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Abstract: This thesis details experimental work and fi- This section deds bythe entireofthe fore

nite part simulation of concretebeams retrofitted with carbon  most notable revealed proof of side arma handle on one
fiber strengthened compound (CFRP).The objectives of thisstudy  thing connection to the experimental per-
wereto analyzethe behavior of retrofitted beams to develop fi- form delineated during this thesis.

nitepart model  describing the beams, supportivethe  fi- . . .
nite part model against the experimental resultsand eventual- Anumol Rgju et a. (2013) by experimentation study was

ly investigation the influence of chemical compound resins(Gp, ~ conducted in - RC.C. beamsstrongby al of ~assort-
ISO, Epoxy) on thesweetening of strengthening of retrofitted  €d styles of fibers outwardly. all thirty beam Cast-
beams. The experimental resultssquare measure performedto  ed reciprocally cross section ofa hundred and fif-
analyze the behavior of beams designed in such approach that  ty millimetre x a hundred and fifty millimetre x a thou-

either flexural or shearare going to beexpected. The oy mjllimetre.  They crammed by the entireof  diver-

beamsrectangle  measureloaded  at exploitation 2 pur- . h
pose bending till cracks square measure developed. The beams gent styles  of fiber ) sheet§ .. Carbon, quss
were then blank and retrofitted with CFRP. Finally the beams ~ St€€l, polypropene and fibre mistreatment all - ver wrapping

were loaded till failure. The ANSYS program is employed to de-  technique around al the edgesof the beamsto guage the
velop finite part models for simulation of behavior of beams. strength. They ended that the last word strength increment in

Keywords: CFRP, ANSYS. carbon, glass, steel and fibre sheet strong beam by a hun-
dred and twenty fifth, 89.6%, 45.02% and
37.9% severaly. however considering  price effectiveness
F‘ and strength  increment, they most popular Glass
iber strengthened compound (FRP~ plays a notable  FRP sheetstobeused. Lakshmikandhan et a. (2013)
rolewithin theretrofitting and renovation of ferrocon-  checked performance of the beams beneath cyclic loading.
crete (RC) structural fundamentals as evident reinforce-  Firstly, applied load on beam over hydraulic jack in histori-
ments. modern advancements in these fieldsarea unit un-  cal cyclic load increment with an acceptable increment for
bounded. Performance of carbon (CFRP) composites retro- 2 purpose bending. The stiffness degradation in every cycle
fitted bythe entireof columns, concrete beams, phad been determined for the same injury assessment  then
and block isdole out by divergent researchers over experi-  pegm s repared by CFRP a bolster and once
mental and suspect investigations. Thetechnique logy of e Grunk till the  failure. within  thefinishthey — sus-
bonding FRP laminates or plates to toward the sting surfaces pendthat the repaired beam improvedthe first strength
is granted worldwide as a technical- : : o
: ) with regarding half-hour further load capability.

ly counsel and much rational method for strengthening and L -
. ) They moreover} found that the continuation of inju-

upgrading  of ferroconcrete bearing members  that area . : .
ry improves the performance of repaired RC beam with

unit structurally broken, inadequate  or deteriorat- e . :
ed. supported their unimaginable blessings, overall all dis MOre energy dissipation and delays debonding or delamina-
tion. Henrik Thomsen et a. (2014) analysed the conse-

tinctive material sat hand within the producing as

l. INTRODUCTION

plate behavior modification, carbon fi- quencesof strengthening of RC beam utilized inFRP
ber strengthened compound (CFRP)  composite  materi-  Sheet affixed on tension facet and weakness
als area unit wggeged by the eng| neers. modes determi nedRudyDj amauddin et a. (2015) experl—

mental investigation the bonding behavior of GFRP sheets

on the strong concrete beamsthanks to flexural loading.

Manuscript received on April 15, 2021. concrete beams wereready by forthe foremosta part
“Rﬂivr:lﬁr:\g?gﬁzﬂéﬁ’;egﬁ"\’AegyogoAggzllzl' A2 of parameter of the bonding space of GFRP sheets. The
’ ' specimen were divided into 2 sorts, that strong on all span
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Comparative Study between Analytical and Theoretical Retrofitting of RC Beam with Different Resins Bonded
CFRP Laminates

1. MATERIALSAND METHODOLOGY

The materials used for the concrete area unit given below
and their properties are mentioned during this chapter.

2.1. Cement

cement of gradefifty three confirming to IS 8112(2013)
was used for the experimental analysis .The show once and
for al on cement relishrelative density, setting
time check, normal consistency check, compressive
strength,  soundness check were meted out in accordance
by the full of 1S:1727-1967,1S:4031-1968 severaly.

