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N. Aravind*, Amiya K. Samanta, Dilip Kr. Singha Roy, and Joseph V. Thanikal
Flexural strengthening of Reinforced Concrete
(RC) Beams Retrofitted with Corrugated Glass
Fiber Reinforced Polymer (GFRP) Laminates

Abitract: Strengibening the stnactaral members of old
baxildings using advanced materials is a confemporany re-
search (n the Reld of repairs amd sehabilitation. May
researchers used plain Glass Fiber Beinforced Pobymer
(GFRF) shewts for strengibening Reinforced Concevie (RO
beams. Im ihis mesearch work, rectangulas comagabed
GFEP laminates were ussl for strengiheming RC beams
b & hbewe higher flexarad strength and boed canmyleg ca-
pacity, Type and dimentioss of cormigated pralile weee
selected based on preliminary study asing ANSYS salr-
ware. A total of twenty one beams were tested o shady
the load carpyisg Caguciny of Conraed S pssCemins asd Baima
strenegthened with plain sheets and comegated Laminates
wsing epoxy resin. This paper peesents the experimental
and thenretical study on Aexural stengtheniag of Bein-
forced Comcrete (RC) beames using commugibed GFRE lami-
pates ard the resulis are compared. Mathematical models
wiere developes Basid o6 the experimetstal data and then
the meodels were validated.

Keyveords: GFEF laminates; comaganed peofibe: load carmy
icg capacity; epoxy resan: reinfosced cancreli
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1 Introduction

Strengthenimg of RC beams s necessary 1o obéain the ex
pectid lfespans of structuses, Lile span of RC bram may
rechice bicause of impaoper beam design. ngressdon of
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chemical agents etc, Strengthening of BC beams using
sivel plages and FRF composiies aze mosi commaon glob:
ally. In oeder to minimiee the dousdvantages of steel such
as corosion, high anif weighl. conpection difficultes;
many reseatchers have tried various FRP compossies such
as Arasmid, Glass and Carbon In future. Fikee Reirdorond
Polymer (FRF) materials could play an empartand role for
the constnaction Imdustry [1]. Nowadays, retrofitiing work
for BO siructsral members, GFRP composites are com-
monky ased bevawse of ity excellent propertios such as ligh
steengih, hess weight bo strength ratbo, noncoeposhe natarne
asl vasy kasellng,

Several Bvestipations on strengthening of BC boams
usierg different FRF composiies and adhesives ape stud.
fed andl discussed, 50 G pedeacchens Bave varied the
thickness, position, oeientation and number of Leyers for
retzofiting work.

Hasmid Saadsimarsih ard Mahammad, e stud-
ied experimentally the characteristics of fve rectanga-
lar beams retrofitied using GFRIP plates al tension 2one
with epeory resing [J. It was conchudidd that the GFRP
plate strengihened beams resist more loads and redaces
crack wiidth. Slobodan Ramkowvie & al, kis doss &
perimenial shsdy on BC Beams sirengibened with Near
Surface hlounfed (MSM} reinforced FEF composites |1].
Kang Seok Lee., has adopted differemt iachnigas for shear
andl fexucal strengthening of exiuing BC sinichaes -
ing chopped strand carkbon or glass fibers mixed with
epoory amd vingl ester eesing sprayed on sides amd od-
it of concrete biams with compmesied air |6). Recently,
Hul Peng has done experimental shady on reinforced con-
Crete beams sieengibened wilh poe-sineised mear saface
moustd CFRP strigs (5] Rami A Hawilel has stadied
the behavior of BC beams strengihemed with exiernally
Bondied bybesd Aber eeinfoeced polymens |6 Mohamsmnad
Mamood Raf and All Nadjal.. studied high temperabare of-
fect om RC beams wilh CFRP bars and comspared with nor-
mal temperatuse [7], Previews seseasch on streagihening
works revedls (Bt mare Brpers of FEP matenials appied,
the higher flexaral strengih would be achdeswed [B] This
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ABSTRACT

