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Bond Strength of Near Surface-Mounted FRP Plate in RC Member

Soo-Yeon Seo"”
"Dept. of Architectural Engineering, Korea National University of Transportation, Chungju 380-702, Korea

ABSTRACT This paper analyzed seventy eight previous test results to evaluate bond strength of Near Surface-Mounted (NSM)
FRP and prediction formulas previously proposed by researchers. The results showed that the most reliable bond strength prediction
was the one proposed by Seracino, who considered the shape coefficient (ratio of width-thickness) and stiffness of FRP. However,
the equation tended to underestimate the bond strength, especially serious when FRP bond length was relatively short, because the
equation did not consider the effect of bond length. Based on the analysis of previous test results, the relation between bond length
and bond strength and the group effect due to close proximity of FRPs were determined. Based on the findings, the Seracino’s for-
mula was modified and it’s applicability was evaluated. The result showed that the suggested formula can be used effectively to

predict the bond strength of NSM FRP.

Keywords : near surface-mounted FRP, bond strength, shape coefficient (ratio of width-thickness), bond length, group effect
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Fig. 1 NSM systems with different shapes of FRP
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Fig. 2 Failure surface of NSMR with FRP plate
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Table 1 Seo's test data?

Specimen [Test result| Failure ok J Jep E, tr by b, ly h,
name (kN) shape (MPa) (MPa) (MPa) (MPa) (mm) (mm) (mm) (mm) (mm)
150-3* 130.4 C 21 2,800 28 160,000 1.20 16.00 17.00 7.20 150
200-3* 133.4 C 21 2,800 28 160,000 1.20 16.00 17.00 7.20 200
300-3* 158.9 C,Y 21 2,800 28 160,000 1.20 16.00 17.00 7.20 300

150-3-1S* 1344 C 21 2,800 28 160,000 1.20 16.00 17.00 7.20 150

200-3-1S* 151.0 C 21 2,800 28 160,000 1.20 16.00 17.00 7.20 200

300-3-1S* 158.9 C,Y 21 2,800 28 160,000 1.20 16.00 17.00 7.20 300

150-3-2S* 136.3 C 21 2,800 28 160,000 1.20 16.00 17.00 7.20 150

200-3-2S* 146.1 C 21 2,800 28 160,000 1.20 16.00 17.00 7.20 200

300-3-2S* 158.9 Y 21 2,800 28 160,000 1.20 16.00 17.00 7.20 300
150-1 88.3 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 150
200-1 90.2 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 200
300-1 125.5 C,Y 21 2,800 28 160,000 3.60 16.00 17.00 12.00 300

150-1-1S 90.2 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 150

200-1-1S 100.0 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 200

300-1-1S 100.0 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 300

150-1-2S 90.2 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 150

200-1-2S 102.0 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 200

300-1-2S 113.8 C 21 2,800 28 160,000 3.60 16.00 17.00 12.00 300

Failure shape: C = concrete split, D = debonding of FRP, Y = yield/fracture of FRP, and P =pull out of FRP
*Specimens with grouped FRP plates (center-to-center of FRP plates = 50 mm, number of FRP plate =3)
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Table 2 Seracino's test data®

. Test result| Failure E t b b t h
Specimen name | =g\ | e (bflﬁa) (Nﬁ;a) (hflga) (lea) (mjrfn) (mrj;l) @mm) | mm) | (nm)
30 Mpa-100-10 20.4 D 30 2,643 16 161,800 | 122 10.02 10.02 420 100
30 Mpa-150-10 232 D 30 2,643 16 161,800 | 1.23 10.33 10.33 4.20 150
30 Mpa-200-10 27.9 D 30 2,643 16 161,800 | 1.22 10.48 10.48 4.20 200
30 Mpa-250-10 26.6 D 30 2,643 16 161,800 | 1.22 10.29 10.29 4.20 250
30 Mpa-300-10 26.0 D 30 2,643 16 161,800 | 1.22 10.38 10.38 4.20 300
30 Mpa-350-10 23.0 D 30 2,643 16 161,800 | 1.22 10.35 10.35 4.20 350
42 Mpa-200-10 30.6 D 42 2,643 16 161,800 | 1.27 10.29 10.29 4.20 200
48 Mpa-200-10 33.7 C 48 2,643 16 161,800 | 1.28 10.10 10.10 4.20 200
49 Mpa-200-10 333 C 49 2,643 16 161,800 | 1.26 10.56 10.56 4.20 200
49 Mpa-200-20 68.6 C 49 2,796 16 161,800 | 1.28 20.43 20.43 4.20 200
49 Mpa-100-20 64.1 P 49 2,796 16 161,800 | 1.27 20.37 20.37 4.20 100
49 Mpa-200-20 75.0 P 49 2,796 16 161,800 | 1.28 20.22 20.22 420 200
49 Mpa-300-20 68.1 C 49 2,796 16 161,800 | 1.24 19.79 19.79 420 300
30 Mpa-100-20 514 D 30 2,796 16 161,800 | 1.20 20.00 20.00 420 100
30 Mpa-150-20 57.8 D 30 2,796 16 161,800 | 1.20 20.00 20.00 4.20 150
30 Mpa-200-20 66.7 D 30 2,796 16 161,800 | 1.20 20.00 20.00 5.40 200
65 Mpa-200-10 45.0 D 65 2,643 16 161,800 | 2.88 10.08 10.08 5.40 200
65 Mpa-200-20 108.8 D 65 2,796 16 161,800 | 2.97 19.77 19.77 420 200
53 Mpa-200-10 31.9 D 53 2,643 16 161,800 | 1.24 10.23 10.23 4.20 200
53 Mpa-200-20 77.9 C 53 2,796 16 161,800 | 1.26 20.47 20.47 4.20 200
53 Mpa-200-10 34.0 D 53 2,643 16 161,800 | 1.30 10.43 10.43 4.20 200
53 Mpa-200-20 72.5 C 53 2,796 16 161,800 | 1.27 20.10 20.10 4.20 200
53 Mpa-100-10 29.5 C 53 2,643 16 161,800 | 1.26 10.37 10.37 420 100
53 Mpa-300-10 37.9 C 53 2,643 16 161,800 | 1.27 10.30 10.30 420 300
53 Mpa-100-20 63.8 D 53 2,796 16 161,800 | 1.25 20.23 20.23 420 100
53 Mpa-300-20 66.3 C 53 2,796 16 161,800 | 1.25 20.15 20.15 4.20 300
33 Mpa-100-15 31.9 P 33 2,643 16 161,800 | 1.26 14.93 14.93 4.20 100
33 Mpa-200-15 47.5 D 33 2,643 16 161,800 | 1.26 15.65 15.65 4.20 200
33 Mpa-300-15 51.6 D 33 2,643 16 161,800 | 1.26 15.31 15.31 4.20 300
65 Mpa-200-10 45.1 D 65 2,643 16 161,800 | 2.90 9.95 9.95 5.40 200
33 Mpa-300-20 67.8 C 33 2,796 16 161,800 | 1.24 19.85 19.85 4.20 300
33 Mpa-200-20 60.7 D 33 2,796 16 161,800 | 1.20 20.00 20.00 4.20 200

