Appendix

Table A.1. Results and properties of four-point bending tests of flexural-strengthened beams
Table A.2. Results and properties of four-point bending tests of shear-strengthened beams
Table A.3. Results and properties of the strengthened columns tests

Table A.4. Dimensions and characteristics of beam-column joints

Table A.5. Details of external strengthening of beam-column joints

Table A.6. Results of the load capacity of strengthening beam-column joints

Table A.7. Results of the ductility index of strengthening beam-column joints

Table A.8. Results of energy dissipation, stiffness reduction, and equivalent hysteretic

damping ratios of the strengthened beam-column joints in 4.5% drift ratio



Table A.1. Results and properties of four-point bending tests of flexural-strengthened beams

[Reference]-Specimen Beam Groove FRP Results Failure
lengthxwidthx  Internal £ Dir. Nu. L, b d, by % - dinax Area mode
hight (mm) reinforcement (Mf’a) (mm) (mm) (mm) (mm) Edt; (kN) (mm) (kN.mm)

(flexural/shear)

[44]-Control 500x100x100  -/- 33.9 - - - - - - - 14.30 0.31 - -

[44]-EBR 500x100x100  -/- 33.9 - - - - - 70 1.00 18.49 1.84 24.49 FD

[44]-EBROG-a 500x100x100  -/- 329 T 9 80 3.0 2.0 70 1.00  20.17 1.99 31.35 FD

[44]-EBROG-b 500x100x100  -/- 31.5 D 12 80 3.0 2.0 70 1.00  21.30 1.69 32.24 FD

[44]-EBROG-c 500x100x100  -/- 33.1 L 5 370 3.0 2.0 70 1.00 2344 2.18 38.21 FD

[44]-EBROG-d 500x100x100  -/- 33.1 L 5 370 3.0 10.0 70 1.00  33.58 3.00 65.32 FR

[45]-Control 900x120x140  -/@5@50 mm 34.8 - - - - - - - 6.80 0.40 - FF

[45]-EBR-a 900x120x140  -/@5@50 mm 36.7 - - - 100 .00 9.20 2.80 - FD

[45]-EBR-b 900x120x140  -/@5@50 mm 37.1 - - - - - 100 2.00 14.50 2.70 - FD

[45]-EBR-c 900x120x140  -/@5@50 mm 359 - - - - - 100 3.00 22.70 3.30 - FD

[45]-EBROG-a 900x120x140  -/@5@50 mm 37.2 L 3 850 7.0 10.0 100 1.00  20.00 6.10 - FR

[45]-EBROG-b 900x120x140  -/@5@50 mm 37.8 L 3 850 7.0 10.0 100 2.00  35.50 7.00 - FD

[45]-EBROG-c 900x120x140  -/@5@50 mm 36.8 L 3 850 7.0 10.0 100 3.00  41.00 7.00 - FD

[45]-EBRIG-a 900x120x140  -/@5@50 mm 37.0 L 3 850 7.0 10.0 100 1.00  20.30 6.70 - FR

[45]-EBRIG-b 900x120x140  -/@5@50 mm 37.8 L 3 850 7.0 10.0 100 2.00  40.90 8.20 - CCS

[45]-EBRIG-¢ 900x120x140  -/@5@50 mm 36.3 L 3 850 7.0 10.0 100 3.00 52.50 9.70 - CCS

[67]-Control 900x120x140  -/p6@50 mm N - - - - - - - 6.70 0.39 - FF

[67]-EBR-a 900x120x140  -/@6@50 mm 36.7 - - - - - 100 1.00  9.30 2.90 - FD

[67]-EBR-b 900x120x140  -/@6@50 mm 359 - - - - - 100 2.00 12.80 3.02 - FD

[67]-EBR-c 900x120x140  -/@6@50 mm 37.1 - - - - - 100 3.00 19.60 3.32 - FD

[67]-EBROG-a 900x120x140  -/@6@50 mm 37.2 L 3 850 8.0 10.0 100 1.00 19.30 5.90 - FR

[67]-EBROG-b 900x120x140  -/@6@50 mm 37.8 L 3 850 8.0 10.0 100 2.00  31.50 6.11 - FD

[67]-EBROG-c 900x120x140  -/@6@50 mm 36.8 L 3 850 8.0 10.0 100 3.00 38.10 6.03 - FD