Gilass Fiber Reinforced Comcrete or (GFRC) ks a composite that has glass fibers insiead of steel sirunds for iis
reanforcement. Remowang the steel reinforcement mot only weakened. but also onsited sieel erosion,
corroston, and their lture Fepaar costs. steel reinloroemen costs, oplimal coverage, amd ¢l

Ia this research. several sownces were tisdied 10 determimne and clanly GFRU's apphcations in onder 1o
compane ity featured propertics with other fibers. Different Digures amd tables provided that show anxd
compare phiyveical amd mechamcal propertes of GFRC and other fiber reinforcemend.

GFRC can be gsed wherever a light, sirong, weather resastani, stiractive, fire resislant. impermeshle matenal
15 requered. i has remarkable phy=ical and mechamcal assets. GFRC properties are dependent on the guality
of materials amd sccuracy of production metbod. Despite its wide range applscations in architecture the chacl
Foal is 1o show g anerodiace imponant strucharal parposes, for mstance; amih rost chamcienstics of GFRC
rande it a pooad replacement for water and sewer papes amd tanks, a than protective layer of GFRC on cononete
heamns and codumns can mncrease thelr durabaliny im Dine as well & bow wempermures and pencrally i is 3 gocud
replacement Tor sesceptible materials in difficalt ensarommens.

Koy Wiords: (Fribor Reindoreemment, Glass Fibser, GFRC, Componate, Lightweight Concrele. Durable).

I. Introduction

Undosbiedly ome of the most mporant malenals in workbasde constructon indusiry that 15 vastly b use i3
comcrele.

[Figure La], Concrele
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Environmental Impacts of Glass- and Carbon-Fiber-Reinforced
Polymer Bar-Reinforced Seawater and Sea Sand Concrete
Beams Used in Marine Environments: An LCA Case Study
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Abatract Apphoation of glisss of carfbon-Abeg-reinboroed paolyvmer (LFRFCFRF) bars maboes the
elirect wse sl swavw aler and sed samed condcrety (FINSET ) i conabnaction feasible, which s of Bigh intienest
in opder to coreerve the limited resmaros of fresh wister and river sand. The present paper performed
thar libe v ler assssimimiaent (LCA) of domsthactisg theee Kids of Beaimns (GFRFACFRR bar-rasdonod
SWESSE boarms, and stevl bar-penforoed comenon conerete (SRCT Beam ) it maring snvEronemends ho
shwrer e envinonmental benedits of using FRT' bar-reinforoed SWSSC beama in marine envinoraments.
Neginding to IS0 A anad B0 BRMM, stages inchading production, ransposeiatlon, cosatnacthon, e
andd wnad-of-lile ape within the LCA's boundary, The Belile merthad andd sight sain inyvironmantal
impact calegonies were weed to charsdtorize the enviconmenits] mpacts of those beams. LCA pessalts
:’;L‘:. irulscate that one culbic eeter SWSSE ponacsers mach b envirosmenial impaces im lerms of
alll pight cabegorios companed wath commman comenete with the same voluse when usesd in marine
e irommmeTis, with reducton rates frem 26 7% o 486% When the two ranspomation distances
e el a5 ared] D0 ke ared withonut commidering e dilletenee in servioe Lile, eompased o SRC
Ewpaen, CFRIP-SWSSE beasn performs betfer in sis catrgiorios and CFRP2SWSSC beam perfosms betier
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1. Iatrmdisdtion

Comcnede is one of the most commanly ased constmuction materials because of igs low
ot and good durability | 1] However, application of concrebe corsumes great amsound of
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- R Iresh water, river sardds, and orushed stones, bringing in severe resouroe depletion problems.
I v s of the workd, resources of fresh wiater and miver sands are bound tobe used up
() (1) | e o beavy construction. For construction in marine ancas, long ransportation distance of
i river sands or crushed stones ard production of desalinated seawater undoubledly cause
Copyrighis 02051 ey Wer dutiures. L high comts and pollution. Thenefone, replacing river sands and fresh water with sca sands
meww MHHT Basl Ss praThs

and seawaler is of greal inberest for the construsction of structunes under the cormosion of
salt-laden air in coastal envinonmenis