2.2. Fine aggregate

Fine aggregate collected from caver watercourse bed close
to Trichy has been used for experimental study having fine-
ness modulus of two.65, relative density of 2.62 and bulk
density of one65 g/cm3. Sand confirming zone-Ill
and while not wetness content keep during aareaand used
for casting specimens. The properties of sand were deter-
mined as per the 1S-383:1970.

2.3. Coar se aggr egate

The coarse aggregate collected from Quarry (srinivasa blue
metals,of Reddiyarchatram, Dindigul) crushed granite
of most size 20mm and 12mm orthodox to 1S 383-1970is
employed. The fineness modulus of
coarse combination isvi.74, bulk density of one54 g/cm3
and relative density of two.60.

2.4. Reinforcement

The yield stress, final tensile stress and proportion of elon-
gation of eight millimetre diameter TMT bar area unit 462
N/mm2, 597 N/mm2 and terrorist organization severaly.
and 6mm diameter for TMT bar are289,385.9N/mm2
andtwenty  onenada, severaly.  All  the  beams
were given zero.785%  main  tensile  reinforcement
and zero.534% as compression reinforcement.

2.5. Carbon fiber

The properties of carbon fibersarea unitas an example,
high materiality, steep rigidity, peaceful weight, high sub-
stance safety, extreme temperature conflictand
low heat development. Superior Carbon low calorie food is
employed and delineated by high young modulus
of skillfulness E (240-830Gpa), |astingness (2200-
5600Mpa), strength failure (0.5-0.8), constant of ther-
mal growth (1.45), density (1800-2200kg/m3.

2.5. Polyurethanes

Polyurethanes area unit shaped by merging polyisocyanate
and polyolin a veryresponse infusion embellish-
ment method or in a very fortified response infusion mold-
ing strategy. they're cured into very intense and high con-

sumption safety meaterials, that area unit found
in varied elite paint coatings.
2.7. Phenolic

The phenolplast resins area unit created mistreatment
phenols and gas, and that they area unit isolated into furbish
up and novolac resins. The resoles area
unit organized beneath antacid conditions with formalde-
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hyde/phenol (F/P) degreesalot of distinguished than one. in
reality, novolacs area unit organized beneath acidic condi-
tions with minimum F/P degrees than the initial issue. Re-
solesarea unit cured by applying heat and/or by together
with acids. Novolacsarea unit cured once responding syn-
thetically with methylene radi-
cal amasses within the hardener.

2.8. Epoxies

Epoxiesarea unit for the foremost half found in marine,
auto, electrical and material applications. The high density
in epoxy resins limits its handle to unwavering methodol o-
gies, for concrete illustration, shaping, fiber speed full, hand
lay-up. The privilege hardening specialists behind be direct
chosen in bump of the very factthatit'll influencethe
shape of compound response, pot existence, and be material
properties. In provocation of the very fact that epoxies will
befantastic, it perchanceevenat some future timetualy
despite the extracharge once fine and dandy is required. .
The Properties of special compound resin, for concrete illus-
tration, suchepoxy glue, Orthophthalic resin (GP),
Isophthalic resin area unit supposed within the consequently
Table apair of.3,2.4 and 2.5.

iy - e

Figure 2.3 Threeresins (GP, 1 SO, Epoxy)

Table 2.3 Properties epoxy resin

Glass transition temperature 120°C-130°C
(Tg)

Tensile strength 85 N/mm2
Tensile Modulus 10,500 N/mm?
Elongation at break 0.8%

Flexural strength 112 N/mnv?
Flexural Modulus 10,000 N/mmg
Compressive Strength 190 N/mm?
Coefficient of linear thermal 3410-6
expansion

Water absorption - 24 hoursat | 5-10 mg (0.06-0.068%) 1SO 62
23°C (1980)
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Table 2.4 Propertiesfor isophthalic resin

Properties Unit Value
Barcol hardness BHU 40
Temperature °C 80+5
Specific gravity - 1.20+0.02
Volume shrinkage on cure % 7-8
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Tensile strength N/mm? 5545
Tensile modulus N/mm? 3300+100
Elongation at break % 25-35
Flexural strength N/mm? 125+5
Flexural modulus N/mm? 3400+100
Table 2.5 Propertiesfor GP resin
Properties Value
Elastic modulus (M pa) -
Flexural modulus (Mpa) 3.7Gpa
Tensile modulus (Mpa) 3450N/mm?
Compressive strength (Mpa) at yield or break -
Flexural strength (Mpa) at yield or break 90N/mm?
Elongation at break (%) 2.2%
Hardness 50BHC

