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Verification of Effective Bond Length Model
Between Fiber-Reinforced Polymer Laminates and Concrete
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Abstract The excellent reinforcement performance of fiber-reinforced polymer(FRP) sheet bonded to
concrete is verified, importantly, by estimating the correct bond strength between concrete and the FRP
sheet. The effective bond length also plays an important role in this verification. Generally, many
parameters, such as the type, elastic modulus, and thickness of the FRP sheet, the compressive and
tensile strengths of concrete, and the experimental constant, affect the effective bond length. Since these
various parameters make it difficult to quantitatively evaluate the effective bond length, a model that
can easily be used in practice for the evaluation is needed and yet to be developed. Hence, this study
analyzed the above-mentioned parameters in 15 proposed models and compared them to the
experimental results of 188 specimens using the bond strength models of Chen & Teng and Iso.
Consequently, this study indicated that highly accurate bond strength could be estimated by simple
effective bond length models that included the strength of concrete and the elastic modulus and
thickness of the FRP sheet.
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Table 1. Factors considered by existing effective bond length model

Effective bond length model

No. 1 2

Factor name

3

4 5 6 7 8 9 | 10 12

concrete compressive strength(f,)

concrete tensile strength(f,)

elastic modulus of FRP(E})

thickness of FRP(tf)

width of FRP(bf)

strain of FRP( Ef)

bond length(Z = 100mm)

value calculated from experiments(a, /\1, )\2)

constant determined from a analysis(dfv k)

maximum bond stress(7,)

slip at 7, ()

shear stiffness of adhesive Iayer(Gu/tu)
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Table 2. Experimental database and analysis

results calculated by

Chen&Teng's bond strength model

Concre'te FRP properties P, (kN)(Predicted value)
properties P
Name No. 7 7 R I ¥ (k;\t])
¢ ¢ f f W@ |6 |06 |00 0| 0d|as
(MPa) | MPa) | (mm) | (MPa)| (MPa)
0.111 | 70 10.5 11.4
2777 |6.46~ | 4.3~ 6.1~ [7.0~ | 6.3~ 3.6~ [7.3~ | 4.2~ |63~ |8.4~
Tanl15] | 12| 286 | 2.9 | 0.169 | 100 ~ ~14. |
0338 | 130 | 300 |13.95| 61 | T (86 13289 | TS| 53 |103] 84 | 92 |119
Zhao et | | 156 | 208 | oo | 100 | Lo | 11~ |74~ 1f9 1%4 1231107 ) D155 114 9.1~ 9.8~ 136
al.16] 27.9 | 2.87 150 1275 | 84 | 5001170 L 164 | 124 [ 202 | 71 142 | 91 | 124] 17,
23.5 8% 100
Takeo et | 53| 7 | 2,61~ | (10 | 200 | 2942 |6.75~ |44~ |98~ |6.2~ | 2.2~ |6.5~ | 7.6~ |3.6~ | 7.3~ | 5.6~ | 6.4~ 9.0~
al.(17] 481 | 387 | g3 | 300 | 3481 |1435| 80 | 163|113 | 7.0 | 117|127 | 73 | 13.2| 216 | 123 | 164
0501 | >®
Reni8l | 30 gii 32'252 0.33 ]6(;)0 3271|461~ |33~ | 6.8~ |47~ |2.0~ |49~ [5.1~ | 2.8~ | 5.4~ | 5.5~ | 48~ |6.8~
: ' 0507 | 1o | 3890 | 22.8 | 14.9 [ 35.2 | 21.1 | 11.4 | 223 | 21.7 | 15.5 | 27.0 | 27.4 | 25.0 | 27.2
22| 36 150
011 | 75
Ueda et | || 22.6~ | 255~ 0612625 ;gg 2940 | 2.4~ | 1.3~ |29~ | 1.9~ | 14~ | 20~ [27~ | 1.1~ |22~ | 1.7~ |19~ | *B
al.(19] 447 | 371 | 055 | 300 | 3479 | 380 | 25.0 | 59.2 | 35.4 | 182 | 373 | 35.0 | 264 | 455 | 47.6 | 424 | (o .
055 | 700
Wuet | o] 420 | 371 0083~ | 250 | 4200 |18~ |76~ | 200|108 |50 [ 1141139177 | 144 1g5 1128 124
al.20] 57.6 | 421 | 10 | 300 | 4400 |27.25| 149 | o7 | o1 | 143 | )00 | 10| 17.9 | g1 1427 | 0 | s
1500 .
Dai ot o1l 3030 |23.1~ | 133|326 188 [ 11.2]195 | 209 | 12.1| 23.1 | 153 | 205 | 24.7
aligl [ 10 3B |32 g | B0 3500 (600 | LS LT T S S s ST
al : 3950 | | 23:0[506325|21.2|33.9 | 29.9 | 22.6 | 40.1 | 46.0 | 37.0 | 42.8
Koot | 1al 314 | 200 | oien | 300 | s | 44~ |35~ [92~ |50~ |62~ |52~ | 20 20~ [60~ |27~ |51~ [68~
al.21] 0393 iado | 156 | 72 |162]102 142106 | 7 [ 66 | 123|112 | 111|140
0.111 10.1 | 24.1 | 14.3 15.0 | 187 17.8 | 11.7 | 15.8 | 18.6
Bima et | o | 24~ | 25~ | 0167 | 100 | g0 168~ | 70| T8 | 1T g0~ | 0| 2 o~ | 0 TS
al.22] 3651 33 8;;2 150 283 | 169365239 | 103 | 248 | 23.1 | 104 | 202 | 344 | 269 | 322
Carlo et || 58 | a5~ | 015 Fes | 3000 (121~ |76~ 21T 107 35~ |17 146 g6 | 150 g7 [ 137 116
al.23] 63 | 47 | glos | 130 | 3430 | 298 165 | (0o || 95 | 0o S| 211 | 50 1478 | Tl o0
100
Kamharwa | 1369~ | 32~ | 0111 | 15 13320 | 20~ |16~ 3.9~ |23~ |21~ |24~ |33~ |15~ |28~ |20~ 25~ |30~
oL 755 | 5.36 | 0.222 213500 | 149 | 86 | 220|122 |12.1]12.8|188 | 84 | 155|105 13.9 | 15.1
al.[24,25] 175
250
oral |1gg| 15:6~ | 208~ [0.083~ | 6O~ |1500~ | 2.4~ |13~ |29~ 1.9~ | L4~ | 2.0~ |27~ | L1~ |22~ | 1.7~ | 1.9~ | 2.8~
75.5 5.36 1.14 700 | 4400 | 60.9 | 25.0 | 59.2 | 35.4 | 21.2 | 37.3 | 35.0 | 26.4 | 45.4 | 47.8 | 42.4 | 43.5
Table 3. Linear regression analysis results(%?)
Effective bond length model no.
Bond strength model name
OO ® @6 |6 |79 |00 | a5
Chen&Teng 0.85 | 0.84 | 0.85 | 0.50 | 0.85 | 0.44 | 0.85 | 0.86 | 0.76 | 0.86 | 0.81
Iso 072 0.68|0.72 | 0.56 | 0.71 | 0.21 | 0.73 | 0.72 | 0.69 | 0.73 | 0.67
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Fig. 1. Comparisons of predicted and test bond strength
based on Chen&Teng's bond strength model
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Fig. 2. Comparisons of predicted and test bond strength
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