Failure shape: C = concrete split, D = debonding of FRP, Y =yield/fracture of FRP, and P =pull out of FRP
Table 3 Seracino's test data'”

Specimen | Test result | Failure Jfex I Jep E; tr L b, ty h,
name (kN) shape (MPa) | (MPa) | (MPa) | (MPa) (mm) (mm) (mm) (mm) (mm)
12x3 59.2 D 37 2,643 16 160,000 | 2.76 12.37 12.37 5.76 350
12x4 54.1 D 37 2,643 16 160,000 | 4.24 12.47 12.47 7.24 350
12x6 47.6 D 37 2,643 16 160,000 | 5.73 12.35 12.35 8.73 350
24%4 130.0 D 37 2,643 16 160,000 | 4.33 24.06 24.06 7.33 350

12x12° 85.9 D 37 2,643 16 160,000 | 12.00 12.00 12.00 15.00 350
30x7 165.3 D 37 2,643 16 160,000 | 7.30 30.60 30.60 10.30 350
26x20" 199.4 D 37 2,643 16 160,000 | 20.60 25.26 25.26 23.60 350
12x30" 115.8 D 37 2,643 16 160,000 | 30.75 12.01 12.01 33.75 350
12x50" 110.5 D 37 2,643 16 160,000 | 50.33 12.19 12.19 53.33 350
12x60" 133.6 D 37 2,643 16 160,000 | 61.03 11.74 11.74 64.03 350
12x70" 144.8 D 37 2,643 16 160,000 | 71.25 11.93 11.93 74.25 350
12x80" 134.6 D 37 2,643 16 160,000 | 81.02 12.28 12.28 84.02 350
12x100" 154.0 D 37 2,643 16 160,000 | 101.08 12.30 12.30 | 104.08 350
Failure shape: C = concrete split, D = debonding of FRP, Y =yield/fracture of FRP, and P =pull out of FRP
“Specimens with rectangular or wide FRP 298| Lo EH0|Q B2 FRP THo| SAZIE | 419



Table 4 Sena-Cruz's test data'

Specimen name Tes(tklr\?)s . Fﬁiﬁf (l\kaa) (I\/g’a) (I\fSa) (I\/ﬁ{a) (mt{n) (nflj;l) (n[q);) (n'tnil) (n]:;)
Lb100 W4 29.4 P 50 | 2879 | 33 |156,100] 145 | 956 | 1500 | 400 | 100
Lb100_WS5 30.7 P, Y 50 | 2,879 | 33 |156,100| 145 | 956 | 1500 | 500 | 100
Lb100 W6 28.9 P 50 | 2879 | 33 |156,100]| 145 | 956 | 1500 | 6.00 | 100
Lb200 W4 345 P, Y 50 | 2,879 | 33 |156,100| 145 | 956 | 1500 | 400 | 200
Lb200 W5 335 Y 50 | 2879 | 33 |156,100]| 145 | 956 | 1500 | 500 | 200
Lb200_ W6 35.0 Y 50 | 2,879 | 33 |156,100| 145 | 956 | 1500 | 600 | 200

Failure shape: C = concrete split, D = debonding of FRP, Y

Fig. 4 Calculated result by Eq. (6)

Fig. 5 Calculated result by Eq. (7)
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= yield/fracture of FRP, and P =pull out of FRP

Fig. 6 Calculated result by Eq. (8)

Fig. 7 Calculated result by Eq. (9)
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Fig. 9 Calculated result by Eqg. (9)
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