I1. EXPERIMENTAL METHODS AND
INVESTIGATION

3.1 Loading Arrangement For Cfrp Laminted Beams

All the twenty four beams (1200mm x100mm x150mm)
and 500mmx100x100mm square measure subjected to
check againsthe scene of essentialy support-
ed finish conditions. 2 purposeloading is invariably fol-
lowed for testing. For the cluster of twelve beams, 3 square
measure used as management beams, and therefore
the remaining 9 cube measure preloaded until the looks of
flexural crack andthenceforth retrofitted with CFRP
and any, 3 various organic compound secure CFRPs were
engaged. within thelong haul, the retrofitted beams square
measure loaded until breakdown and therefore the outcomes
assessed and analyzed with the management beam. The
testing of beams isdole out by means that of the hydraulic
operated jack coupled to the load cell. Moreover, the load is
exerted on the beam with competence aided by the hydraulic
jack and therefore theknowledgeis recorded from the
LVDT system, that is coupled with the load cell.

Applied load
®

—Steel Isee

Angle Meter Ange Meter

;Km«&wwn l :fw'c“‘" . J;’ | J“

P
108,

s

(2) Flemara test setp for bearn Q) e g ke b b

Figure 3.1 Experimental setup on beam

To evaluate theenhancement within the flexural
strength of the beamswhen retrofitted with varied rosin
(Epoxy, Orthophathlic (GP), 1S0) secured carbon Fiber
strengthened chemical compound, beams area unit there-
fore organized that they'rescarce  in  shear  ultimate-
ly resulting in the failure within the flexure. For the aim of
An acceptable bonding between the beamand therefore
the sheets, the surface of the sheets is cracked by means
that of brush or suretotally different roughening materials.
Roughening is initiated with the helpof sand paper
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or exhausting brush or little chisel. when the roughening of
beam surface, the method of preparation of
the rosin begins, during which various rosinis ready within
the quantitative relation of 1:5 wherever 1 element of hard-
ener is employed with five elementsof rosin and therefore
the mixture is thenceforth merging fully. it'sto be borne in
mind that the mixtureshouldbe deployed quick-
ly thereforeon  forestall from  setting. oncetheresinis
mixed entirely, 3 various resins area
unit accustomed change surface finish of the beam
by means that of brushes by apply-
ing various reasonably resinsto ech 3 beam. when the ac-
ceptable application  off rosin, the sheetsarea unit
fixed on the whole sides of the beams, whose surfaces area
unit clean with the assistance of a brush. a bit pressure is
applied on the surfacefor correctfixing of the
sheets. equally the sheets area unit wrapped on all the faces
of the beam for the U-shape wrapping technique.

32 Loading Setup onmanagement RC  Beams
The testing of the beams in 2 purpose loading settingsis
finished from this load caseis  chosen because
it isequipped by the consistency most moment and
nil shearswithin the section between hundreds, and con-
sistent most shear force in support and cargo. The span be-
tween the supportsset up 1000mm and therefore the total
was activated at points that area unit divided to 3 equivalent
segments. The testing was performed by a testing tool of
loading frame with one hundred ton capability. A linearly
variable differential electrical device was used to judge the
deflection at middle span as illustrated in Figure 4.2 that
effectively incontestable

il

Figure 3.2 Loading of control beams

3.3 Loading Setup on Retrofitted RC Beams

The9no’s beams were unbroken exceptthe check ma-
chine and turned over to retrofit them with numerous ros-
in secure CFRP. For the aim of guaranteeing acceptable

Figure 3.4 Carbon fiber Retrofitted beam with resins
(SO, Epoxy, GP)
Application of the external strengthening materials, it had
been extremely essential to fine-tune the concrete surface
traits on the contact region to
be secure.
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when the bonding between the beam and also the shests, the
surface of the sheets is chapped with the assistance of brush
or sure completely different roughening material, followed
up by the preparation of the Isophthalic rosinwithin
the quantitative relation of one5 wherever 1 fraction of
hardener is deployed with five fractions of rosin. The mix-
tureisthenceforth mingling absolutely.

correct attention had to be taken to make sure that the mix-
ture was consumed like a shotto avoid the setting of
therosin. oncethe Isophthalic is  entirely mingling,
therosinwas initiated on thechapped finishof the
sheetsvictimization brushes. when the Isophthalicis cor-
rectly applied within the sheets, the sheets area
unit fastenedon all sides of the beams, whose surface
was clean employing abrush. for correct fixing of the
sheets, some pressure is exerted over the surface. Likewise
sheets area unit wrapped over rock bottom of the beam and
sidessort of aformed wrapping technique shows in Fig-
urethreed. and also thesame procedure is perennial for
applying epoxy secure CFRP and Orthophthalic (GP),sheets
to the RC beams for U- formed wrapping technique. Operat-
ed jack connected to load cell. The load is initiated on the

beam withthe helpof hydraulic jackand also
theinformationis recorded from the LVDT sys
tem, that is connected with the load cell. Moreover, the

worth of deflection is gathered from the dial gauge system.

