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Abstract:

A total of ten large —scale concrete beams werestcucted and tested under four—point monotoraclifig
until failure .Nine of these beams were longitutlinaeinforced with glass fiber reinforced polym@FRP)
strengthened with externally bond&FRP laminate while the remain beam was reinforgid conventional
steel bars with web reinforcement as control speninTo examine the shear behavior, the main paeamet
investigated in this study included volume fractadrfiber (0, 0.50 , 1.0) % reinforcement and wreghpvith two
different configurations of CFRP laminate (U-Jacketl sheets are side bonded) were examined .Tthesedts
were compared with recommended design code .Thétsese summarized and analyzed in detail in dygep
in terms of shear capacity, cracking pattern am@shesisting contribution of FRP and steel fiber

Keywords: Beams ,Shear, Steel fiber , GFRP bars ,Strengttpdry CFRP .

1. Introduction

Due to their lightweight ,high tensile strengthdagase to install on irregular surface ,the useR® system for
the repair and strengthening of RC structures besome an accepted practice within civil enginagrin
community .FRP system used for strengthening ofsiRGctures mainly consist of two different methotte
externally bonded laminates and near —surface redubars .These systems may contain either carben fi
(CFRP) or glass fiber (GFRP) reinforced polymersr .hear strengthening ,generally the externaliynded
CFRP systems are used .

Although comprehensive standard specificationstdéarsall commonly used traditional constructionaaterials,
the design specifications for FRP use in strengtigerespecially for shear strengthening ,are stitlerway for
full development .Furthermore, the available resate scare and sometimes controversial.
Triantafillou,T.C.,1997,[1], base on the experinanesults , noted that CFRP sheets used for strening
rupture at stress levels below their ultimate gtierdue to stress concentrations in the sheet hedreed the
effective strain to be a function of the axial digy of CFRP sheet .

Gustafsson and Noghabai ,(1998) ,[2], investiglsteel fibers can replace stirrups as  steiaforcement in
high strength concrete beams . Analysis of theltesudicates some favourable aspects concerniagigie of
steel fibers as shear reinforcement .

Chaallat et al., 2002,[3], are reported ,the Gbution of externally bonded FRP laminates to #iear
resistance of strengthened structural members tedsefor members with high transverse reinforcematio
than ones with low transverse ratio .

Choo et al. (2002),[4], The behavior of concrie¢ams wrapped with four different configuratioris ©FRP
fabric is experimentally investigated .Resultsha testing shown that shear strength is increaged 83% on
concrete beams wrapped with CFRP fabric at an afghs’ to the longitudinal axis of the beam .

Kwak et al. (2002),[5], The results demongilathat the nominal stress at shear cracking amditimate
shear strength increasing fiber volume ,decreasivggr span ,depth ratio and increasing concret@rassive
strength .As the fiber content increased the failapde changed from shear to flexure .

Ahmed & Hassan ,(2003) ,[6] , concluded that ¢fffectiveness of FRP strengthening to shear ibotitn is
depended on the amount of internal shear reinfoeoémit appear that the composites are less aféeethen
beams are heavily reinforced with internal sheafoeced .

Bousselham ,A. and Chaalal ,0., 2004 . [@cent studies revealed the fact that externallyiegpp-RP
laminates contribute more to the shear resistahstender beams .

Mattat et al. (2006),[8], The preliminary resudre reported that indicate a decrease in canshetar strength
attributable to size effect ,which is offset by iamplicit under strength factor in the current ACA04design
formula .

Bousselham and Chaallal ,(2006 a) [9] ,show thaigher concrete strength will delay failure by detiog .A
low concrete strength will inhibit early crushinfjamncrete in the compression zone or in the diabsinuts ,but
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it will decrease the bond strength at the FRP-atrdnterface .

Bousselham and Chaallal (2006 b) [10] ,studiexditifiuence of the a/d ratio ,the results indicaddrger gain
in shear resistance due to FRP for slender beaars fir deep beams ,probably because of the arébnact
exhibited by deep beams.