[68]-Control-a 500x100x100  -/- 28.9 - - - - - - - 12.60 0.65 - -

[68]-Control-b 500x100x100  -/- 449 - - - - - - - 14.60 0.59 - -

[68]-Control-c 500x100x100  -/- 63.5 - - - - - - 17.40 0.56 - -

[68]-Control-d 500x100x100  -/- 75.9 - - - - - - - 19.20 0.51 - -

[68]-EBR-a 500x100x100  -/- 28.2 - - - - - 40 1.00 16.10 2.33 128.00 -

[68]-EBR-b 500x100x100  -/- 449 - - - - - 40 1.00 17.10 1.97 137.00 -

[68]-EBR-c 500x100x100  -/- 63.5 - - - - - 40 1.00 19.30 1.92 122.00 -

[68]-EBR-d 500x100x100  -/- 75.9 - - - - - 40 1.00  20.30 1.76 119.00 -




Table A.1. (Continued)

[Reference]-Specimen ~ Beam Groove FRP Results Failure
lengthxwidthx  Internal f. Dir. Nu. L, b, d, by % Pax dinax Area mode
hight (mm) reinforcement (MPa) (mm) (mm) (mm) (mm) Et; (kN) (mm) (kN.mm)

(flexural/shear)

[68]-EBROG-a-a 500x100x100  -/- 28.2 L 2 370 4.0 7.5 40 1.00 19.10 - - -

[68]-EBROG-a-b 500x100x100  -/- 449 L 2 370 4.0 7.5 40 1.00 18.43 - - -

[68]-EBROG-a-c 500x100x100 /- 63.5 L 2 370 4.0 7.5 40 1.00 19.97 - - -

[68]-EBROG-a-d 500%x100x100 /- 75.9 L 2 370 4.0 7.5 40 1.00 20.53 - - -

[68]-EBROG-b-a 500x100x100 /- 30.4 L 2 370 4.0 10.0 40 1.00 20.00 3.09 247.00 -

[68]-EBROG-b-b 500x100x100 /- 44.9 L 2 370 4.0 10.0 40 1.00 18.60 2.70 222.00 -

[68]-EBROG-b-c 500100100 /- 62.2 L 2 370 4.0 10.0 40 1.00 20.27 2.45 182.00 -

[68]-EBROG-b-d 500x100x100 /- 74.3 L 2 370 4.0 10.0 40 1.00 20.86 2.35 168.00 -

[68]-EBROG-c-a 500x100x100  -/- 31.0 L 2 370 4.0 12.5 40 1.00 19.68 - - -

[68]-EBROG-c-b 500x100x100  -/- 45.5 L 2 370 4.0 12.5 40 1.00 18.32 - - -

[68]-EBROG-c-c 500x100x100  -/- 62.2 L 2 370 4.0 12.5 40 1.00 19.44 - - -

[68]-EBROG-c-d 500x100x100  -/- 74.3 L 2 370 4.0 12.5 40 1.00 20.32 - - -

[68]-EBROG-d-a 500x100x100  -/- 29.2 L 2 370 6.0 7.5 40 1.00 19.30 - - -

[68]-EBROG-d-b 500x100x100  -/- 451 L 2 370 6.0 7.5 40 1.00 19.17 - - -

[68]-EBROG-d-c 500x100x100 /- 60.8 L 2 370 6.0 7.5 40 1.00 20.25 - - -

[68]-EBROG-d-d 500x100x100 /- 73.4 L 2 370 6.0 7.5 40 1.00 20.82 - - -

[68]-EBROG-¢e-a 500x100x100 /- 29.2 L 2 370 6.0 10.0 40 1.00 20.45 - - -

[68]-EBROG-e-b 500x100x100 /- 45.1 L 2 370 6.0 10.0 40 1.00 19.70 - - -

[68]-EBROG-e-c 500x100x100 /- 60.8 L 2 370 6.0 10.0 40 1.00 20.55 - - -

[68]-EBROG-e-d 500x100x100  -/- 73.4 L 2 370 6.0 10.0 40 1.00 20.97 - - -

[68]-EBROG-f-a 500x100x100  -/- 28.9 L 2 370 6.0 12.5 40 1.00 19.87 - - -

[68]-EBROG-f-b 500x100x100  -/- 45.1 L 2 370 6.0 12.5 40 1.00 19.00 - - -

[68]-EBROG-f-c 500x100x100  -/- 60.8 L 2 370 6.0 12.5 40 1.00 20.10 - - -

[68]-EBROG-f-d 500x100x100  -/- 73.4 L 2 370 6.0 12.5 40 1.00 20.68 - - -

[68]-EBROG-g-a 500x100x100  -/- 30.1 L 2 370 8.0 7.5 40 1.00 19.90 - - -

[68]-EBROG-g-b 500x100x100 /- 45.9 L 2 370 8.0 7.5 40 1.00 20.25 - - -

[68]-EBROG-g-¢ 500x100x100 /- 62.8 L 2 370 8.0 7.5 40 1.00 20.90 - - -

[68]-EBROG-g-d 500x100x100 /- 76.9 L 2 370 8.0 7.5 40 1.00 21.05 - - -

[68]-EBROG-h-a 500x100x100 /- 30.1 L 2 370 8.0 10.0 40 1.00 21.53 3.50 535.00 -

[68]-EBROG-h-b 500x100x100 /- 46.1 L 2 370 8.0 10.0 40 1.00 21.45 3.00 428.00 -

[68]-EBROG-h-c 500100100  -/- 61.7 L 2 370 8.0 10.0 40 1.00 21.37 2.70 221.00 -




Table A.1. (Continued)