V. RESULTSAND DISCUSSION

4.1 Experimental results of controlled and retrofitted
beam specimens

The failure load while not wrapped beam (CB) istwenty
seven. 2 kN and its flexura strength is12.08
N/mm?, final load of epoxy glue warranted CFRP retrofitted
beam (RB4) isfifty two.5 kN and its flexural strength
istwenty three.33N/mm?,1SO organic com-
pound warranted CFRP laminated beam (RBS8) final load
isforty four.lkN and its flexural strengthis nineteen.6
N/mm?> and for sameMD ( Orthophthalic res
in) warranted CFRP  laminated beam(RB3) final load is
54kN and its flexural strength istwenty four N/mm? these
strength  RB4(Epoxy wrapped beam) isforty eighth,
RB8(1SO wrapped beam) is 38 and RB3 (GP organic com-
pound wrapped beam) isforty ninth bigger than strength of
controlled beam.
Flexural strength analysis for the various specimensand
therefore the control specimens of the flexural strength
is 12.08N/mm? is compared to the retrofitted specimens of
the epoxy glue and therefore the totally different is 11.25%
and once it's compared to the MD the distinc-
tionis11.92 once in a whileits compared to the 1SO
the distinctionis seven.52% 4.2 Load Vs Deflection for
Controlled and Retrofitted Beams. The displace
ment malleability index (ultimate deflection divided by yield
deflection) will offer associate estimate of the
need of malleability of those beams. CFRP retrofitted beams
(RB) reinforced were  dlightly  stiffer  and  deflect-
edidedly atthe fina wordload the management beam
(CB), The deflection watched within thelinear varia-
ble electrical devicefor each art associate adjunct of load
on the beams the deflection val-
ues are RB1,RB2,RB3,RB4,RB5,RB6,RB7,RB8 and
RB9 that were computed relish eleven.3,10,12.4,23,
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22.5,20,10,12.4 and 11.30mm,the deflection for controlled
beams CB1,CB2,CB3 were 7.38,8.8 and7.6mm several-
ly. the bhiggest deflection occurred inevery retrofitted
beams RB4 is 23 metric linear unit, RB3 is 12.70 and RB8
is12.4mm at the cap prescribed load, the deflection is de-
creased due to U- shaped wrapping technique of retrofitted
beams compare to controlled beams. Table 5.2 Load vs de-
flection characteristics of controlled and retrofitted beams.
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Table4.1 Load vs deflection character stics of
controlled and retrofitted beams
Ultimate Yidding di Ultimate dis-
SPECIMEN Loadin II Ing '_S’ placement in
D KN placement in mm
mm-38y
Pu ou
CB; 24 2.6 7.38
CB, 255 2.50 8.8
CB; 27.2 3.02 7.6
RB; 495 7 11.3
RB, 53.4 75 10
RB; 54 575 12.70
RB,4 52.5 11.75 23
RBs 51.3 12 225
RBg 48.3 11.80 20
RB-, 435 5.2 10
RBg 44.10 6.10 12.4
RBgy 42 4.90 11.3
60
50
——(B
E_ =GP Resin bonded
o RE1
H Epoxy Resin
,3 hondedRB6
=[50 Resin
honded RB9

10 15
Deflectionin mm
Figure 4.4 Load Vs Deflection for Controlled and Retro-

fitted beamswith CFRP Laminates (1SO, Epoxy, GP)

20 25

Beam (CB) developed flexura tensile cracks within the lees
face through the length gradual bending region at load
of 15 kN, the tensile reinforcing steel yielded. Finaly, the
beam unsuccessful in  flexure because of the crushing of
utmost compression zone  of concrete  at a
load 24 kN. equally as a matter of selection stage appeared
on thedoc rosin boned CFRP Laminated beam RB1,RB2
and RB3 isthirty-nine,41,35kN severally and supreme load
for the connected specimen isforty nine.5,53.4 and
54Kn,
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1st crack appeared on the synthetic resin boned CFRP Lam-
inated beam RB4, RB5and RB6 is39,42.5,40.3
kN severaly and supremeload for the dike specimen
52.5,51.3 and 48.3kN, flexural crack appeared on the 1SO
phthalic rosin boned CFRP Laminated beam RB6, RB7and
RB9 is43.5,44.1,42kN severally and supremeload for
the connected specimen is43.5,44.1and 42Kn,for al retro-
fitted beam failure because of most load and loss of bond
occurred between the steel reinforcement and con-
crete that split of the concrete cowl at all-time low face of
the beam.

