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An Experimental Study to Prevent Debonding Failure
of RC Beams Strengthened with GFRP Sheets

Young-Chan You"*, Ki-Sun Choi”, and Keung-Hwan Kim"

"Building Structure & Material Research Div., Korea Institute of Construction Technology, Koyang 411-712, Korea

ABSTRACT

This study investigates the failure mechanism of RC beams strengthened with GFRP (glass fiber reinforced poly-

mer) sheets. After analyzing failure mechanisms, the various methods to prevent the debonding failures, such as increasing bonded
length of GFRP sheets, U-shape wrappings and epoxy shear keys are examined. The bonded length of GFRP sheets are calculated
based on the assumed bond strengths of epoxy resin. The U-shape wrappings are either adopted at the end or center of the GFRP
sheets bonded to the beam soffit. The epoxy shear keys are embedded to the beam soffit to provide sufficient bond strength. The
end U-wrappings and the center U-wrappings are conventional, while epoxy shear keys are new details developed in this study.
A total six half-scale RC beams have been constructed and tested to investigate the effectiveness of each methods to prevent de-
bonding failure of GFRP sheets. From the experimental results, it was found that increasing bonded length or end U-wrappings
do not prevent debonding failure. On the other hand, the beams with center U-wrappings and shear keys reached an ultimate state
with their sufficient performance. The center U-wrappings tended to control debonding of the longitudinal GFRP sheets because
the growth of the longitudinal cracks along the edges of the composites was delayed. In the case of shear keys, it was sufficient
to prevent debonding and the beam was failed by GFRP sheets rupture.

Keywords : GFRP, debonding failure, U-shape wrapping, epoxy shear key
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Fig. 1 Premature debonding failure modes of RC beams
strengthened with FRP
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Fig. 2 Details of U wrappings to prevent debonding failure

(b) Center U wrap
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Fig. 3 Stress acting on the concrete soffit adjacent to epoxy
shear key
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Fig. 4 Dimension and details of epoxy shear keys

Table 1 Bond strength of epoxy shear key

& bs Ss Ty Ts Vi Vg
(mm) | (mm) | (mm) | MPa) | (MPa) | (KN) | (kN)
20 20 100 0.6 10 4.8 20 | 4.17

ty : Thickness of shear key

b, : Width of shear key

Sy : Space of shear key

T; :Bond strength between FRP sheet and concrete

T, : Bond strength between epoxy shear key and FRP sheet

V; : Shear strength provided by epoxy-concrete interface (80 mm
x100 mm)

V,: Shear strength provided by epoxy shear key (20 mmx100 mm)
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Fig. 5 Application of the epoxy shear keys
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Table 2 Material properties of GFRP composite

K Tensile strength | Modulus of elasticity | Failure
Frp | TH (MPa) (GPa) strain

m
(m )Nominal Test | Nominal Test Test

GFRP| 1.0 560 | 657.1 252 29.5 0.019

Table 3 Material properties of epoxy resin

Compressive| Tensile Flexural |Tensile lap-shear
FRP strength strength strength strength
(MPa) (MPa) (MPa) (MPa)
GFRP 105.2 584 155.5 12.5

«—— 250KkN Actuator
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Fig. 6 Test set-up
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Fig. 7 Dimensions and details of test beam
Table 4 Details of test specimen
. T} Bond length Strengthening
Specimen
(MPa) (mm) Flexural | Anchorage
EC - - - -
EGI-B1 0.44 2,300 Soffit -
EGI1-B2 0.60 1,900 Soffit -
Center
EG1-UCB2 0.60 1,900 Soffit Uwrap
EGI1-UEB2 0.60 1,900 Soffit |End U wrap
EGI1-SB1 0.44 2,300 Soffit Shear key

*1.: Bond strength between GFRP sheet and concrete
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Fig. 8 Debonding failure of RC beams strengthened with sim-
ply bonded GFRP sheet

Fig. 9 Debonding failure of strengthened RC beam with end
U wrapping

Fig. 10 Debonding failure of strengthened RC beam with
center U wrapping
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Fig. 11 GFRP rupture failure of strengthened RC beam with
epoxy shear keys
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Table 5 Test results

Yielding Debonding Ultimate
Specimens | Cal | Exp | Exp | & | Cal, | Cal, | Exp | & &, & Failure mode
(N) | N | GN) | ) | GN) | GN) | RN | mm) | () | (W)

EC 190 | 215 | - - | 204 ] 257 | 294 {4143|3,000f - Concrete crushing after steel yielding
EGI-B1 21.0 | 249 | 419 [14,803| 409 | 503 | 44.6 | 32.74 | 2,329 |18,420| GFRP debonding at midspan after steel yielding
EG1-B2 | 21.0 | 246 | 447 [28,.842| 409 | 503 | 44.7 [50.58[4,219| - | GFRP debonding at midspan after steel yielding

EGI-UCB2 | 21.0 | 282 | 34.8 | 8,743 | 40.9 | 459 | 47.6 |42.30 | 3,207 |19,254| GFRP debonding at midspan after steel yielding
EGI-UEB2 | 21.0 | 28.1 | 327 [9,511 | 40.9 | 459 | 422 {52.96|4907| - | GFRP debonding at midspan after steel yielding
EGI-SB1 | 210 | 259 | - - | 409 | 493 | 46.6 | 40.46 3,726 |18,160 GFRP rupture after steel yielding

Cal,, (calculated nominal value): calculated by nominal strength of each materials
Cal, (calculated ultimate value) : calculated by experimentally measured strength of each materials

Exp (experimental value) : experimentally measured value

Table 6 Tensile stress and strain of GFRP sheet

Specimens | P, (kN) | Pgy (kN) | AP; (kN) |AM; (kN-m)| ATy kN) | fy (MPa) ere (W) Eftest) (H) Er/Em
EGI1-B1 44.6 28.5 16.1 9.69 41.29 412.9 16,384 18,420 0.74
EG1-B2 44.7 28.5 16.1 9.67 41.55 4155 16,488 - 0.74

EG1-UCB2 47.6 29.5 18.1 10.88 46.59 465.9 18,487 19,254 0.83

EG1-UEB2 422 28.7 13.5 8.10 3446 344.6 13,673 - 0.62
EGI1-SBL 46.6 282 184 11.02 47.39 4739 18,804 18,160 0.85

P, : maximum load Py : decreased load after failure APs: Py - Ppy

AMy : moment increment

ATy: tensile force increment

f; : tensile stress of GFRP sheet

g : effective strain of GFRP sheet &gy, : measured strain of GFRP sheet &g, nominal strain of GFRP sheet based on material test
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