[Reference]-Specimen ~ Beam Groove FRP Results Failure
lengthxwidthx  Internal f. Dir. Nu. L, i1 d, bs Eite P dpax Area mode
hight (mm) reinforcement (MPa) (mm) (mm) (mm) (mm) Et; (kN) (mm) (kN.mm)

(flexural/shear)

[68]-EBROG-h-d 500x100x100 -/- 75.2 L 2 370 8.0 10.0 40 1.00 21.10 2.53 211.00 -

[68]-EBROG-i-a 500x100x100 -/- 28.9 L 2 370 8.0 12.5 40 1.00 20.30 - - -

[68]-EBROG-i-b 500%100x100 -/- 44.4 L 2 370 8.0 12.5 40 1.00 20.62 - - -

[68]-EBROG-i-c 500%100x100 -/- 61.7 L 2 370 8.0 12.5 40 1.00 20.60 - - -

[68]-EBROG-i-d 500%100x100 -/- 75.2 L 2 370 8.0 12.5 40 1.00 20.83 - - -

[69]-Control 1000x120%140  2@8/@5@50 mm 33.1 - - - - - - - 35.90 19.18 590.00 FF

[69]-EBR-a 1000x120%140  2@8/@5@50 mm 344 - - - - - 100 1.00 55.80 8.25 320.00 FD

[69]-EBR-b 1000x120%140  2@8/@5@50 mm 36.6 - - - - - 100 2.00 60.20 5.86 240.00 FD

[69]-EBR-c 1000x120x140  2@8/@5@50 mm 33.6 - - - - - 100 3.00 67.10 4.76 210.00 FD

[69]-EBROG-a 1000x120x140  2@8/@5@50 mm 37.4 L 3 900 7.0 10.0 100 1.00 55.40 8.36 340.00 FR-FD

[69]-EBROG-b 1000x120x140  2@8/@5@50 mm 38.4 L 3 900 7.0 10.0 100 2.00 75.40 9.65 510.00 FR-FD

[69]-EBROG-c 1000x120%140  2@8/@5@50 mm 354 L 3 900 7.0 10.0 100 3.00 79.80 9.67 510.00 FR-FD

[69]-EBRIG-a 1000x120%140  2@8/@5@50 mm 35.9 L 3 900 7.0 10.0 100 1.00 56.80 7.97 320.00 FR

[69]-EBRIG-b 1000x120%140  2@8/@5@50 mm 35.5 L 3 900 7.0 10.0 100 2.00 75.30 10.14 610.00 CCS-FD

[69]-EBRIG-c 1000x120%140  2@8/@5@50 mm 37.3 L 3 900 7.0 10.0 100 3.00 83.20 10.22 570.00 CCS-FD

[70]-Control-a 1000x120x140  108/@8@30 mm 425 - - - - - - - 19.21 18.80 310.00 FF

[70]-Control-b 1000x120x140  208/@8@30 mm 43.6 - - - - - - - 35.16 18.00 595.00 FF

[70]-Control-c 1000x120x140  308/@8@30 mm 414 - - - - - - - 45.74 9.60 165.00 FF

[70]-Control-d 1000120140  2912/¢8@30mm  45.1 - - - - - - - 68.44 7.00 320.00 FF

[70]-EBR-a 1000x120%140  198/@8@30 mm 42.5 - - - - - 40 1.00 24.96 5.30 90.00 FD

[70]-EBR-b 1000x120%140  2@8/@8@30 mm 43.6 - - - - - 40 1.00 40.32 7.50 210.00 FD

[70]-EBR-c 1000x120%140  3@8/@8@30 mm 41.4 - - - - - 100 1.00 63.01 8.00 325.00 FD

[70]-EBR-d 1000x120%140  2012/@8@30 mm  45.1 - - - - - 100 1.00 85.82 7.10 390.00 FD

[70]-EBROG-a 1000x120x140  198/@8@30 mm 42.5 L 2 850 8.0 10.0 40 1.00 29.19 8.70 185.00 FR

[70]-EBROG-b 1000x120x140  208/@8@30 mm 43.6 L 2 850 8.0 10.0 40 1.00 44.14 8.70 265.00 FR

[70]-EBROG-c 1000x120%140  3@8/@8@30 mm 414 L 3 850 8.0 10.0 100 1.00 66.95 9.40 405.00 FR