Table 4.2 Showsthe ductility index calculated for the CB
and RB beams

. . Ultimate Yielding Displacement
Specimen | displacement | . .
i in mm d|_splacement Ductility
su in mm-38y Factor
CB; 7.38 2.6 2.83
CB, 8.8 2.50 3.52
CB; 7.6 3.02 251
RB, 11.3 7 1.61
RB, 10 75 1.33
RB; 12.70 5.75 2.20
RB,4 23 11.75 1.95
RBs 225 12 1.87
RBsg 20 11.80 1.69
RB; 10 5.2 1.92
RBg 12.4 6.10 2.03
RBg 11.3 4.90 2.30
It is seen in Table4.2 thatthe sharemodification
of plagticity of carbon  fiber strong U-Shape  wrapped

beams cube measure RB1 to RB3 is42% (GP), RB4 to RB6
is37.96% and RB7 toRB9 istwenty nine.49% severdly as
compared to it of controlled beam (single layer CFRP)
beam. In  genera, completely  different levels  of
CFRP strong concrete beams (RB1,RB2, RB3,RB4,RB5,
RB6, RB7, RB8 and RB9) showed consistent will in-
creasein flexura stiffnessand supreme capability as com-
pared to it of management beam. From the experimental
investigation, it's known that the  shareimprovement  of
cracking load of single layer CFRP strong beams square
measure 61,63, and54  for GProsinboned lami-
nates severally. 61,64 and 60.29% for synthetic res-
in guaranteed laminated beam  severally and 55.22,56.52
and 48.38% wherever 1SO  rosin guaranteed laminated
beam, whereas the share change of final load for retrofitted
beam specimens (RB1,RB2, RB3,RB4,RB5, RB6, RB7,
RB8 and RB9) sguare measure fifty one.26,52.22, and
49.62% for GPresin boned laminated head (RB1 to RB3)
severally. 54.28, 50.29 and 43.68% for synthetic resin
guaranteed laminated beam (RB4 to RB6) severaly
and 44.82,42.17 and 35.23% wherever 1SOresin guaran-
teed laminated beam (RB7 to RB9) severally as compared to
the management beam. the  advancein 1st crack load
of strong beamsare  oftenregardingthe riseof  dtiff-
ness because of the laminates commitment effects. Howev-
er, it'sterminated that the variousresin guaranteed CFRP
laminate  thickness  and U-shaped wrapping tech-

Retrieval Number: 100.1/ijrte.A56900510121
DOI:10.35940/ijrte.A5690.0510121
Journal Website: www.ijrte.org

34

I nternational Journal of Recent Technology and Engineering (IJRTE)

| SSN: 2277-3878 (Online), Volume-10 I ssue-1, May 2021

nique considerably influence the structural angle of the
strong beams.

Ductility factor

1 B2 CB3 RB1 RB2 RB2

Figure 4.5 Shows ductility factor for CB and RB (GP
Resin)
4.4 Crack Pattern and Failures M odes
The failure modesthat square measure discovered on the
CFRP reinforced beams square measure completely differ-
ent from those of the management beam.

Stiffoess N/mm

(Bl (B2 (B2 ER1 ER2 BB

Figure 4.10shows stiffness value for CB and RB
(SO Resin)

It absolutely was discovered from the experimental investi-
gation that each one beams reinforced with CFRP laminates
have failing within the same manner. once de-bonding was
prevented victimization U-shape wrapping techniques, fail-
ure isbecause  of crushing of concrete within
the compression zone close to themiddle span region this
can be conjointly clearly indicates that, the employment of
U-shape wrapped technique within the beam RB1 to RBS3,
RB4 to RB6 and RB7 to RB9 modified the failure mecha-
nisms than that of while not wrapped management beam. In
beams RB1 to RB9, CFRP rupture and failure because
of concrete crushing were outstanding once strengthening
was done victimization each the wrapping schemes.
4.5 Stiffness Calculation for Controlled and Retrofitted
Beams

Table 5.6 shows the controlled beam (CB1 to CB3)
stiffness is 3.25,2.89 and 3.57N/mm and retrofitted beam
specimens RBjto RB3(GP resin) is 3.8,5.34,4.25N/mm.
Epoxy resin bonded CFRP laminates were RB, TO RBg is
2.28,2.28 and 2.41N/mm, 1SO resin bonded CFRP laminates
were RB;t0 RBg is 4.35,4.55 and 3.71 N/mm. Stiffness val-
ue for Retrofitted beams (GP resin) is 28.25, Epoxy
wrapped RB is 28.17 and 1SO wrapped
RB is 23.09 % increased from con-
trolled beams as shown in
Figure 4.8to 4.10.
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Table 4.3 Stiffnessfor controlled and retrofitted beam