Concrete strength influence the performance ofrstigangthening with FRP because it influencesbitreding
performance at the FRP-concrete interface andaihedé mode .

Leung et al. (2007) ,[11] ,the results of testsRD beams strengthened in shear with externally ddreRP
,showed a tendency for a decrease in the gain edrstesistance due to FRP as the height of theirspe
increased .

Jin et al. (2009),[12] , This study will discuss adncrete shear contribution of the lightweight aete beam
reinforced with FRP bar, with varying concrete coegsive strengths and flexural reinforcement rafibe test
result gives better results than the ones predlioy the ACI 440.1R-06 and 1SIS-MO3-01 codes .

Bukhari et al. (2010) ,[13] , reviews existing @@sguidelines for strengthening beams in sheah wérbon
fiber reinforced polymer (CFRP) sheets and propasasgthodology for strengthening beams with FRP itha
consistent with Eurocode 2 .

NCHRP Report , 2011 .[14] , the configuration d&fetFRP system affects the failure mode of shear
strengthening members .Based on an extensive revieswllected experimental data .FRP debonding atmo
never occurs in beams retrofitted with completepaaad U-wraps with anchorage system .

Noor Azline et al. ,2013 .[15] , presents testults of beams longitudinally reinforced eitherdbgel or glass
FRP bars .Due to low modulus elasticity of FRPwds found that lesser shear strength results cadpar
beams reinforced with steel bars .

Belarbi A. & Acun B. (2013) .[16] , study severaiadytical models have been proposed for predidtiegshear
contribution of externally bounded FRP ,due to ffisient experimental data ,these models were atibated
accurately and hence produced diverse or in masgscaontradictory estimates .As the number expetahe
results increase ,these models can be recalibi@@ewduce more reliable results .

Alferjani et al. ,2013 ,[17]attempts to address an important practical issateigsrencountered in shear
strengthening of beams with carbon fiber reinforpetymer laminate. This paper also proposes a simpl
method of applying fiber reinforced polymer forestgthening the beam with carbon fiber reinforcelymper.

Shamsher B.S.(2013) ,[18], investigation addresiseshear strengthening of deficient reinforcedcoeie
(RC) beams using carbon fiber-reinforced polymdfR@) sheets The effect of the pattern and orientation of
the strengthening fabric on the shear capacithefstrengthened beams were examidedesign example for
shear strengthening shows that the design equatiesitable in the literature underestimate the acshear
strength of the beams .

An attempt has hence been made to provide an ieffegtethod of strengthening beams by introducingrtsh
steel fibers and bonding of CFRP laminates to atecbheams without steel stirrups .Three types otie
beams were caste, with conventional RC beam fereate , Dramix steel fiber reinforced concretentsewith
three volume fractions (0 ,0.5 & 1.0) % and eaclime of steel fiber with three beams were stresgjthg with
two different configuration , see Table 5 .

2. Experimental Program

2.1. Material Properties

The specified design strength of concrete is 30 BitP28 days .Ordinary Portland Cement (ASTM Type )
was used in casting all the specimens .The spagifiuity of fine aggregate and coarse aggrega®2i8 and
2.65 respectively .The properties of short stdmr are presented in Table 1 and typical steef fibth hooked
end .
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Table 1 :Properties of steel fibers

Properties Specification
Length 30 mm
Shape Hooked at ends

Diameter 0.375

Aspect Ratio 80
Density 7860
Young s' Ratio 200 x 16
Tensile Strength 2000 MPa
Poisson s' Ratio 0.28

According to the certified of conformity

Based on several trial mixes ,one NC mix and twresi(NC-05 and NC-1) that differ from each othelyan
volumetric steel fibers ratio were adopted in thegk as shown in Table 2 .

Table 2 gives the final quantities of materialsduse preparation of normal and fiber concrete pdric meter
adopted in this study .Table 3 shows test resitilteechanical properties for three mixes .Each valgsented

in this table represents the average value .

