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A Study on the Evaluation Method to Flexural-bonding Behavior of FRP-Rebar

Concrete Member

So-Yoeng Choi', Myoung-Sung Choi’, Il-Sun Kim', Eun-Ik Yang®

Abstract: FRP has been proposed to replace the steel as a reinforcement in the concrete structures for addressing the corrosion issue. However, FRP-Rebar
does not behave in the same manner as steel because the properties of FRP are different. For example, FRP-Rebar has a high tensile strength, low stiffness,
and linear elastic behavior which results in a difference bonding mechanism to transfer the load between the reinforcement and the surrounding concrete.
Therefore, bonding behavior between FRP-Rebar and concrete has to be investigated using the bonding test. So, Pull-out test has been used to estimate
bond behavior because it is simple. However, the results of pull-out test have a difference with flexural-boding behavior of FRP-Rebar concrete member.
So, it is needed to evaluate the real fleuxral-bonding behavior. In this study, the evaluation method to flexural-bonding behavior of FRP-Rebar concrete
member was reviewed and compared. It was found that the most accurate evaluation method for the fleuxral-bonding behavior of FRP-Rebar concrete
member was splice beam test, however, the size and length of specimen have to increase than other test method and the design and analysis of splice
beam is complex. Meanwhile, characteristics of concrete could be reflected by using arched beam test, unlike hinged beam test which is based on the
ignored change of moment arm length in equilibrium equation. However, the possibility of shear failure exists before the flexural-bonding failure occur.
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(a) Chemical adhesion and
friction between concrete and
FRP
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(c) Forces exerted by ribs on concrete

(b) Reaction of concrete on ribs

Fig. 1 Bond force transfer mechanisms (Tang and Cheng, 2020)
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(a) Concrete tension stress

(b) Concrete tension stress

(¢) Reinforcement tension stress
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(d) Direct tension bond stress

Fig. 2 Distribution of bond stress by direct tension (Lee, 2011)

NN NN AN Ay

[ l. L {

(a) Reinforcement concrete beam

(b) Distribution of flexural moment

(d) Distribution of flexural-bonding stress

Fig. 3 Distribution of bond stress by flexural tension (Lee, 2011)
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3.1.1 B-g) A P4 43 (Beam-end Specimen Test)
B-GR A A= 2 SHA 9 3B E EE shdhel| B

Table 1 Comparison of properties for test variables
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Hke} ol 2] (1), (2), (3)= ©]-8-3te] AASITHASTM, 2015).
Z.d,+200£13mm (1)
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Steel

Conduit |

Bar Area = 1/2 Area

of Test Bar \O\ ; /
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Test Bar

I |
7 Bond Breaker

| Bond Breaker Dimensions in mm
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115 Bonded Length Lead Length 38
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Fig. 4 Schematic of BeaEm-end test specimen (ASTM, 2015)

Hinged beam

Method Beam-end Arched Beam
Type A(Z <16) Type B(Z = 16)
Diameter of reinforcement [ &, mm]  w/ Specific requirements <32 w/ Specific requirements
Bond length [mm] <300 102 40 +£50
Anchorage length [mm] None 175 200
Transverse(Auxiliary) reinforcement [ea] 4 7 (26) 11(210) None
Width (b) Z+200=+13 100 150 200
Specimen Size Height (h) > G+ Cpx 1 +60 180 240 200
[mm] Span length (Lgpan) - 650 1,100 80 J+100+Diameter of arch in beam
Total length (L) 600 + 25 800 1,260 Lgpan + 100
Concrete cover [Cp, mm] 38 50 151030
Compressive strength of Concrete [MPa] 31t038 25+50r50+5 w/ Specific requirements
Spacing of the loads [mm)] =0.9/, 150 200 200
Loading condition Cycling loading (according to bond strength) Monotonic loading
Temperature (°C) 20+2
Curing condition w/ Specific requirements e
Humidity (%) 55+5

" Embedment length
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3.1.2 A7 Q= F-A| ¥ (Hinged Beam test)
A7} A= —rZH-J B4 A5AA Y ZAYE S5 270
o SlgRol s WATe, TR Sl A2 Ay
Fig. 67} 2t} *]754%1]-4 A7 BT 33 AA o S

won), 58 B2 33 170l 16 mmE AFake 2T
E 820 57 9 o), nze] vy Lo, 315 71 A%
o] 1A gl Tl AAH = RIA 9] 7| = IS W=t
Direction of Movement ,/
of Hydraulic Ram, Load Rods ==
<«——and Test Bar Yokes
S T =:..)-E
o
a
o
Al
Direction of Compression Reaction
on Test Specimen —»
T 1 ha) () l.-Specimen

Pedestal

™~ Machine | Direction of Reactions
Pedestals a) From Pedestal
b) In Tie-Down Rods

} v

v A Laboratory Floor )

Fig. 5 Schematic of test apparatus (ASTM, 2015)
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Fig. 6 Schematic of hinged beam (RILEM, 1973; BSI, 2005)
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(RILEM, 1973; BSI, 2005).
3H, AdAel 7hshs sk AlRAl Sl TSk
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3.1.3 o} 7} 9,1—‘-— A A3 (Arched Beam Test)
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Fig. 7 Schematic of arched beam test specimen (BSI, 2000)