[70]-EBROG-d 1000x120x140  2912/@8@30 mm__ 45.1 L 3 850 8.0 10.0 100 1.00 90.53 7.80 460.00 FF

[71]-Control 1000x120%140  2@8/@8@30 mm 36.0 - - - - - - - 35.25 14.22 - FF

[71]-EBR-a 1000x120%140  2@8/@8@30 mm 36.0 - - - - - 70 1.40 45.54 6.80 - FD

[71]-EBR-b 1000x120x140  208/@8@30 mm 36.0 - - - - - 70 2.50 58.20 8.90 - FD

[71]-EBR-c 1000x120x140  2¢8/@8@30 mm 36.0 - - - - - 70 3.60 61.71 8.55 - FD




Table A.1. (Continued)

[Reference]-Specimen ~ Beam Groove FRP Results Failure
lengthxwidthx  Internal reinforcement f. Dir. Nu. L, b, d, bs Eite P dax Area mode
hight (mm) (flexural/shear) (MPa) (mm) (mm) (mm) (mm) Est; (kN) (mm) (kN.mm)

[71]-EBROG-a-a 1000x120x140  2¢8/@8@30 mm 36.0 L 3 850 8.0 10.0 70 1.40 55.93 11.70 - CCS

[71]-EBROG-a-b 1000x120x140  2¢8/@8@30 mm 36.0 L 3 850 8.0 10.0 70 2.50 71.67 11.30 - CCS

[71]-EBROG-a-c 1000x120%140  208/@8@30 mm 36.0 L 3 850 8.0 10.0 70 3.60 72.87 9.75 - CCS

[71]-EBROG-b-b 1000x120x140  208/08@30 mm 36.0 L 3 620 8.0 10.0 70 1.40 54.07 11.50 - CCS

[71]-EBROG-b-b 1000x120x140  208/08@30 mm 36.0 L 3 620 8.0 10.0 70 2.50 65.64 13.00 - CCS

[71]-EBROG-b-c 1000x120x140  2¢8/@8@30 mm 36.0 L 3 620 8.0 10.0 70 3.60 70.77 10.20 - CCS

[71]-EBROG-c-a 1000x120x140  2¢8/@8@30 mm 36.0 L 3 440 8.0 10.0 70 1.40 56.26 11.50 - FR

[71]-EBROG-c-b 1000x120x140  2¢8/@8@30 mm 36.0 L 3 440 8.0 10.0 70 2.50 66.48 11.60 - FR

[71]-EBROG-c-¢ 1000x120%140  208/@8@30 mm 36.0 L 3 440 8.0 10.0 70 3.60 76.80 12.40 - FR

[72]-Control 2600x200x300  3014/@8@65 mm 30.1 - - - - - - - 131.60 39.95 - FF

[72]-EBR-P20 2600x200x300  3014/@8@65 mm 333 - - - - - 50 10.60 181.30 22.87 - FD

[72]-EBROG 2600%200%300  3014/@8@65 mm 30.1 L 2 2400 10.0 10.0 50 10.60 182.20 27.75 - FD

[72]-EBROG-P20 2600%200x300  3014/¢8@65 mm 30.1 L 2 2400 10.0 10.0 50 10.60 195.00 23.22 - CCS

[72]-EBROG-P30 2600x200x300  3014/¢8@65 mm 30.1 L 2 2400 10.0 10.0 50 10.60 153.10 14.02 - CCS

[72]-EBROG-P20-A 2600x200x300  3014/¢8@65 mm 333 L 2 2400 10.0 10.0 50 10.60 214.00 29.67 - FD

[72]-EBROG-P30-A 2600%200%300  3014/¢8@65 mm 333 L 2 2400 10.0 10.0 50 10.60 218.20 28.67 - FD

[76]-EBR-a 2200%250%300  2022/@8@100 mm 25.0 - - - - - 160 1.46 232.00 16.80 2274.00 FD

[76]-EBR-b 2200x250x300  2022/¢8@100 mm 50.0 - - - - - 160 1.46 248.00 13.30 1978.00 FD

[76]-EBR-c 2200x250x300 5014/¢8@100 mm  25.0 - - - - - 160 1.46 247.00 18.70 2812.00 FD

[76]-EBR -d 2200%250x300  5014/¢8@100 mm 50.0 - - - - - 160 1.46 282.00 15.30 2817.00 FD

[76]-EBROG-a 2200%250x300  2022/p8@100 mm  25.0 L 3 1750 8.0 10.0 160 1.46 238.00 16.30 2344.00 FD

[76]-EBROG-b 2200%250x300  2¢22/¢8@100 mm 50.0 L 3 1750 8.0 10.0 160 1.46 290.00 14.60 2688.00 FD

[76]-EBROG-c 2200%250x300  5¢14/¢8@100 mm 25.0 L 3 1750 8.0 10.0 160 1.46 266.00 23.00 4173.00 CCS

