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A Study of the Bond of GFRP Rods in Concrete

and the Internal Forces of Concrete Beams Reinforced with Rebars and a GFRP Rod
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itediingussasdifeAnuindsfaunieaveaus GrRP
(Glass Fiber Reinforce Polymer) fuaaun3n waswgAnssunissu
wsensluvesnuaeunInias UM eanias uuazuvia GFRP
fr85zuUnIAanalndia (Near-Surface-Mount System, NSM)
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Abstract

The objective of this research was to study the bond
strength of GFRP (Glass Fiber Reinforce Polymer) rods embedded
in concrete and to study the internal force behavior of concrete
beams strengthened with rebars and a GFRP rod by using Near-
Surface-Mount system (NSM). Concrete sample for bond
strength test was a cubic size of 150 mm, whereby a GFRP rod
was embedded in the concrete at different embedment lengths
and edge distances from the concrete surface. The rebar or GFRP

bar was bonded with epoxy inside the prepared grooves. The

beams used to study the internal force behavior had a cross
section of 150x250 mm and a length of 2000 mm. Reinforced
concrete beam samples were strengthened with a rebar and a
GFRP rod, and they were tested under four-points bending. Test
results had showed that bonding of a GFRP rod to concrete
groove with epoxy could provide better bond strength than
embedding GFRP rods directly into concrete. An increase in
embedded length of the GFRP rod into the concrete resulted in
a greater pullout load, but the bond strength would decrease.
In addition, increasing the concrete cover (edge distance) of the
GFRP rod did not increase the bond strength. The investigation
of the internal forces in concrete beams revealed that concrete
beams reinforced with GFRP rods showed lesser bending force
and stiffness after crack than those reinforced with rebars,
because GFRP rod has a lower modulus of elasticity than rebar.
Moreover, strengthening concrete beams with GFRP rod would
provide greater bending force compared to the control beam,

but they did not increase the stiffness of the beams after crack.

Keywords: Strengthening, Reinforced Concrete Beam, GFRP Rod,
Bond
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GFRP ffumaunIafie wulnauiiasuiidedaouvia NSM GFRP g
ansosuiminaunsetainnsivilasligydenisiafnvesuis
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wazAuYail 2 gnyimsnaaeulaeds three-point bending test WA
nsAnwInuinuendadanguyesuvia GFRP Te1s Favilway
paunInanunsainsasuanlaliIndnazninenItAuAeunSALES
WiSN ATUABUNSALESUUVIS GFRP agnsrawilaslaliuansliidiuianis
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2.2 deRnwnginssumsiuussmeluresauaouniniiiaiuuse
feumaniaSuuavvia GFRP
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3.1 Sagilinisisy

3.1.1 AounIanamady mdwauszdvesnuuuniiiu 24 MPa
AUNIRNTZIU WaN. 213-2560 [6]

3.1.2 wiannauRai3eu (Round bar) WuAEURIUALENA1 6 1.
%y’u@mmw SR24 muNwsFIU wen. 20-2543 [7]

3.1.3 wmandedeos (Deformed bar) auiadurtugudnats 10
. %v’uqmmw SD40 aNuNIRNIZIU Wan. 24-2559 [8]
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GFRP (mm)

G10ECD15 150 75

G10ECD10 100 75 Havaelumounin

G10ECDO5 50 75

G10E05D15 150 50

G10E05D10 100 50

G10EO05D05 50 50 ) o
Hoaolunaunin

G10E03D15 150 30

G10E03D10 100 30

G10E03D05 50 30

G10E05S15 150 50

G10E05510 100 50

G10E05505 50 50 n3nsosuddnmedi

G10E03S15 150 35 aﬂ‘?)l

G10E03S10 100 35

G10E03S05 50 35
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3.3 35n5nRaey

3.3.1 nsvadeuusaiamies agldia3eq Universal testing
machine fauandluzuil 10 nsmaasuazldnisasu (Pull-out test)
TavinsBagrunsunindiufuinieaaaeuuarld Grip lunisvh
MsAanBuLYs GFRP 9on9Indieganaunda e1uALsIneugeandl
isuanniaiesmeasy

y . Y 5UR 10 NMInadeulsadnmilediiein3as Universal testing machine
35Ul 8 MsvaerunsunInfiliviaaay w1 150x250x2000 LY.
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3.3.2 MINAFRUANISULTIRRTRIAUARUNSALESImAN 1935n1s
NAABUANTAAKUY 4 9A (Four-point bending test) S¥8¥¥19UDs
FIUT0IF U 1.80 4. Ymsindanatarueien (Strain gauge)
musumlsiisunliiftetadnueseaiiintuluminesy uaz
W' GFRP uanaINid vn13Aad 98,Unsal Linear Variable
Displacement Transducer (LVDT) 1ifuanansefsnarsauiiiedn
A1N15wEUFIT AT unelddminnageuL st aarnsEYinH L
nszuen lensednuazgnindsainatauss (Load cell) Wonuiusl
Mg azvianduduiineuseswnninauuaiu insageu
qunsesAATa