Table 2: Concrete mix design

Mix | Cement| Water | Sand| Gravel | Steel fiber
name | (kg) | (liter) | (kg) | (kg) (kg)
NC
400 200 | 800| 1200 0
NC-05 400 200 | 800 1209 39.25
NC-1 400 200 | 800 1200 78.50
Table 3: Test results ofchrnical properties
Mix fc' ft fr
Name (MPa) (MPa) (MPa)
NC
32 3.0 4.41
NC-05 35 3.9 6.32
NC-1 37.5 4.5 7.02

2-2 Description of Test Specimens

Ten beams specimens ,purposely design to fail bgrsstrength ,were tested with a static four-ploiatiing
scheme .The (150x200%2000) mm size ,nine beams e&st in three groups with three beams in eagth,
three different amount of short steel fiber, (GydGFRO) ,without steel fiber , (Group GFRO05) wib%
volume of steel fiber and (Group GFR1) , with stiieér of 1% volume .In this way tensile steelbieams of
groups GFRO , GFRO5 and GFR1 is the same used 3Mo42 mm glass fiber reinforced polymer (GFRP)

without shear reinforcement .Another beam (RC®&p normal concrete reinforced with 3Nos of 12 mm

conventional steel bar with 8 mm diameter two-lehgerrups @ 75 mm c/c spacing as control specim&he
properties of reinforcement bar are summarizedabld 4 .
Table 4 : Properties of reinforcement bars

Bar | Diameter| Tensile strength Modulus of elasticity| Elongation
type mm MPa MPa %
GFRP 12 1200 55 2.2
Steel 12 510 205 15
Steel 8 430 160 18
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The beams in each group were strengthened by C&Rirdte with two different configurations .One baaim
each group was kept un strengthened as control.bBgpital geometry and reinforced detail of beamesgaven
in Table 5 and figure 1.

piz
l 4 150
Details of
200 3@z 174 GFRP Beams
LN ]
100 500 | Goomm__ 500 100
| | ! I | |
FiZ P/2
l l 150

16 @3 @ 75 mm Cﬂntrﬂl
200 Specimen

L SE12

100, 600 [ soomm__ 600 100
1

Figure 1 Typical Geometry and Reinforcerment Details for Beams

Table 5: Characteristics of beams tested and paeaminvestigated

Groups | Beam symbols Steel fiber Strengthening Strengthening pattern
% application
GFRO-N 0 None / As built | |
GFRO x -
GFRO-S1 0 U - Jacketing ‘ [l ” I] I] ”
GFRO-S2 0 Side Bounding - H | | |
Sheets L U
GFRO05-N 0.50 None / As built
GFRO05 |A A|
GFRO05-S1 0.50 U - Jacketing | ” ” " " ”
GFRO05-S2 050 Side Bounding - H | | ‘
Sheets L
GFRI-N 1.0 None / As built | T
GFR1 - -
GFR1-S1 1.0 U - Jacketing ‘ IJ |_| ” ” ”
GFR1-S2 1.0 Side Bounding - : :
Sheets Hﬂ | | ‘
RCBO RCB-N 0 None | T

2-3 Strengthening of Test Specimens
Strengthening of test specimens has been carriedroall six RC beams test specimens , the twanise
from each group GFRO, GFRO05 and GFR1 were sheargitrened .
Nitowrap FRC ,a carbon fiber wrapping systieam Fosroc chemicals, is extremely easy to haiadie
apply with no noise and minimal site equipment seaey .In this system Nitowrap FRC fabric was used
conjunction with an epoxy sealer cum primer .Thechamical properties were taken from manufacturing

106



Chemistry and Materials Research www.iiste.org
ISSN 22243224 (Print) ISSN 2225956 (Online) lﬂ—'.l.l
Vol.8 No.7, 2016 NS'E
specifications which are given in Table 6 .
Table (6): Technical properties of CFRP
Tensile E - Adhesionto | Width Thickness Dry time
Properties strength Modulus concrete @
kgf/cn? kgf/cn? kgf/cn? (mm) (mm) 20°C
Nitowrap 35,500 2.35x16 >27.0 300 0.167 10 hours