[76]-EBROG-d 2200%250x300  5¢14/¢8@100 mm 50.0 L 3 1750 8.0 10.0 160 1.46 313.00 19.10 4226.00 FD




Table A.1. (Continued)

[Reference]-Specimen ~ Beam Groove FRP Results Failure
lengthxwidthx  Internal f. Dir. Nu. L, b, d, bs Eite P dax Area mode
hight (mm) reinforcement (MPa) (mm) (mm) (mm) (mm) Et; (kN) (mm) (kN.mm)

(flexural/shear)

[77]-S-Control Slab-2200%2200x150 mm 413 - - - - - - 177.40 77.60 12010.0 FF

[77]-S-EBR-a Slab-2200%2200x150 mm 42.0 C - - - - 300 2.92 180.20 11.00 1660.00 FD

[77]-S-EBR-b Slab-2200%2200%150 mm 41.7 G - - - - 300 2.92 212.50 17.60 3040.00 FD

[77]-S-EBROG-a Slab-2200%2200%150 mm 35.8 C 6 2180  10.0 10.0 300 2.92 245.80 20.50 4090.00 FD

[77]-S-EBROG-b Slab-2200%2200%150 mm 35.7 G 6 2180  10.0 10.0 300 2.92 243.60 21.40 4060.00 FD

[78]-S-Control Slab-2200%2200%150 mm 31.8 - - - - - - - 156.30 34.00 - FF-PU

[78]-S-EBR Slab-2200%2200%150 mm 36.1 G - - - - 300 2.92 175.00 9.00 - FD

[78]-S-EBROG Slab-2200%2200x150 mm 344 G 6 2180  10.0 10.0 300 2.92 189.00 10.00 - PU

[79]-Control Slab-3000%500%150 mm 333 - - - - - - - 14.90 140.50 - FF

[79]-EBR Slab-3000%500x150 mm 35.0 - - - - - 100 - 30.70 49.20 - FD

[79]-EBROG Slab-3000%500%150 mm 36.2 L 4 2850  10.0 10.0 100 8.36 41.10 69.30 - CCS-FD

[79]-EBROG-P26-U Slab-3000%500%150 mm 36.2 L 4 2850  10.0 10.0 100 8.36 54.40 63.80 - CCS-FD

[80]-Control 1300x120x150  208/@8@100 mm 28.0 - - - - - - - 42.50 19.73 - FF

[80]-EBR-a 1300x120x150  208/@8@100 mm 30.6 - - - - 100 1.13 63.00 14.21 - FD

[80]-EBR-b 1300x120%150  208/@8@100 mm 30.2 - - - - - 100 1.13 64.50 11.51 - FD

[80]-EBR-c 1300%120%150  208/¢8@100 mm 30.2 - - - - - 50 7.17 53.00 9.60 - FD

[80]-EBROG-a-a 1300x120x150  2¢8/¢8@100 mm 31.1 L 3 1000 10.0 7.0 100 1.13 70.30 12.89 - CCS

[80]-EBROG-a-b 1300x120x150  208/¢8@100 mm 31.1 L 3 1000 10.0 7.0 100 2.26 73.50 9.92 - CCS

[80]-EBROG-a-c 1300x120x150  2¢8/@8@100 mm 30.6 L-T 3-8 - 100 7.0 100 1.13 75.10 16.14 - FR

[80]-EBROG-a-d 1300x120x150  208/@8@100 mm 30.6 L-T 28 - 100 7.0 100 1.13 70.60 18.15 - CCS

[80]-EBROG-a-¢e 1300x120x150  208/@8@100 mm 30.6 T 8 80 100 7.0 100 1.13 63.70 15.89 - CCS

[80]-EBROG-b-a 1300x120x150  208/@8@100 mm 293 L 2 1000 100 7.0 50 7.17 56.00 7.87 - FD

[80]-EBROG-b-b 1300x120x150  2¢8/¢8@100 mm 293 L 3 1000 10.0 7.0 100 7.17 56.10 6.67 - CCS

[80]-EBROG-b-c 1300x120x150  2¢8/¢8@100 mm 29.3 L-T 3-8 - 100 7.0 100 7.17 58.50 6.37 - CCS

Note: Nu.= number of grooves; Dir.= direction of grooves; T= transverse; L= longitudinal; E¢t;* = 0.12 X 230000 = 27600 N/mm ; Area= the area under
load-displacement curve; C= cross form; G=grid form; d,,,=maximum mid-span displacement of beam; FF=flexural failure mode; FD=FRP debonding

failure mode; FR=FRP rupture failure mode; CCS= concrete cover separation failure mode; PU= punching failure mode



Table A.2. Results and properties of four-point bending tests of shear-strengthened beams