Hydraulic

L Load cells

T Lot " ‘

Steel Rig Base }

- 0.65 —‘- 0.50 -~ 0.65 -
=010}~ 1.80 ~0.10

3ﬂ17i 11 MINAFBUNTAAKUY 4 A (Four-point bending test)

4. NaN15IY

o o = <

4.1 AIaeNYeNRanasulas GFRP

NANTYAADULSIAIULMaNTes88 DB10 Way wyie GFRP l4ly

msnadeulsuandlilunsed 3

A51991 3 HaNAERUANAIRIDUMANIESULALUYY GFRP

N ABITULTIAY fasAann
P BEAN
(MPa) (MPa)
Rebar 495 423
GFRP (G)-B2 533 _
GFRP (B)-Bond 464 -

HANINAFEUMATTULIIAaunan DBLO uaz wiis GFRP vl
ansaagulain mdefuusafisveanin DBLO awnsasuusaldniy
1955 Aanunsaduuseisaainlduinndai 393 MPa (SD40)
Tuvauziunis GFRP Susedslddoundnanfi szyanui v nan
(Uszana 600 MPa) ﬁy&ﬁfawLﬁmmnmﬁmmqﬂﬂszﬂ%’uﬁmwiq GFRP 7
wienlaid FsroliAnmiteusaitlifieszacd fuanslugudi 12

gﬂﬁ 12 nMTIURVD NS GFRP

wanInaaeuiaegafilsluneuniniiszesilewindusiatu 150
. duansluguil 13 Fanudn maviuszozveuvesnauninilosu
wis GFRP lafléfdsnaviliussnaugean vierdsdamileidsdunils
mﬂLtsaaaugaqmmsﬁaﬂﬁuﬁﬁ'sé’uﬁaswdmwﬁ GFRP fiupaunin i
Aruntuedelidoddey Tnefd@amideadlasuiianlndifeiu
dnwarn1sIvRvesiigtetasduluudn@n wasuannszany f
wanslusuil 14

JUT 15 uag 17 wanssanisnadeusiegsiiildlunauniniisses
#9100 3. wag 50 uu. pwadu lngazdunaiuin maiusyey
a oA v ' M vy o § v A o w =
YauraInUNIALeiuua GFRP luilddwmariliusinauniaiastn
wilerdauanssiueg 1uddsdnyiuiy anwazn1sivRves
71981991932 AANTITAUVUNAABDN UATLANNTEINYUNETY A9
wansluguil 16 uaz 18
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10.00

B.00
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5.00

Bond strength (MPa)

4.00
3.00
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1.00

0.00

GIDECDIS GIOEOSD1S GIDEO3DIS GIOED3S15 GIOE03S15
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5UR 13 Wlsulsuidsdamiedveaunia GFRP Assesily 150 uu. luidle

a = Y  ae  ad '
paunInlaznsilnedonUszaunIedNenTNTz s vaUAS |

() AARUUUANATEANY

JUN 14 M33vRvesiousiegaiuuia GFRP Nisvewils 150 wal.
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Sample ID

GIDEDSS10

GIOE03S10

15 L‘UiEJ‘ULWHUﬂWa\?EJ@LMuEJ’J‘UENLLVN GFRP ‘V|3uEJwE]\1 100 . TuLua
ﬂauﬂwLmzmiﬂﬂ,mﬂmiwauﬂismumsawan%mwwauma i

3UN 16 MmIdRLUUvaneanvasiiaL iUl GFRP Wissezila 100 wal.

g‘u

11.00
10.00
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7.00
6.00
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Bond strength (MPa)

3.00
2,00
1.00
.00

GIDECDO0S

GIOEOSDOS GIOE03DOS

Sample [D

G10E05805

1168

G10E03805

n 17 L‘UiEJ‘UW\EJUﬂ']aQEJG]LMuEJ’J‘UENLLMQ GFRP Vli BzEle 50 Wil TuLua
ﬂauﬂi@LLa5L‘Uaﬂﬂi%ﬂ’]uﬂ’]EJuWEJ’]E)WE]ﬂ‘UWi%EJ5°UEJU(?I']\‘1 N

