822 3.679
B4AW 4.7 4917 1.046

7 .Conclusions
Based on the results obtained from theoretical yaigland comparison with the experimental work, the
following conclusions are drawn:

1. Atany given load level, the deflections are redusignificantly thereby increasing the stiffness tfee
strengthened beams.

2. All the beams strengthened with carbon fiber exgreré flexural failures. None of the beams exhibit
brittle failure.

3. The failure load of specimens with carbon fibeorenthan other specimens without carbon fiber.

4. The bending stresses are reduced when length cathen was increased.

5. The increasing in the distance between the loagoigts provides an increase in carrying capacity fo
specimens.

6. In this study, the appearance of the first cracknpalepends on the distance between the point§ loa
higher distance between the mount points load tedlde delay in appearance of the cracks.

7. Through the adoption of the distance between thatpoad as a variable show that increasing the
distance between the points load result a decrg@simoment in the mid span of the beam, this means
an increase in carrying capacity for specimens.

8. Through a comparison theoretical results with thpeeimental, showing that there is a convergence
between the two results.

9. Itis very clear the development in ductility aseault of increasing the length of carbon fibereshand
increase the distance between the points load.
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