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Evaluation of Structural Performance of Reinforced Concrete Beams
Retrofitted by Embedded FRP Rod and Metal Fittings

Gee-Joo Ha,”” Jong-Hack Shin,” Young-Joo Ha,” and Hyun-Wook Kang"
"Dept. of Architecture Engineering, Kyungil University, Kyeongsan 712-701, Korea

ABSTRACT In this study, experimental research was carried out to evaluate the structural performance of the reinforced concrete
beam using strengthening materials (embedded FRP rod, metal fittings) in existing reinforced concrete buildings. Seven reinforced
concrete beams comprised of retrofitted embedded FRP rod (BCR series), embedded FRP rod with metal fittings (BCR-AC series),
and standard specimen (BSS) were constructed and tested under monotonic loading. Design parameters of test specimens were
amount of embedded FRP rod and metal fittings. The test results showed that the maximum load carrying capacity of specimens
with embedded FRP rod (BCR series) and embedded FRP rod with metal fittings (BCR-AC series) increased by 21~55% and
21~63%, respectively, in comparison with the standard specimen BSS. BCR series test specimens failed by the adhesion slip and
concrete cover separation. BCR-AC series test specimens failed by the adhesion slip due to the confining effect of metal fittings.
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Table 1 Design parameters of test specimens

Specimen Main objectives and design parameters
BSS ACI building code 318M-08 KCI 2007
BCR1 Embedded FRP rod 1EA

(spacing 100 mm, embedded depth 20 mm)
BCR2 ' Embedded FRP rod 2EA
(spacing 70 mm, embedded depth 20 mm)
BCR3 Embedded FRP rod 3EA
(spacing 50 mm, embedded depth 20 mm)
Embedded FRP rod 1EA
BCRI1-AC | (spacing 100 mm, embedded depth 20 mm)
Metal (channel type, spacing 875 mm)
Embedded FRP rod 2EA
BCR2-AC (spacing 70 mm, embedded depth 20 mm)
Metal (channel type, spacing 875 mm)
Embedded FRP rod 3EA
BCR3-AC (spacing 50 mm, embedded depth 20 mm)
Metal (channel type, spacing 875 mm)

Table 2 Mechanical properties of the reinforcing bar

Bar size | E; (MPa) | f, (MPa) | o, (MPa) |Elongation (%)
HDIO | 1.95x10° 455 636 26
HDI13 2.04x10° 402 690 28
HDI16 | 2.01x10° 420 710 29
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Fig. 1 Detail and retrofitting method of each specimen (unit: mm)
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Table 3 Test result of concrete strength
Age (day) f, (MPa) | E, (x10* MPa)
28 150 25.9 2.0

Slump (mm)

Table 4 Mechanical properties of the steel plate

Size Modulus of | Tensile strength | Yield strength
elasticity (MPa) (MPa) (MPa)
SS400 1.8x10° 340 238

Table 5 Mechanical properties of the embedded FRP rod

Tensile |Modulus of N Strain
. .. Poisson's .
Thickness | strength | elasticity ratio capacity
(MPa) (MPa) (%)
5 2,386.8 1.99x10° 0.31 1.2

Table 6 Mechanical properties of the epoxy resin

Compressive| Flexural | Adhesion |Bond strength
Index strength strength | strength of tensile
(MPa) (MPa) (MPa) shear (MPa)
Epoxy 112 63.7 3.61 11.6

*Remark: KS M 3015, KS F4715, KS M3734
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Fig. 2 Test setup of test specimen
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(b) Retrofitting specimens

Fig. 3 Location of strain gauges

U8 FRPE BEUHES U6t H2E32|E 29| FXHs HIt| 447



B2 WY FRPE RAAER BE doEay
B9 PRYES Frre) Astel 9

Yol o yEE Fa ¥
Fig 354 0] ¥AAAL, 47483

J+i4

3.1 T=AYH

HAIFTAYE He| 2% MAS A% Widd FRP
Byl wpAEe uadsE ushy) 95 iE Ao
ZAZE B AFA BSS7F A€ wj7kA] A slste]
o] AT FESI L Fig. 494 Uehd vl 3o
3 NP E 27)HFLEL 35 20kN, HZ 0.91 mmol|A]
TG dAsE o, o] =5 FhelA E}—’F
APt 28] 3 103 kN, A 5.1 mmolA <l
9] FuI Akrdo] BAsIATE HslE 134.36kN
oA FAE s 7F XA =AEA Yol A F7FsEA
on, #49% o] UYPHHA HdIA= A YL,
AR A 9] AsS sl