(n) FWRwuUEgn

() AUALVULANNTZTANBUNSEIU
3UN 18 m3IvRvesiousnegaiuuvia GFRP iszewils 50 .

o o = P ' o a v
NAN1INAABUNAEIE AUl eIvaIue GFRP 7eluasunings
Funalsin n1snInseauazinn1sienyseauuwvia GFRP funaunIn
Y e a o o o = a v ' '
fhedfendausasurddamilenldunnniinisiauns GFRP aslu
ABUNIMIAEASY AIFLNALALLAISI9N 4 wana il Msidssesilevas
s GFRP TupsunInvzdanarinlyilsenaugeaailananndy uddmn
Asanlumenveardsdamderasdaunaiiuinmddanieias i
LLquuuaaaaLmasm ﬁwauma GFRP ’Luﬂauﬂsmmmmﬂw s
Funelaluansedi ¢ 1/|quLummﬂwmmmmmumﬂvumaaaw
Uanauu (tip) uazliAanainussezil

A o w = =
ATV 4 HANAFBUNTINEALNULD

o szozily o " 89
LI Seulunsilsda . a4
(mm) ganilen (MPa)
G10ECD15 150 5.25
Havaelunaunin

G10ECD10 100 uazilinanediegng 6.91

G10ECDO5 50 6.06

G10E05D15 150 5.46

2621.15

G10E05D10 100 Hvaolunaunin 5.62
WA IEyEyay 50 mm

G10EO05D05 50 6.16

G10E03D15 150 5.37

Havaelunaunin

G10E03D10 100 6.88
UAZIZELYU 30 mm

G10E03D05 50 7.28

G10E05S515 150 7.94

n3nsoILaEn

G10E05510 100 fediiand 8.77
UAzIz8zyou 50 mm

G10E05S05 50 10.68

G10E03S15 150 6.81

n3nseudadn

G10E03510 100 fudfiond 8.63
WAZIZeLyaU 30 mm

G10E03S05 50 6.49
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mﬂg‘dﬁ 19 Wu71ATU B1 TLaSuusaseindn DBL0 a1u15a3u
wseralads 50 kN uagldiiansivAneldusadou uiau B2 7
LESuLsIRELMslanid GFRP danafwiuandanisuanuesneunsna
tiosun Fadunaainnisiiuvis GFRP rnuendadanguasnin
wEnduUszane 4-6 W Tnsazdunaiuinnisinsdiaisdusgng
wn dadfleutumaiiinturesusain audasuussdaldgegaiiios
30 kN AtAansivaneldusaden Tuitl Aafiviuandenisunnues
ATUABUNTAMILAAINAIILAINTY (slope) VoINTINAIINFURUS
s:ijﬁmﬁﬂusinﬂﬁ"um‘ﬂﬂ'qéﬁ"amwa‘”&mﬂﬁmuﬁ'saﬂwﬂﬁlﬁmaa
UANLSA

mﬂgﬂﬁ' 20 WUTIAIUABUAS AT LAS U SR a8UTa GFRP B3
101505 UusIAnle 45 kN LazA1U B4 @111505Uusesnle 52 kN ua
AU B7 Mifiuimdnuasn annsnfuusediald 69 kN devinliagulen
Mswasuf§adiouis GFRP ayliam&smfiuanndudlewfieuiu
Aumuey B1 udllifiuafviua (Stiffness) vasrumdanisunnin
IWiAfiuinntusthadfiulddaey waznsninseuiiewasurdadie
wils GFRP finafiviliAnnsivaneldusaiou

ﬁnﬂgﬂﬁ 21 WUIAUABUNIATILAS RS IA8UYIs GFRP (B2-Bd
waz B7) danafviua (Stiffness) anasuszaunuiesay 26-38 Lile
Wisuilsutiuamuaiuau B1 Ssmaiiiufidsdnsuia GFRP lalldeae
IWanumeunIndadivlua (Stiffness) 1niu WewSeuiieuiuay
AounIaTiasurdsdiomEnduy (81 B5 uar B6) vationatlumsty
n3n3asefiofnss GFRP fnavinlsiadviua (Stiffness) Tuauiian
Teuasla

=Bl Conirol - B2G4

£0.00

70.00

60.00

50,00

40,00

Load (kN)

30,00

20,00

10,00

0.00
0 2 4 6 8 10 12 14 16 18

Deflection (mm)

3UR 19 mudiussenidmdnnsgyiiudnisinsiiifenaisai Bl
Control waz B2G4

—BI1 Control - -B3S4+GI{A)} === B4S4+G1(B)

B584+81 +—B654+81(str75) BISA+GI(str75)
80.00
70.00
60,00

= 5000

E 40.00
— 3000
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