Ultimate Load in Vielding :I_“"‘:““* . Pu

Specimen id ] displacem ent in — ACement i W =

P e -7 e Eaah ]|
CBa 24 2.6 738 325
CEBE. 25 5 250 2.8 2 8o
CEBa 27 2 302 .6 357
RE. 40 5 7 113 438
RE. 53 4 7.5 10 5 34
RE. sS4 s 7s 12 .70 azs
BB, s2.5 11 75 23 228
RE- S1.3 1= 22 5 228
RBs 483 11 .80 20 241
rE FER s = 10 435
RBs 44 10 510 12 .4 355
RE- Az 100 11 = 571

Table 5.1 Ener gy absor ption for Controlled and
Retrofitted beams

, GPResin | EPOYY 1;5':'
EClmen
Sﬂmﬂs CB | bonded | T | bonded
heam
heam heam
Energy
sbsorpion | 143 357.8 65612 | 32827
(N-mm)
Penmeter | (001 111.60 1236 90 6
111 min
Table 4.6 Shows energy absorption

curve premeditated by mistreatment machine cad

2014, initial deflection price entered in coordinate axis and
cargo price noted in coordinate axisand connected all the
points X and Y-vaue in graph mistreatment polyline
and verify spaceand perimeter for every specimen. Con-
trolled beam spaceis 143 N-mm,retrofitted specimens
like physician rosin secured beam spaceis 357.8N-mm
,Epoxy  resin secured spaceis 656.12 N-mm and
ISO rosin secured spaceis 328.27 N-mm these values
of space compared to controlled beamis sort of less, great
deal of energy absorptiondetermined in  mistreat-
ment CFRP laminated divergent rosin secured wrapped
beams.

5.FINITE part ANALYSIS

5.1 ANSYS CONCRETE partskind The factual principle
as unprotected in draw was utilised to epitome the concrete
for the3-D modeling of solids by all of orwhile
not reinforcement bars. The solid equipped for cracking in
strain and crushing in compression. as an example, in con-
crete applications, therobust ability of thepart commit
be utilised to ideal the concrete mean the rebar how withis
clear for demonstrating reinforcement behavior. totally dif-
ferent cases that the part is likewise understandins and outs
would be strengthened composites,(for example, fiberglass)
and geologic materials,(for example, rock). sol-
id65 part is happinessto eight nodes having 3 degree of
freedom at one by onenode: substance within the nodal
X,)Y and Z direction. Figure 6.1 shows the solid sixty
five part pure mathematics for concrete.
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Figure 5.1 Solid 65 element geometry for concrete
5.2 ANSYSREINFORCEMENT BAR ELEMENT
A link 180 principle as shown in figure
was accustomed ideal the steel reinforcement as implicit the
Table half dozen.1. This 3D spar part may be auniaxial ten-

sion-compression part having  mutually degree of free-
domand everynodad X, Y, and Z directions.
This part includes physical property, creep, rota-

tion, giant deflection and enormous strain capabilities

7442016 11:49 AM
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30783
1.6392
e
=/

Figure5.2 Link 180 element geometry for reinfor cement

300.00

The steel reinforcement bars in finite component ide-
al arereinforced in concrete components (solid65)
in distinct modeling. Therefore, buried link 180 (reinforce-
ment) component in nodes engaged sequential PRN aside
model. Thedistinct ideal of concrete (solid65) reinforce-
ment (link180) share  the uniform node.
The model for reinforcement inferroconcrete by dis
tinct methodology (Tavarez 2001) is shown in Fig-
urefive2 and also the ANSYS reinforcement bar material
property for link a hundred and eighty component is given
in Table5.1.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication

© Copyright: All rights reserved.

Exploring Innovation



OPEN 8ACEESS

COMPARISON OF FEA AND EXPERIMENTAL RE-
SULTS FORCFRP RESIN BONDED RETROFITTED
BEAM

Figure 5.3 shows the results obtained for accumulation de-
flection from the FEA by ANSY S15 for subdued and retro-
fitted specimens. A euphemism of the total deformation
predetermined from the experimental

results and the result
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obtained for collection deformation from the FEA has been
spotted in Figure 6.8. Figure 5.4 shows the result ob-
tained for stresses from the FEA by ANSYS 15 for reticent
and retrofitted specimen. Figure 5.5 shows the result ob-
tained for strain from the FEA using ANSYS 15 for con-
trolled and retrofitted specimen.
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Figure 5.4 Stressfor controlled and GP, Epoxy, | SO
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Comparative Study between Analytical and Theoretical Retrofitting of RC Beam with Different Resins Bonded
CFRP Laminates
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V.  CONCLUSION

+ Atthe utmost prescribed load, the deflection
was accrued for the retrofitted beams RB1, RB2,RB3,
RB4 RB5,RB6, RB7, RB8, RB9that were found to
be 11.3, 10,12.4, 23,22.5,20,10,12.4 and 11.30 mm, the
deflection for control beams CB1,CB2 were 7.38 and
8.8mm severaly.