2-4 Strengthening Configurations

Strengthening of the beams begun after the beahsiéicient cured ,and carried out as per the FRP
manufacturer s' instructions .The CFRP was readwplication as the CFRP was cut to desired sizkbthe
concrete surface was prepared. The CFRP strips vexternally bonded in two configurations by a ()
Jacketing strips at two vertical sides , angitambottom face with width and spacing 80 mmagid (ii) Mat

only at two vertical sides of shear region ,as showTable 5.
2-5 Testing Arrangement

All the beams were tested with the same test sé&tUg00 ton hydraulic testing machine (MFL) was used
for testing of beams in increment of 2.5 kN ufdilure . Beams were simply supported over a sfari800
mm .The arrangement is shown in Figure (2) .Dialgggs 0.01 mm accuracy were used to measure deflextt

loading points and at mid span .

Figure : 2 : Test Machine

3- Test Results and Discussion
3-1 General

Prior to discussing the test results, it is helpgfuldiscuss the general behavior of beams failnghiear
.Figure 3 shows the development of the crack patidiich leads eventually to failure in several nodEhe
type of failure that occurs depends mainly on @etage of steel fiber and phase of strengthenin@BRP
laminate .Table 7 ,summarized the experimentalltesd all the tested beams and their deflectioiith the

failure mode .
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Table 7 :Summary of tested beams results

Beam Load at first Ultimate load Experimental
symbols Crack (kN) maximum deflection- Failure mode
(kN) (mm)
GFRO
GFRO-N 15 30 5.85 Diagonal Tension
GFRO-S1 30 80 4.15 Diagonal Tension
GFRO0-S2 35 95.5 3.3 Shear-Compression
GFRO5
GFRO05-N 20 42.5 5.4 Shear-Compression
GFRO05-S1 35 92.5 3.8 Shear-Compressign
GFRO05-S2 40 1125 291 Flexure
GFR1
GFR1-N 25 57.5 5.0 Shear-Compression
GFR1-S1 40 105 3.51 Shear-Compressign
GFR1-S2 45 125 2.63 Flexure
Control Specimen
RCBO 28 100 15.5 Flexure

3-2 Crack Pattern Development and General Behavior
3-2-1 Failure Pattern of Control Beam
The beam was so design that it fails by flexuree.bbam was tested up to 100 kN with further ireeea

the load ,regularly spaced flexure and shear cragks observed and they extended the bottom a$pieeimen
towards the top fiber as shown in Figure 3.
3-2-2 Failure Pattern for Strengthening Beams fRReied with Steel Fiber

From the mode of failure illustrated in Figd@nd Table 7 ,there are three types of failuiagbnal tension
failure occurs in beams without steel fiber , sheampression failure occurs in beams with stéedrfand
flexure failure occur only in beams GFR05-S2 &BHR1-S2 .
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Figure 3: Typical Crack Patterns for Specunens
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The beams in group GFRO , the crack pattern folavwed paths in the direction towards the compoessone
.Finally , failure occurs quit suddenly ,extendpiddy through the compression zondll the beams failed in
diagonal tension .However, the ultimate loads weégber than the inclined cracking loads by an anheanying

from 100% , 166% and 173% for beams GFRO-N ,GBR@nd GFRO-S2 respectively .

The load carrying capacity of beams GFRO0-S1 and GGER were decreased by 20% and 4.5% respectively
when compared with caFityatda8amypical Crack Patterns for Specimens

All the beams in groups GFRO05 and GFR1 exliile same behavior and failed in shear-compredaiture
except the beams GFR05-N2 and GFR1-N2 failefleixure. With further increase in the load ,regiyla
spaced flexure and shear cracks were observechagcektended from the bottom of the specimen tosvénd
top fiber as shown in Figure 3 .