[Reference]-Specimen ~ Beam Groove FRP Results Increase in P, Failure
Internal reinforcement f. Nu.  b,xd, Wrapping  Angel W; S¢ - dpmax  Over Over mode
(flexural/shear) (MPa) (mm) method (degrees) (mm) (mm) (kN) (mm) control (%) EBR (%)
[81]-Control 1912/— 28.0 - - - - - - 17.66 1.70 - - S
[81]-EBR 1912/— 28.0 - - 2-side 90 40 55 26.61 424 510 - S-FD
[81]-EBROG-a 1912/— 28.0 2 5x10  2-side 90 40 55 30.03 486  70.0 13.0 F
[81]-EBROG-b 1912/— 28.0 2 5x10  2-side 90 40 55 29.11 535 65.0 9.0 F
[82]-Control-a 1012/— 35.8 - - - - - - 21.70 2.78 - - S
[82]-Control-b 208/— 34.5 - - - - - - 21.91 450 - - S
[82]-Control-c-a 208/— 37.6 - - - - - - 23.57 2.70 - - S
[82]-Control-c-b 208/— 37.6 - - - - - - 21.89 385 - - S
[82]-Control-d-a 208/— 36.0 - - - - - - 22.62 2.60 - - S
[82]-Control-d-b 208/— 36.0 - - - - - - 21.57 3.50 - - S
[82]-Control-e-a 208/— 26.2 - - - - - - 22.86 2.50 - - S
[82]-Control-e-b 208/— 26.2 - - - - - - 20.44 263 - - S
[82]-EBR-a 1912/— 35.8 - - 2-side 90 40 55 24.59 4.60 13.0 - S-FD
[82]-EBR-b 208/— 34.5 - - 2-side 90 40 55 24.95 3.70 13.0 - S-FD
[82]-EBR-c-a 208/— 37.6 - - 2-side 90 40 60 34.87 5.00 48.0 - S-FD
[82]-EBR-c-b 208/— 37.6 - - 2-side 90 40 60 24.23 4.94 10.0 - S-FD
[82]-EBR-d-a 208/— 36.0 - - 2-side 90 40 80 30.71 420  36.0 - S-FD
[82]-EBR-d-b 208/— 36.0 - - 2-side 90 40 80 23.89 5.20 11.0 - S-FD
[82]-EBR-e-a 208/— 26.2 - - 2-side 90 40 80 27.70 3.60 21.0 - S-FD
[82]-EBR-e-b 208/— 26.2 - - 2-side 90 40 80 23.11 4.60 13.0 - S-FD
[82]-EBROG-a-a 1912/— 35.8 2 5x10  2-side 90 40 55 28.08 495 300 14.0 F
[82]-EBROG-a-b 1912/— 35.8 2 5x10  2-side 90 40 55 27.72 535  28.0 13.0 F
[82]-EBROG-b-a 208/— 34.5 2 5x10  2-side 90 40 55 26.98 6.21 23.0 8.0 F
[82]-EBROG-b-b 208/— 34.5 2 5x10  2-side 90 40 55 26.29 6.25 200 5.0 F
[82]-EBROG-c-a 208/— 37.6 2 5x10  2-side 90 40 60 37.28 6.58  58.0 7.0 F
[82]-EBROG-c-b 208/— 37.6 2 5x10  2-side 90 40 60 26.06 5.57 19.0 7.0 F
[82]-EBROG-d-a 208/— 36.0 2 5x10  2-side 90 40 80 34.30 4.85 52.0 12.0 F
[82]-EBROG-d-b 208/— 36.0 2 5x10  2-side 90 40 80 25.18 593 17.0 5.0 F
[82]-EBROG-¢e-a 208/— 26.2 2 5x10  2-side 90 40 80 29.65 420 300 7.0 F
[82]-EBROG-e-b 208/— 26.2 2 5x10  2-side 90 40 80 24.35 7.16 19.0 5.0 F




Table A.2. (Continued)