* All the beams strong with CFRP laminates in single
layer expertise flexural failures. None of the beams ex-
hibit premature brittle failure.
* Three resins can make sure that the bond line in single
layer CFRP strong beams doesn't break before failure and
participate absolutely within the structural resistance of
the strong.

* The flexural strength of retrofitted beams RB1, RB2,
RB3, RB4, RB5, RB6, RB7, RB8 and RB9
was 65th larger than inregard to those of
the management beams. From the outcomes, the retrofit-
ting of RC beams with outwardly secured CFRP sheet in
single layer is applied. Orthophthalic resin (GP) was in-
strumental that offers 49kN to extend in fina load carry-
ing capability and what is morethe tip of anchorage
was used to urge obviatethe  deboning break-
down additionally the} valuewas aso found to beso
much less.

* From the experimental and analytical results were min-
imum in single layers of CFRP laminates ought
to be bonded to urge the required results. during
this experimental work, the flexural strength of controlled
and retrofitted beam specimens created minor varia-
tion once compare to analytical flexural strength of
beams.

REFERENCES

Ayaho Miyamoto, Masa-Aki Konno & Eugen Bruhwiler 2007, ‘Au-
tomatic crack recognition system for concrete structures using image
processing approach’, Asian Journal of Information Technology, val.
6, pp. 553-561.

Alex, L, Assih, J & Delmas, Y 2001, ‘Shear strengthening of RC
beams with externally bonded CFRP sheets’, Journal of Structural En-
gineering, vol. 127, no. 4, P. 20516.

Al-Amery, R & Al-Mahaidi, R 2006, ‘Coupled flexural-shear retrofit-
ting of RC beams using CFRP straps’,13" International Conference of
Composite Structures Melbourne, Australia. . Composite Structures
val. 75, pp. 457-464.

Amateau, MF 2003, ‘Properties of fibers’, Course Notes for Mechani-
cal Engineering 471: Pennsylvania State University, Engineering
Composite Materials.

Anania, L, Badala, A &Failla, G 2005, ‘Increasing the flexural per-
formance of RC beams strengthened with CFRP materials’, Constr.
Build. Mater, val. 19, no. 1, pp. 55-61.

Anil, O 2006, ‘Improving shear capacity of RC T-beams using CFRP
composites subjected to cyclic load’, Cement & Concrete Composites

Retrieval Number: 100.1/ijrte.A56900510121
DOI:10.35940/ijrte.A5690.0510121
Journal Website: www.ijrte.org

300,00

Figure5.5 Strain for controlled and GP, Epoxy, | SO resin bonded
CFRP laminated beams

37

7.

10.
. Bencardino, F, Spadea, G & Swamy, RN 2007, ‘The problem of shear

12.

13.

14.

15.

16.

17.

18.

10.

=

50000 (mrm)

28, pp. 638-649.

Aram MR, Czaderski C & Motavalli M 2008, ‘Debonding failure
modes of flexural FRP-strengthened RC beams’, Composites Part B:
Engineering, vol.39, pp. 826-41.

Ashour, AF, El-Refaie, SA, and Garrity, SW 2002, ‘Flexural strength-
ening of RC continuous beams using CFRP laminates’, Cement &
Concrete Composites 2004, pp. 765-775.

Bakis, CE, Bank, LC, Brown, VL, Cosenza, E, Davalos, JF, Lesko, JJ,
Machida, A, Rizkalla, SH, & Triantafilliou, TC 2002, ‘Fiber-reinforced
polymer composites for construction: State-of-the-art review’,

Journal of Composites for Construction, vol. 6, no. 2, pp. 73-87.

in RC beams strengthened with CFRP laminates’, Composite Struc-
tures 21, pp. 1997-2006.

Bousselham, A, &Chaallal, O, (2004), ‘Shear strengtheningreinforced
concrete beams with fiber-reinforced polymer: assessment of influenc-
ing parameters and required research’, ACI Structural Journal, vol.
101, no. 2, pp. 219-227.

