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Bond and Flexural Behavior of RC Beams Strengthened Using Ductile PET

Hye-Sun Park’, So-Young Kim>", Myung-Kwan Lim®, Donguk Choi’

Abstract: An experimental study was performed to investigate flexural performance and bond characteristics of RC beams strengthened using ductile
polyethylene terephthalate(PET) with low elastic modulus. Bond tests were planned and completed following CSA S806. Test variables were fiber type
and fiber amount. Also, total of 8 RC beams was tested. Major test variables of the beam tests included section ductility( = 3.4, 7.0), fiber type(CF,
GF, PET) and amount of fiber strengthening. Moment-curvature analyses of the beam sections were also performed. In bond tests, the bond stress
distribution as well as the maximum bond stress increased with increasing amount of PET. In case of 10 layers of PET, the effective bond length was
60 mm with the maximum and the average bond stress of 2.33 and 2.10 MPa, respectively. RC beam test results revealed that the moment capacity
of the RC beams strengthened using PET 10 and 20 layers increased over the control beam with little reduction in ductility by fiber strengthening.
All beams strengthened using PET resulted in ductile flexural failure without any sign of fiber debonding or fiber rupture. It was important to include
the mechanical properties of adhesive in the moment-curvature analysis of PET-strengthened beam sections.
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Fig. 1 Tensile test results of fibers
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Table 1 Mechanical properties of fibers

Fiber S g Ef Area  Thk.  Density
type MPa % GPa  mm’ mm g/mm’
CFroving 1,970 1.16 169  0.446 0.109 0.00180
GFroving 557 128 448 0970 0.424 0.00254
CFsheet 1,820 094 194 17.42> 0.174 0.00180
GFsheet 798 1.68 47.6 40.48 0.405 0.00254
PETsheet 613 1495 7.1' 525 0.106 0.00140

Note: 'Secant modulus corresponding to 1% strain is given for PET
due to non-linear stress-strain relationship; “Cross-sectional area is
given per 100 mm width for all sheets (for bi-axially woven PET
sheet, axial fibers only is included).
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Fig. 2 Curve fitting: PET stress-strain relationship

Table 2 Tensile properties of adhesives

After 3 days After 7 days
Type  Stress  Strain  Eugnesve  Stress  Strain  Eadnesive
MPa % GPa MPa % GPa

K1 32.8 1.11 2.98 36.0 1.34 2.69
K2 43.7 2.01 2.17 40.9 2.58 1.59

J 6.3 7.09 0.89 36.7 1.95 1.88
RES00 - - -- 43.7 0.68 6.43
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Fig. 3 Pull bond test by CSA S806.(2012)

Table 3 Test variables of pull bond test

Fiber  No. No. test Area  Bond length Strain eauges

sheet layers ’ (mm?) (mm) gaug

CF 1 17.4

GF 1 1 40.5 20 S0mmodc for
all specimens

PET 10 52.5

Note: for =40.8 MPa
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Table 4 Summary of RC beam test variables

Reinforcement

Beam cross-section Concrete oot E) Fiber
Series Beam index n Sk Tensi L SC A
X .- MPa ension omp. rea
mm Ductility, 1 MPa MPa Type m? Remarks
B-1-Control IDI13 -- --
CF rovin; 21.0
1 7.0 47.6 (373) - - £
(556) GF roving 79.5
B-1-PET22 (156,000) PET sheet 208 22 layers
Ba 1 200, 250
-2-Contro 3D13 2D10 T -
5 34 s (458) (483) 94.5 10 layers
B-2-PET20 (590) (617) PET sheet 189 20 layers
B-2-PET30 (187,000) (189,000) 284 30 layers

Note: D10 Stirrup, £, = 507 MPa, E, = 180 GPa, for all beams.
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Fig. 8 GF-1: Distribution of fiber axial strain, fiber axial stress and bond stress (&x.gr= 0.0049 at P = 30.1 kN)
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Table 5 Pull bond test results at max. fiber strain of &= 0.0036 for CF, 0.0049 for GF, and 0.025 for PET

Index Sen OX-fiber Ox-K2 Afiver Ax2 Priver P> Priverx2 be Taver- Tmax Tmax Failure mode
Fber (MPa) (MPa) (mm?) (mm®) (kN) (kN) (kN) (mm) (MPa) (MPa) /Zuer
CF-1 0.0036 705 5.81 174 34.8 24.6 0.40 25.0 120 1.41 3.25 2.30 debonding
GF-1 0.0049 236 7.88 40.5 67.5 19.1 1.06 20.2 60 2.51 2.99 1.19 debonding
PET-10  0.0250 99.7 39.8 52.5 210 10.5 16.7 272 60 2.10 2.33 1.11  PET rupture
Note " X = distance over which bond stresses distribute
Table 6 Summary of RC beam test results
o Yield stage Ultimate stage
Series  Beamindex  (dr/bn) P, 4, Stiffness . max Ayax P Failure mode
" P,/P, P
% kN mm kN/mm kN mm max
B-1-Control * - 85.0 7.06 12,04 - 103 41.7 -- flexure
B-1-CF 0.042 98.4 6.98 14,07 1.16 138 23.1 1.34 CF rupture
! B-1-GF 0.159 116 8.90 13,03 1.36 160 24.4 1.55 rip-off
B-1-PET22 0.416 102 8.06 12,66 1.20 137 38.4 1.33 flexure
B-2-Control * - 88.4 8.28 10,68 - 101 46.5 - flexure
B-2-PET10 0.189 96.8 8.18 11,83 1.10 111 57.6 1.10 flexure
B-2-PET20 0.378 108 8.08 13,37 1.22 125 48.5 1.24 flexure
B-2-PET30 0.568 117 9.48 12,34 1.32 142 35.9 1.41 flexure
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Fig. 12 Failure mode of Batch 1 RC beams
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Table 7 Experiment vs. theory: experimental results vs. moment-curvature analysis results

Mies, k:Nm Mipeory, kK'Nm Theory / test, % Uﬁl(tiierilit/e Uﬁl{tiieri'ie Ductgiblj;[)ééyratio
Beam index @, 10-5 @, 10-5
M, M, Mo Mo MMM MMM, (rafi./mm) (rad./mm) W 0 W/.
w/o adhesive w/ adhesive w/o adhesive ~w/ adhesive w/o adhesive w/ adhesive adhesive  adhesive
B-1-Control 283 342 27.1 317 - - 958 927 - - 1.57/109 - 6.96 -
B-1-CF 327 459 294 388 295 390 899 845 902 850 1.59/557 1.59/5.57 3.50 3.51
B-1-GF 38.6 532 294 400 29.6 408 762 752 76.7 767 1.59/6.14 1.59/6.16 3.87 3.87
B-1-PET22 339 456 28.6 359 295 41.1 844 787 870 90.1 1.58/9.83 1.59/8.73 6.22 5.50
B-2-Control  29.4 33.6 319 34.1 -- - 109 101 -- - 1.81/6.12 - 3.38 -
B-2-PET10 322 369 326 356 330 369 101 965 102 100 1.82/595 1.82/5.79 3.27 3.17
B-2-PET20 35.8 415 333 370 341 39.6 930 892 953 954 1.83/578 1.84/5.50 3.16 2.99
B-2-PET30 38.8 473 340 384 353 420 876 812 91.0 888 1.84/562 1.86/5.25 3.06 2.83

Note: Analytical results are shown based on fiber strain of 2.58% for all PET-strengthened beams.
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