Seawaker and sea sind comcpete (SYSS0) has a large amound of chlornide ons inssde
Sinoe heavy corrosion of traditional steel bars is expected to be oocurmed in SWSSC [2]
SWESLC is generally stricily forbidden to be directly wsed for steel-reinfonoed comonete. Sea
saneds, washed with fresh waber g0 reach a very bw content of dhloride jons (eg. less than
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Compression resistance Test: The compression test performed on the cube sample. It will help to counter the problem of the disposal of glass waste for the glass industry and, in addition to this, will also help to prepare the greenest cement. MIX DESIGN M20, M30 & M40 Concrete grades were considered. Balaguru and Surendra P. Swamy, Testing
and Test Methods of Fibre Cement Composites, Published 1978, (pp42-43.) Muthuawamy K.R and Thirugnanam G.S,(2013) Quantity of glass 570.5.5.5 Amount of a clamp76.504 tnemeC 1 gK ni ittebuc 6 rep AtitnauQ 3m/gk AtitnauQ 12.8 76.504 otnemeC 1 gK ni ittebuc 6 rep AtitnauQ elairetaM .oN.S 5732 AtisneD 54.3 521.071 auqcA 5 602.0
02.01 ortev id arbiF 4 37.22 28.2211 onalossorg otagerggA 3 18.41 35.137 enif otagerggA 2 98.6 52.043 otnemeC 1 gK ni ittebuc 6 rep AtitnauQ 3m/gk 4 AtitnauQ .oN.S D xiM 02M rep itazzilitu ilairetam id Atitnauq e alecsim id inoizroporp artsom ehc 01 allebaT 2632 AtisneD 290.0 55.4 erotazzicitsalprepuS 6 96.3 281 auqcA 5 481.0 1.9 ortev id
arbiF 4 20.22 54.7801 onalossorg otagerggA 3 26.21 53.326 enif otagerggA 2 12.9 554 tnemeC 1 gK ni ittebuc 6 rep AtitnauQ 3m/gk AtitnauQ .oN.S C xiM 04M rep itazzilitu ilairetam id Atitnauq e inoizroporp odnartsoM 9 allebaT 6532 AtisneD 280.0 60.4 erotazzicitsalprepuS 6 98.3 55.281 auqcA 5 461.0 11.8 ortev id arbiF 4 38.22 67.7211
onalossorg otagerggA 3 37.21 97.826 enif otagerggA 2 12.8 76.504 tnemeC 1 gK ni ittebuc 6 rep AtitnauQ 3m/gk AtitnauQ .oN.S C xiM 03M rep itazzilitu ilairetam id Atitnauq e inoizroporp odnartsoM 8 allebaT 1732 AtisneD 54.3 521.071 auqcA 5 831.0 08.6 ortev id arbiF 4 37.22 28.2211 onalossorg otagerggA 3 18.41 35.137 enif otagerggA 2 98.6
52.043 otnemeC 1 gK ni ibuc 6 rep AtitnauQ 3m/gk AtitnauQ .oN.S C xiM 02M rep itazzilitu ilairetam id Atitnauq e inoizroporp artsom ehc 7 allebaT 7532 AtisneD 290.0 55.4 erotazzicitsalprepuS 6 96.3 281 auqcA 5 290.0 55.4 ortev id arbiF 4 20.22 54.7801 onalossorg otagerggA 3 26.21 53.326 enif otagerggA 2 12.9 554 otnemeC 1 gK ni ittebuc al
e asivid enoizart alla aznetsiser al ,enoisserpmoc a aznetsiser al. .K ,alwahC .ihledweN ,dradnatS naidnl fo uaeruB ,gninoitroporPxiMetercnoCroFedoC ,9002-26201SI .alecsim emoc otnemec led osep led %3 e %2 ,%1 ,%5,0 olled imuffo id ilautnecrep el odnairav 04M e 03M ,02M otnemec id idarg rep ozzurtseclac id ehcinaccem eireporp id