32 FRY 42 0|8sHK| = 232IE FAfe
-5F& S Eoiy

ACI 408 Committee2} ACI 440 Committee®] W24, B 7}
S 2T EL 722 AT S A= 4 84| nE
A FEATES BrVska B2 9 FRol AAlE 1 A
o] & gsltiar 43I THACI, 2003; ACI, 2007; Rteil et
al,, 2011). Wb LI E BAS A|2tste] g-22-9 37}
g = = A e ol Bete] AES YT

uio_l- 1r

3.2.1 =47} l= HA A8 (Anchorage Beam Test)

EA7F e A A PA S B TR o] FEjo) vl
FrAFS, B2 ] vl R2; 2 27} EA) 3 Fig. 8
1Ql npe} o], KA o] Aek A 3tol| A= -2 77H8 ghr st
a1, =7 A Aol A o] BAFEe] LA NE H A4S}
317] 918t A Ao A B RZ 218 SR s okttt 3L o)
Aol A= AA7 2ol wet AR BT B2 dolg &
8] S Qe AFA S 275 gHslokstal A E
A Tl 3 2 I E FES T YES 47 A5t 32
2] g3} oF $FtHMazin et al., 2018; Hamad et al., 2005).
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3.2.2 A olSo] = B4 A (Splice Beam Test)

HAlolgol Y= FA NP2 A B A= H o] &
o] R E 9l dukr o= A5t F3st= A3 Y
o2 JFRAAZY] AXlols FRto]l FAYE FAY &
TRl A== A Al A otk

Dimensions in mm

' '

Unloaded end transducer

Debonded region Strain gauges

350

Embedded region

150 ) 300 to 500 ‘50 ) Various 50

1500

Fig. 8 Schematic of beam anchorage test specimen
(Noél and Parvizi, 2020)
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Fig. 9 Schematic of lap splice beam test specimen (Choi et al, 2012)
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< H3}] flste] A o] QIgAee Aol gEAHE st
Thol] 31 A 98- =888 4= JTHChoi et al., 2012). TEZF 4]
7t g &

S HA A GAL) AF W TR R 85 7}
= 5, AgAS) 27 58 QolE HEE 4 Ak
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1 BB AP A A9 (Beam-end Specimen Test)

o] AL Qo) =EH o AL vlste] Z3E
Goll = A-ERIE o3 ¢hFeo] YT F IUEE A

E
AN, N@A ] 7= AHRE e BAe] 2740 o
g} Wslslar, o] 2R13) B AREEo] Fa) e HX]
v FFE IS F Ut =3, FAYEV} S e Fol
Ao B o] U] e B2 BT A e Bt
BEE A B71E T e AH o] JTHACI, 2003). ™ehA]
AEA R = B A52R] 5400 wE T2 e
£ A% 3718 4= 9t} (Darwin and Graham, 1993).

ghA, AE Ao x 7]sE viel o], E PSS B 4
o7l 73t Fee BATE AHEShe AT E 7R A
of A A o7 AL gltt. o] FLI F-2 71 7

(
i~

2 B A ol FAe] de T AL g HG 2 e
THAH, A BATe] B3 FERT 57 871 7] miol
O mEpA BAe] Fapol mhE 544 viaofRt 288 ES
AgHE o] ATk (ASTM, 2015). B=FE A@A o 3h50] 7hei &
o 23 E golA BAshs 5ol thet ik o) 9
I A7 G ol e] Zeto] Aol ofjt 38 W& NI
A FIEE A FEE o e B R
7} QITHChun et al., 2008).
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4.1.3 o}x|7} Q= H-A] 43 (Arched Beam Test )

OFA|7} Q= FANE o] 87 F-FA AP A A=
A A} 2] ZRlE Zdolo Wl o3k A ES] &
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A2 7 o|F ZAES] IFe LA b7 el

154 32RZSFICLSX|p2|25ts =2F M 253 H 55 (2021. 10)

oz s
st ALkE F2-3E-E B3l Wrtal ok AA| FRElA T
Aoz F2-3-9 3 FARES 43 THON, et al 2014; Oh,
etal 2011). =3h A3 747 e vHESES 7S 49,
A ol o M =R= FHe| jo|7} WA
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E Aol AFE T W7t F Ade2 ERISHATHON et
al 2014). 3, 2 A3 Aol IR A

< kA 7] wizoll -7zt &J gk 9k o] ol Hds}
A7P T 4= Qo B2 o] & Fofsf o gtk

42 A8 40| gl= &-5F& @olof chet 4=
4.2.1 X7} )= 54| A& (Anchorage Beam Test)
A7) e FAE o83 A F WHS A 7= vke}
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A 5 Q7] W] 2 E FAle] T2 AFL A
o2 HIF % Q= Aol ek T, A7} Y 1Al
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L8 FY 9 )R AA S B AR Rl R 1
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219 59 230l 9008 BHoI20l An
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