The beams were reinforced with steel fiber andngiteened with one layer of CFRP laminate. Themate
loads were higher than the inclined cracking vafiedh 112 and 164.3% for beams GFRO05-N and GFRD5
to 130% and 162.5% for beams GFR1-N and GFReSfpectively .The combination of steel fiber and
strengthened by CFRP laminate changes the modaslaifef to mainly ductile flexural failure evidemt beams
GFR05-S2 and GFR1-S2.
3-3 Effect of Steel Fiber on Behavior of Beams

From the results it is quite clear that tiftemate shear capacity were positively affectecstiel fibers. The
effect of steel fibers on cracking shear was smétlen the effect on shear strength as illustratecable 7 .The
effect of fiber content on strength of the GFRPhficed concrete beams with externally bonded CFRP
laminate are illustrated in Figure 4 .

The beams without strengthening, the steel filmdume increase to 0.50 and 1.0% the increas®aoking
and ultimate shear strength range from 33.334 66667 % and 41.667 to 91.667 % respectivelyhef
cracking and ultimate shear strength of similambeavithout fibers. Figure 5 ,shows load — defletiorve for
beams without strengthening .The decrease in mad-sleflection when steel fiber increase to 0.5.@84lrange
7 to 14.5% respectively .

Ditto, for the beams strengthening with U-Jacketimgl side bond sheet ,the summary of increaseairkicry
and ultimate shear strength and decrease in mid-dpfiection when steel fiber increase 0.5 and%.@s
shown in Table 8 and Figure 6 and Figure 7 .

Vu (kN)
60 —
50 [ <
o
8
)
40 —
30
20
—==— Without strengthening Without Strengthenin
10 4 —&@— U-Jacketing 10 — —=— 0% Steel fiber
—&—  Side bonding sheet —@— 0.5% Steel fiber
W Control beam 5 —A—  1.0% Steel fiber
0
T T T T T T T T T T T T T 1
-05 0 0.5 1 2 00 05 10 15 20 25 30 35 40 45 50 55 60

Steel Fiber % Deflevtion (mm)

Figure 4 : Effect of Steel Fiber on Behavior of Besa Figure 5 : Load — Deflection Curve for Beams Withou
Strengthening with CFRP Laminate Strengthening
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Table 8 : Effect of fiber content on Vcr ,Vu adeflection
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Deflection (mm)
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Type of strengthening Beams | Increase| Increase| Decrease
symbol Ver Vu deflection
% % %
U-Jacket GFRO05-S1| 16.667 15.6 8.43
GFR1-S1| 33.334 31.25 15.42
Side Bonding Sheet| GFR05-$2 14.3 17.85 11.8
GFR1-S2 28.57 30.89 20.3
130
120
110
> 100
T 90

o
—&A—  1.0% Steel fiber

Side Bond Sheet

—=f=— 0% Steel fiber

0.5% Steel fiber

Jacketing Strengthening

3-4 Effect of Strengthening on Behavior of Beams
The summary of the test results for all the beaetispens are detailed in Table 7 and load mid-sgdlection

curves for all specimens are shown in Figure &al be noticed that, the initial slope of all cwwemains
identical .This means that the provided externabsheinforcement did not increase the initial dlieat stiffness
of the beam .The mid-span deflection of the striesiged specimen at ultimate was decrease aboub 29%
for the deflection of control specimen .
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Figure 8 : Load — Deflection Curve for Beams Sttbeged with CFRP Laminate

Series GFRO: For the specimens tested in this series (0% §temi), increase in shear strength of 166.667 to
218.333% were achieved .The shear strength of H&FR0-S2) is equivalent to reference beam (RCBO) in

shear strength but reference beam was more dytkifin the specimens in this series .

Series GFRO5: In this test series (0.5% steel fiber), incremsshear strength ranged from 117.65 to 164.70%
for beam without strengthened .The shear resist@ageater for the (GFR05-S2) specimen than fer th

reference beam (RCBO0) 12.5% gain .

