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Experimental Study for Shear Behavior of RC Beam
Strengthened with Channel-type FRP Beam

Ki Nam Hong
Department of Civil Engineering, Chungbuk National University
(Received March 25, 2009 / Accepted June 3, 2009)

Abstract : A recent and promising method for shear strengthening of reinforced concrete(RC) members is the use of
near surface mounted(NSM) fiber reinforced polymer(FRP) reinforcement. In the NSM method, the reinforcement is
embedded in grooves cut onto the surface of the member to be strengthened and filled with an appropriate binding
agent such as epoxy paste or cement grout. This paper illustrates a research program on shear strengthening of RC
beams with NSM channel-type FRP beams which is developed in this study. The objective of this study is to clarify
the role of chanel-type FRP beam embedded to the beam web for shear strengthening of reinforced concrete beams.
Included in the study are effectiveness in terms of spacing and angle of channel-type FRP beams, strengthening
method, and shear span ratio. the study also aims to understand the additional shear capacity due to glass fiber
reinforced polymer beams and carbon reinforced polymer beams. And anther objective is to study the failure modes,
shear strengthening effect on ultimate force and load deflection behavior of RC beams embedded with channel-type

FRP beams on the shear region of the beams.
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Table 1. Mechanical properties of steel
Es
(MPa}

Tensile strength
(MPa)

626.2
622.2

Yield strength
{MPa)

500.7
498.7

Bar size

D10

2105

D19

Fig. 1. FRP beams used as shear strengthening material,
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Table 2. Mechanical properties of FRP

FRP Es Ultimate strength Ultimate strain
(MPa) {MPa) (%}
CERP 182,000 2,800 16
GFRP 76,000 2,500 4.2
Laminate 165,600 2,700 ~3,000 1.4

Table 3, Mechanical properties of epoxy

Fpoxy Compression | Flexure strength | Bonding strength
POXY strength(MPa) {MPa} (MPa)
resin200 80.3 422 30

Hof Ab&-gh FRPYI Fig. 13F o] =] NAF
O‘W e AEZCZA T dmmoin §H.o)
£ Somm, ] 20| 30mme] AL FHolth A
g FRPY-2 B Rob felidaa AR 27H4
F5E AMgtoch FRPUIE] Mgk KAAE

WE Yo AHESH BATS T L4mmoln, L&
IOOHHNOTE}- FRP)I3} hAe] osh4 4722 Table
20] UpehHgIEh T1ela FRPUISH CFRPRHS] 52
of AREE o Z A A9 SALOfA] Akl A
oA A7 EAZFL Table 33 Lt

2.2. NEH Xﬂ’"

AeAe AdR7)t aakE AEsh] ¢fste] T
71& 0] 400mm, 2% 250mm= YAsHA Bt
1o} 2,300mm A3 A 871, 3,000mm HFA] 6
4o} AAE B8 ARAbetlel. At v
RETow s AgA] DIOE 374 v
tgon, dohdsto] Gl HIFZAYE Hof
- A1 d FRPE 2] X'WFEW ais ‘:—“‘5}7]
A0 DY 2L [00mm HEoE %R

“T"ﬂ LT U —

dlasigon, HSUe ANARS uis
EO}O% A]EX

%H Ak ke 289 ot

Rl
HJ

o i
— O

S

o

[e]

ﬂ
e

—|—‘ l

T

O

"r‘—|—
£

HJE :Lo, P FLJ FLJ
% o

317
| g sk} s

N

A7) y o) we} EAAS
s, ERER AAL WA 0% A%
A1E sl CFRPERE Raslgich Bhe E
2AEE AL B el olgstel Zo|
30mm, & Tmm&) & 50mm FAOR ‘6:}“6} o)

el ATAE o) 3 U Bl EEAD 2
el EAARES Abeiste] sk
- !

MHl(2, 3), 5}—/]“/‘“&? o] &
Zﬂ,( 00mm, 300mm), 27
X%O}_Oﬂl;} Ohﬂ 75‘

Gl 3ol 74

ol ftiﬁ

(CFRP, GFRP),
BHO0°, 45°),
RS S

o

i
P23
G

Journal of the KOSOS, Val, 24, No. 3, 2009



AL FRPE 2 HZIEI RCEO| M B0l &8t HE™ (7

Table 4. Test programs

=

Specimens Beam length Shear span ratio FRP Dimension of RC Spacing of FRP beam | Angle of FRP beam
P (mm) (a/d) beam bxh(mm) (mm) )
CON-R3.0
CF-R3.0-HS200 CFRP 200 90
GF-R3.0-HS200 GFRP 200 90
e — 3,000 3
CF-R3.0-HS300 CFRP 300 90
GF-R3.0-HS300 GFRP 300 90
CF-R3.0-BS300 CFRP 300 90
CON-23
- | 250%400
CF-R2.0-HS200 CFRP 200 90
GF-R2.0-HS200 GFRP 200 90
CF-R2.0-HS300 CFRP 300 90
T —— 2,300 2
GF-R2.0-HS300 GFRP 300 90
CF-R2.0-CS300 CFRP 300 45
GF-R2.0-CS300 GFRP 300 45
CF-R2.0-BS300 CFRP 300 90
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Table 5, Test results
Specimens Ultimate load(kN) Shear strength(kN) Increasement ratio(%) | Maximum displacement(mm) | Ductility ratio
CON-R3.0 264.0 132.0 - 7.02 1.00
CF-R3.0-HS200 356.6 1783 35 16.51 2.04
GF-R3.0-HS200 360.6 180.3 37 17.19 28
CF-R3.0-HS300 366.2 183.1 39 16.71 1.94
GF-R3.0-HS300 375.6 187.8 42 18.15 1.53
CF-R3.0-BS300 274.6 1373 7.49 1.00
CON-2.0 498.6 249.3 - 8.65 1.00
CF-R2.0-HS200 567.2 283.6 14 12.13 1.54
GF-R2.0-HS200 546.4 2732 10 9.98 271
CF-R2.0-HS300 5144 2572 3 791 1.00
GF-R2.0-HS300 513.8 256.9 3 8.31 1.00
CF-R2.0-CS300 558.6 279.3 12 14.19 1.73
GF-R2.0-CS300 559.4 279.7 12 13.26 2.11
CF-R2.0-BS300 466.2 233.1 -9 7.60 1.00

CF-R3,0-HS200 (d) CF—R3.0-HS300.

©

(@

Fig. 3. Failure mode (a) CON-R3,0 (b) CF-R3.0-SB300 (c)
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Fig. 5, Effect of spacing of FRP beams on the load—deflection
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