[Reference]-Specimen ~ Beam Groove FRP Results Increase in P, Failure
mode
Internal f. Nu.  byxd, Wrapping  Angel We S¢ Prrax dmax  Over Over
reinforcement (MPa) (mm) method (degrees) (mm) (mm) (kN) (mm) control (%) EBR (%)
(flexural/shear)
[83]-Control 208/— 25.0 - - - - - - 21.91 450 - - S
[83]-EBR 208/— 25.0 - - 2-side 90 40 55 24.95 3.70 14.0 - S-FD
[83]-EBROG-a 208/— 25.0 2 5x10 2-side 90 40 55 26.98 6.20  23.0. 8.0 F
[83]-EBROG-b 208/— 25.0 2 5x10 2-side 90 40 55 26.30 6.20  20.0 5.0 F
[84]-Control-a 2018/— 42.0 - - - - - - 79.04 4.70 - - S
[84]-Control-b 2018/— 42.5 - - - - - - 78.82 3.80 - - S
[84]-EBR-a-V 2018/— 42.0 - - 2-side 90 60 90 127.60 7.50  62.2 - S
[84]-EBR-a-D 2018/— 42.0 - - 2-side 45 60 90 169.28 7.70 114.9 - S-FD
[84]-EBR-b-V 2018/— 40.5 - - U-Shaped 90 20 50 164.27 5.10 108.0 - S-FD
[84]-EBR-b-D 2018/— 40.5 - - U-Shaped 45 20 50 153.62 480  95.0 - S-FD
[84]-EBR-c-V 2018/— 42.5 - - Full wrap 90 20 70 192.44 7.20 144.0 - S-FR
[84]-EBR-¢c-D 2018/— 42.5 - - Full wrap 45 20 70 187.85 7.50 138.0 - S-FR
[84]-EBRIG-a-V 2018/— 42.0 1 10x10  2-side 90 60 70 147.67 9.70 873 16.0 S
[84]-EBRIG-a-D 2018/— 42.0 1 10x10  2-side 45 60 70 172.78 6.00 118.8 2.0 S-FD
[84]-EBRIG-b-V 2018/— 40.5 1 5%5 U-Shaped 90 30 50 176.67 7.30 124.0 7.0 S-FD
[84]-EBRIG-b-D 2018/— 40.5 1 5%5 U-Shaped 45 30 50 178.81 5.90 127.0 16.0 S-FD
[84]-EBRIG-¢-V 2018/— 42.5 1 5%5 Full wrap 90 30 70 201.21 7.90 155.0 5.0 F
[84]-EBRIG-¢-D 2018/— 42.5 1 5%5 Full wrap 45 30 70 190.56 7.20 142.0 1.0 F
[85]-Control-a 3016/— 34.0 - - - - - - 114.00 4.50 - - S
[85]-Control-b 3020/— 34.0 - - - - - 125.00 490 - - S
[85]-Control-c 3020/p6@125mm  31.0 - - - - - - 210.00 7.80 - - S
[85]-Control-d 3020/p6@185mm  31.0 - - - - - - 180.00 560 - - S
[85]-EBRIG-a 3016/— 33.0 2 4x10 2-side 90 70 130 190.00 6.80  66.7 - F-FR
[85]-EBRIG-b 3020/— 33.0 2 4x10 2-side 90 70 130 217.00 620  73.6 - F-FR
[85]-EBRIG-¢ 3020/p6@125mm  32.0 2 4x10 2-side 90 70 130 282.00 970 343 - F-FR
[85]-EBRIG-d 3020/06@185mm  32.0 2 4x10 2-side 90 70 130 265.00 7.70 472 - F-FR




Table A.2. (Continued)

[Reference]-Specimen ~ Beam Groove FRP Results Increase in P, Failure
Internal f. Nu. b,xd,  Wrapping  Angel Wi St - dmax  Over Over mode
reinforcement (MPa) (mm) method (degrees) (mm) (mm) (kN) (mm) control (%) EBR (%)
(flexural/shear)

[86]-Control-30-a 3¢016/— 30.0 - - - - - - 111.00 490 - - S

[86]-Control-30-b 3020/—- 30.0 - - - - - - 129.00 520 - - S

[86]-Control-30-c 3020/06@130 mm  30.0 - - - - - - 220.00 850 - - S

[86]-Control-30-d 3020/06@198 mm  30.0 - - - - - 181.00 6.10 - - S

[86]-Control-55-¢ 3020/p6@198 mm  55.0 - - - - - - 282.00 8.60 - - S

[86]-EBR-V-30-b 3020/— 30.0 - - 2-side 90 70 130 172.00 560 332 - FD

[86]-EBRIG-V-30-a 3016/— 30.0 2 3x8 2-side 90 70 130 187.00 690  68.0 - FR-FD

[86]-EBRIG-V-30-b 3020/— 30.0 2 3x8 2-side 90 70 130 225.00 630 74.0 31.0 FR-FD

[86]-EBRIG-V-30-c 3020/06@130 mm  30.0 2 3x8 2-side 90 70 130 288.00 970  31.0 - FR-FD

[86]-EBRIG-V-30-d 3020/06@198 mm  30.0 2 3x8 2-side 90 70 130 269.00 7.70  48.0 - FR-FD

[86]-EBRIG-V-55-¢ 3020/06@198 mm  55.0 2 3x8 2-side 90 70 130 336.00 9.80 19.0 - FR-FD

[86]-EBRIG-D-30-d 3020/p6@198 mm  30.0 2 3x8 2-side 45 70 130 293.00 820  62.0 - FR