Series GFR1: In this test series (1% steel fiber), increasshear strength range from 82.6 to 117.4% were

achieved .The test results indicated that coniobubf CFRP benefits the shear capacity for bewmitisout
shear reinforcement at a greater degree thanfienerece specimen with adequate shear reinforcement
4- Comparison of Test Resultswith Shear Design Equations

In order to verify the design provision in the cedthe test results were compared with recommeddsigin
code .The nominal shear strength of a concrete beam wdhpjith FRP fabric can be calculate as :

Vo= Vet Vit Vg

The shear resistance attributed to concriétef members reinforced with FRP bars as flexusaiforcement is
calculated according to some theoretical modelshas/n below in Table 9 .
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Table 9 :Shear design equations for FRP-reinfoccettrete beams

Designation Equations

2
ACI 440.1R-06 Desigr Ve = 3 kyfc' bw.d......(2)

Gui[tizl]ines k= \2pf.nf + (of .nf)2 — pf.nf and nf=Ef /Ec,

_ EF\'/3 (1000\ /% s
JSCE (1997) Design ve=02 (100pf )7 (F29) T (fe)Pbw.d ....(3)
Recommendations Where - (@)1/4 <15
[20] ) =
(100p7 Z£)" <15

(fcHY® <36

Ef 1/2
SIS Canada — 01 Ve =02 (fc’.E) bw.d.....(4)
[21] For d< 300 mm

In this section also some theoretical models ,sagleT10 ,for shear prediction of fiber reinforceshcrete
beams V.

Table 10 : Equations for estimating the shear aapatsteel fiber reinforced concrete beams

Designation Equations
fc' d
Narayanan et al Ve=1024——=+ 07+ [F; |+ 80 ps —+ 1.7 Ff| bw.d ......(5)
: 20 - \[F; a
[22]
d d
Ashour [23] Ve = [(0-7 Ve + 7\/Ff)5+ 17.2 pq E] bw.d .....(6)

The shear strength of FRP fabjcis calculated using the equation proposed by Kaali el [24] as;
Af . fre (sinf + cosp).d; -

Vf =
The effective stresfy, of FRP fabric in Eqn. (7) is calculated using to@aion proposed by Khalifa et el as

The value of factor R is calculated using threga¢igns as shown below and chosen the lowest value
« Factor R based on effective stress (proposed lajifdret el) as ;

R =0.5622 (ps.E; )* — 1.2188 (pg.Ef ) + 0.778.......(9)

e Factor R based on bond failure mechanism (propbgaedaeda et el 1997 [25]) as ;
00042 (fc')/2 W,

(Ef.tf)o.ss '€f'df
Where :

113



Chemistry and Materials Research

ISSN 22243224 (Print) ISSN 2225956 (Online)
Vol.8 No.7, 2016

www.iiste.org

e

It can be noticed from Table (11) that the men\y, /V,
that from the existing experimental data %(= 1.123) . However ,JSCE-97, gives more conservative

predictions for shear strength of beams reinforegétth GFRP bars and strengthening using CFRP laminat

er = df _Le

461.3

Ly = ——e
€ (Ef tf)0.58

* Factor R based on limit strain (proposed by Régdgstem 2000 [26] ) as ;

without steel fibers .
Figure 9 also shown the performance of the teslitewith those provided by commonly shear designaards

obtain by JSCE-97 is approximately the same as

The ratio of experimentally measured to analyticatlculated shear strengt%/i’ﬁ for all beams is shown in
figure .Shear design equations of JSCE-97 and 03I8rovides better results than that of ACI440-@6kfeams

without steel fibers .The equatiosaggested to apply for steel fiber reinforced ceteebeams shows that there

are overestimate the shear capacity .This develnopimeuite dangerous considerititgat beams reinforced with
GFRP bars and externally strengthening in sheagusFRP laminate .