;mEHImZHI

3.1.2 1YY FRPE EZ A2 (BCR ALl X)

A FRPE-2] BAFES 2ol e dFA <
ste-H 9= Fig. 59 om, +4 Ay v 2t

)% FRPEOM = BT & WeHe a7 &
2E(A¥A BCR2) > & 32(AFA] BCR3)> S R I
Al BCRH)# Zo] vehton, & 2825 B7s JdEA
BCR2E ¥ 12& 173k é_lfﬂxﬂ BCRloﬂ H]ste] o]
2 Zowg Zy1e v, B 3RS w7sl A3 BCR3
< AFA BCR2Y Hlokﬂ Oolﬂﬂ Welo] ZHasiaieh.
oly st Axrt yeld o= A8 BCR3Y A5, &
At o] E7kA o] Ui Fob 3E FAETL &
3] &R K8, v wWiyay] s & wEel A
7= dE FAYES] dHdde] U oz A7) wiE

Fig. 4 Load-displacement relationship of each specimen
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Fig. 5 Load-displacement relationship of specimen (BCR
series)

Fig. 6 Load-displacement relationship of specimen (BCR-AC
series)
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Table 7 Failure mode of each specimen

Specimen Failure mode

Ductile flexural failure due to concrete crushing

B
S8 following re-bar yielding

Flexural failure due to adhesion-slip of the FRP

BCRI rod after re-bar yielding

Flexural failure due to adhesion-slip of the FRP
BCR2 rod after re-bar yielding, followed by concrete
cover separation

Flexural failure due to adhesion-slip of the FRP
BCR3 rod after re-bar yielding, followed by concrete
cover separation fully

Flexural failure due to adhesion-slip of the FRP

BCRI-AC rod after re-bar yielding

Flexural failure due to adhesion-slip of the FRP
BCR2-AC | rod and partial concrete cover separation after
re-bar yielding

Flexural failure due to adhesion-slip of the FRP
BCR3-AC | rod and partial concrete cover separation after
re-bar yielding fully
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Fig. 7 Crack pattern and failure mode of each specimen
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B e Wao] Awe 2718 ¥ 4ER 2AE} 9 . Py
5= Aol 3ol Aty s} WAl ETh Specimen Poax (KN) | AP (KN) P (standard)
BSS 140.6 ] -
322123 FRPS SZEBH BCR AIZIX) BCRI 162.7 0.1 1.16
U FRPEO] BAGAE FEsty] flske] MUY BCR2 2083 67.8 1.48
FRPE [E-32S H7) P 234 BCR Alg]=z9] 9= 3 BCR3 185.4 443 132
= Rk QA o] ARl p2ptde] EAsh= BCRI-AC 162.9 23 1.16
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sttt A¥A BCRI= Aot ZAES] &2 A7
© WA erakAw AgA BCR29F A#A] BCR3E
sjmpe) Gee] w37} dojstet. ol = gt e
o] ¥y Rt oty WiEow e,
3.2.3 1Y FRPE U HZAE HZASH (BCR-AC A2l X)
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AAES FEHER AhAE AAS Aol F7IeHT
ARAL 13 93 F 23 wREA} Hold Aoz 1
EbstTt.
fQlE FRPE 2% o] W73k Aol 79 kA
& d4e] BAEE BAA YERRA] skt A
JA BCR2-ACE 2P A BCR29 H]dte] e 7}
= ey BAEEe] #5992 W ey FxH
Aom, HstFdd =gt o|F utE I 7p BAEHA| Fig. 8 Load-carrying capacity of each specimen
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Table 9 Comparison of displacement ductility for each spec-

imen
Specimen 6, (mm) 6 (mm) Ductility (6,/ &)
BSS 5.35 19.37 3.62
BCRI1 5.09 22.64 4.45
BCR2 5.92 20.94 3.54
BCR3 7.50 11.05 1.47
BCRI1-AC 5.09 32.12 6.31
BCR2-AC 6.16 23.12 3.75
BCR3-AC 7.16 16.17 2.26
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