ovitarapmoc oiduts onu ednerpmoc oiduts oL .B ,irawkeT e .liF-lif -meC DH ortev id erbif el atazzilitu atats “A oroval otseuq ni :ortev id arbiF .3891noitidE tsriF otacilbbup ,icifide de CRG ,esuohedoW .G.R e ecydroF .W.M .555002 otacilbbup ,enoizurtsoc ad ilairetam e inoizurtsoc id atsivir ,inoizacinumocelet id irrot ellen CRG id elarutturts
enoizacilppA ,5002 ocnarB .A.F ,arierreF .G.] J itnemirefiR .inif etnemamertse ortev id erbif noc otazzilaer elairetam A .04M e 03M otnemec id odarg li rep ottegorp otseuq ni etnacifitsalp repus emoc otasu otats "A tsalpnoC :erutximdA .)872pp( ,8 olotipac ,7002 enoizide adnoces ,arbif ni itazrofnir isoizerec itisopmoc ,ssdniM yendiS e rutneB nonrA
.)153PP(,31 olotipac ,2991 oiarbbef ,arbif ni otazrofnir otnemec id itisopmoc ,hahS .inoisulcnoc itneuges el ettaf etats onos ,TECR RSR id otnemec ni oirotarobal len itappulivs ,ortev id arbif ni otamra otnemec lus ittodnoc itnemirepse ilgad enoisulcnoc al e enoisself alla aznetsiser allus enoissucsid id irdnilic ied asivid enoizart alla aznetsiser al. amlac
id enoisuf alled amlac id enoizseclac id aruttoc id oroval id itatlusiR 7632 Atisned 290.0 55.4 rezicitsalprepus 6 96.3 281 auqca 5 672.0 56.31 ortev id arbif 4 20,22 54,7801 onalossorg otagergga >< 3 26,21 53,326 enif otagergga 2 12.9 554 otnemec 1 gk ni ibuc 6 rep Atitnauq 3m/gk elairetam id AtitnauQ .oN.S D xiM 04M rep itasu ilairetam id
Atitnauq e elecsim id inoizroporp artsom ehc 21 allebaT 2532 AtisneD 280,0 60.4 rezicitsalprepuS 6 98.3 55,281 auqcA 5 280,0 50.4 ortev id arbiF 4 38,22 67,7211 ossorg otagerggA 3 37,21 97,826 enif otagerggA 2 the bending have increased until the addition of 1% of the glass fibres, then it gradually decreases. refined aggregate and coarse
coarse : : Zone-II sand was considered for work and machine crushed stone used as coarse aggregate. Perumelsamy N. U. It conforms to IS 12269:2013. Daniel, Darmawan Ludirdja, Toughness of Glass Fiber reinforced concrete panels subjected to accelerated aging, PCI Journal, September-October 1987, (pp83-88). Use of glass fibres as an admixture
in concrete and can add to the concretes final strength and increase its chemical resistance and durability. Bentur, A, and Kovler, K, (1997) Durability of some glass fibre reinforced cementations composites, Fifth International Concrete on Structural Failure, Durability Retrofitting, Singapore, November 27- 28,pp. It can be concluded that an
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Cobalt is a chemical element with the symbol Co and atomic number 27. As with nickel, cobalt is found in the Earth's crust only in a chemically combined form, save for small deposits found in alloys of natural meteoric iron.The free element, produced by reductive smelting, is a hard, lustrous, silver-gray metal.. Cobalt-based blue pigments (cobalt
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