Brena, SF &Macri, MM 2004, “Effect of carbon fiber reinforced pol-
ymer laminate configuration on the behavior of strengthened rein-
forced concrete beams J. Compos’, Constr., vol. 8, no. 3, pp. 229-240.
Brena, SF, Bramblett, RM, Wood, SL & Kreger, ME 2003, ‘Increasing
flexural capacity of reinforced concrete beams using carbon fiber-
reinforced polymer composites’, ACI Struct, J, vol. 100, no. 1, pp. 36-
46.

Bukhari, Al, Vollum, LR, Ahmad, S &Sagaseta, J 2010, ‘Shear
strengthening of reinforced concrete beams with CFRP’, Magazine of
Concrete Research, val. 62, no. 1, pp. 65-77.

Buyukozturk, O & Hearing, B 1998, ‘Failure behavior of precracked
concrete beams retrofitted with FRP, J. Composites,” Constr., vol. 2,
no. 3, pp. 138-144.

Canadian Standards Association International (CSA) 2002, ‘Design
and construction of building components with fiber reinforced poly-
mers’, CSA-S8-06, Toronto.

Ceroni, F 2010, ‘Experimental performances of RC beams strength-
ened with FRP materials’, Construction and Building Materials. 24:
pp.1547-59.

ChaallalNollet&Perraton 1998, ‘Strengthening of reinforced concrete
beams with externally bonded fiber-reinforced-plastic plates’, Journal

of Civil Engineering, vol. 25, no. 4, pp. 692-704.

AUTHORSPROFILE

Dr. K.Mohan Das, is working as a Professor
in the Department of Civil Engineering at
CMR College of Engineering & Technology
(Autonomous) INTU Hyderabad-India. He has
done Ph.D in Anna University, Chennai and
M.E (Structura Engg.) from Alagappa
Chetiyar College of Engineering and Tech-
nology has a total experience of 14 Years as a
faculty in the Civil Department. His expertise

liesin the areas of Retrofitting of Reinforced Cement Concrete Structure
using FRP Laminates, Strengthening of RC Elements, STAAD Pro,
ANSYS and Composite materials etc. His Mgjor Area of research in-
cludes off shore structure, Nano concrete and Corrosion of concrete
structure. He has total 10 publications (6 International and 4 national to
his credit)

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication

© Copyright: All rights reserved.

Exploring Innovation




OPEN 8&CCESS

Dr. K.Baskar, is working as a Professor in the
Department of Civil Engineering at CMR Col-
lege of Engineering & Technology (Autono-
mous) INTU Hyderabad-India. He has done Ph.D
in Anna University, Chennai and M.E (Structural
Engg.) from Kumaraguru College of Technology
and has atotal experience of14 Y ears as a faculty
in the Civil Department. His expertise lies in the
areas of Fibre Reinforced Concrete, Concrete
ructures, STAAD Pro, ANSY S etc. Heis Magjor Area of
research includes Composite materials. Email: drkbaskar@cmrcet.org

Dr. C.Selin Ravi Kumar, isworking as an Asso-
ciate Professor at Malla Reddy Engineering
College (Autonomous) JNTU Hyderabad-India.
He has completed B. Tech (Civil Engineering) in
the year of 2008, M. Tech (structural Engineer-
ing) in the year of 2012, Ph. D completed in the
year of 2017 at M.G.R University. He has more
than 14 years of Teaching and Industry experi-
ence and he received Bharat Jyothi Award in the
year 2014 from former Governor of Tamil Nadu. Currently heis areview-
er of an ACI material and Structural Journals, and reviewed as a reviewer
of Advances in Materials Research journal, and International Journal of
Techno Press. Email: Selin.ravikumar@gmail.com

Mr. B.Karthik Chary, is working as a Assis-
tant Professor in the Department of Civil Engi-
neering a CMR College of Engineering &
Technology, Hyderabad. He has done M.tech
from Gurunanak ingtitute of Technology and has
atotal experience of 4 Years as afaculty in the
Civil Department. His expertise lies in the areas
of, Concrete Structures, Steel Structures,
STAAD Pro, ANSYS and Composite materials
etc. His Major Area of research includes Concrete Structures  Email:
bkarthikchary@cmrcet.org

Retrieval Number: 100.1/ijrte.A56900510121
DOI:10.35940/ijrte.A5690.0510121
Journal Website: www.ijrte.org

38

I nternational Journal of Recent Technology and Engineering (IJRTE)

ISSN: 2277-3878 (Online), Volume-10 Issue-1, May 2021

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication

© Copyright: All rights reserved.

Exploring Innovation


https://www.openaccess.nl/en/open-publications
mailto:Selin.ravikumar@gmail.com