Table 11 : Comparison of experimental results wither design codes

V. - for beams without steel fibers

V. - for beams with steel fibers

Specimens| V,, | V.
kN | kN ACI 440-06 JSCE-1997 ISIS Canad Narayan at el Ashour at el
Ve | Vn | Yexr | Vo | Vo | Yex | Voo | Vo | Vex | Ve | Vo | Vex | Vo | Vo | Vex
A A Vy A A
GFRO-N 15| --| 105 10. |1.42]| 16.2| 16.2| 0.92 14.2| 14.2| 1.05
3 53 4 5
GFRO0-S1 40| 13.5105| 24 | 1.66| 16.2| 29.7| 1.34| 14.2| 27.7| 1.44
6 3 6 6 4 6
GFRO-S2 | 47.7 27.1| 10.5| 37. | 1.26| 16.2| 43.3| 1.1 | 14.2| 41.3 1.15
5 2 3 65 8 2 2
GFRO5-N | 21.2| --- 53.1 53.1| 0.4 | 51.1] 51.1| 0.41
5 3 3 76 | 76 2
GFRO05-S1| 46.2 14.3 53.1) 67.4| 0.68| 51.1| 65.5| 0.70
5 6 3 9 5 76 | 36 5
GFR05-S2| 56.2 28.7 53.1) 82 | 0.68| 51.1| 79.8| 0.70
5 2 3 6 76 | 91 4
GFR1-N | 28.7| --- 67.2| 67.2 0.4273.3|73.3| 0.4
5 7 66 | 66
GFR1-S1 | 525 15 67/2 82.2 0/633.3|88.3| 0.6
8 66 | 66
GFR1-S2 | 62.5 30.1 67.2| 97.3 0.64| 73.3| 103.| 0.6
2 22 2 66 5
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Figure 9 :Experimental to Calculated Shear Strenf§itRRP-Reinforced Concrete Beams

Based on both the ratio of experimentally meastoeanalytically calculated shear strendth, /V, and the
average absolute error AAE calculate using Eq.(12)

_ 1 [Vex.=Vn |
AAE = ~ » T (12)

Table 12 reports the average and standard devigd8®) for V., /V, ,and the AAE of all shear design
equations .1t has been that the JSCE-97 haswest AAE of 14.305% compared to 30.316% AgI-06 ,
20.022% for 1SIS-01,81.266% for Narayan &8%16% for Ashour .

Table (12) :Performance of Shear Equations Consibier this Study

Method AAE % Vex./Vn SD
Average
ACI 440-IR-06 30.316 1.452 0.20
JSCE- 1997 14.30 1.123 0.21
ISIS Canada -01 20.02 1.2133 0.202
Narayan at el 81.266 0.580 0.13
Ashour at el 85.60 0.570 0.135

5- CONCLUSIONS

The experimental results and analysis on nind §iteer GFRP beams strengthening in shear with EFR
laminate and one steel RC beam as reference spetiave presented and discussed in this paper .Restok
investigation the following conclusions were made :

* The type of failure depends on percentage of §iteesl and phase of strengthening .

« External bounded reinforcement can be used to eehitwe shear capacity of the beams .

* All the beams in group GPRO failed in diagonakten and the average ultimate loads were higher tha
inclined cracking loads about 146.334% .

« All the beams in groups GFRO05 and GFR1 failechiges —compression failure except the beams
strengthening with full side bounding by CFRP laaté failed in flexure .The average ultimate loadse
higher than inclined cracking loads about 142.2% .

« For the beams strengthening with U-Jacket by CRERihate when volume of steel fiber increased¥0.5
and 1.0% the increasing in shear strength anddheeasing in mid-span deflection were (15.6 and
31.25)% and (8.43 and 15.42)% respectively .
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« For the beams strengthening with full side bougdiy CFRP laminate when volume of steel fiber
increased 0.5% and 1.0% the increasing in shieargth and the decreasing in mid-span deflectierew
(17.85 and 30.89)% and (11.81 and 20.3)% respgti

* Nevertheless ,shear capacity of beams reinforctd GFRP bars and strengthening with CFRP laminate
in shear is lower than that beam reinforced wigtelsbars and steel stirrups .

« Shear design equations of JSCE-97 and ISIS-0dide® better results than of ACI 440-06 for beams
without steel fiber .

* The equations suggested to apply for steel fibaciie GFRP beams shows that there are overestingate
shear capacity .

e The JSCE-97 has the lowest AAE of 14.305% caegto the others shear design equations .
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