[86]-EBRIG-D-30-b 3020/— 30.0 2 3x8 2-side 45 70 130 251.00 730  95.0 46.0 FR

[87]-Control-a 2018/p6@120 mm  53.6 - - - - - - 294.80 7.95 - - -

[87]-Control-b 2018/p6@120 mm  53.6 - - - - - - 345.20 566 - - -

[87]-EBR-W-a 2018/06@120 mm  53.6 - - Full wrap 90 50 125 374.40 889  27.0 - -

[87]-EBR-V-a 2018/06@120 mm  53.6 - - 2-side 90 50 125 307.00 696 5.0 - -

[87]-EBR-D-a 2018/p6@120 mm  53.6 - - 2-side 45 50 125 423.20 8.14 440 - -

[87]-EBR-D-b 2018/p6@120 mm  53.6 - - 2-side 45 50 125 470.00 6.79  37.0 - -

[87]-EBROG-V-a 2018/p6@120 mm  53.6 1 10x10  2-side 90 50 125 348.60 6.22 19.0 14.0 -

[87]-EBROG-D-a 2018/p6@120 mm  53.6 1 10x10  2-side 45 50 125 412.60 7.08  40.0 -3.0 -

[87]-EBROG-D-b 2018/p6@120 mm _ 53.6 1 10x10  2-side 45 50 125 581.60 10.57 69.0 24.0 -

[88]-Control-NS-a 3020/—- 30.0 - - - - - - 128.00 510 - - S

[88]-Control-S130-b 3020/06@130 mm  30.0 - - - - - - 212.00 8.00 - - S

[88]-Control-S200-c 3020/06@200 mm  30.0 - - - - - - 181.00 560 - - S

[88]-EBRIGY0-a 3020/— 30.0 2 4x10 2-side 90 70 130 219.00 6.10 71.1 - FR

[88]-EBRIG45-a 3020/— 30.0 2 4x10 2-side 45 70 130 250.00 740 953 - FR

[88]-EBRIG90-b 3020/06@130 mm  30.0 2 4x10 2-side 90 70 130 280.00 9.50  32.1 - FR

[88]-EBRIG90-c 3020/06@200 mm  30.0 2 4x10 2-side 90 70 130 260.00 7.80  43.6 - FR

[88]-EBRIG45-¢ 3020/06@200mm  30.0 2 4x10 2-side 45 70 130 290.00 9.00 60.2 FR

Note: Nu.= number of grooves; W= width of FRP; S;=the interval between FRP strips; S= shear failure mode; F= flexural failure mode; FD= FRP debondmg

failure mode; FR=FRP rupture mode



Table A.3. Results and properties of the tests of strengthened columns

[Reference]-Specimen  Column Strengthening e Results Increase respect to control ~ C.S.f Rgc
technique (mm) (%) MPa) (%)
hightxcross section f. Tran.  Longitu. Prax Mnax Ductility Poax 0T My, Ductility
(mm) (MPa) (kN) (kKN.m) index (A) index (M)
[89]-Control-a 500%150 28.0 - - 0 534.70 0.00 - - - - -
[89]-NSM-a 500%150 28.0 - NSM 0 550.66 0.00 - 3.0 - 254 9.5
[89]-EBR-a 500%150 28.0 - EBR 0 548.69 0.00 - 2.6 - 223 8.3
[89]-EBROG-a 500%150 28.0 - EBROG 0 610.11 0.00 - 14.1 - 1199 449
[89]-EBRIG-a 500x150 28.0 - EBRIG 0 633.76 0.00 - 18.5 - 1576 59.0
[89]-Control-b 500%133x133 28.0 - - 0 466.65 0.00 - - - - -
[89]-NSM-b 500%133x133 28.0 - NSM 0 488.99 0.00 - 4.8 - 355 13.3
[89]- EBR-b 500%133x133 28.0 - EBR 0 462.19 0.00 - -1.0 - - -
[89]-EBROG -b 500%133x133 28.0 - EBROG 0 515.28 0.00 - 10.4 - 773 28.9
[89]-EBRIG-b 500%133x133 28.0 - EBRIG 0 525.86 0.00 - 12.7 - 942 35.2
[90]- Control-a 500%150 28.0 - - 0 554.50 0.00 - - - -
[90]-EBROG-T 500%150 28.0 - EBROG 0 635.80 0.00 - 14.7 - 1293 48.4
[90]- EBROG-SE 500%150 28.0 - EBROG 0 614.40 0.00 - 10.8 - 953 35.7
[90]-EBROG-T-SE 500%150 28.0 - EBROG 0 574.60 0.00 - 3.6 - 320 12.0
[90]- Control-b 500%150 28.0 - - 0 555.90 0.00 - - - - -
[90]-GFM-a 500%150 28.0 - - 0 563.00 0.00 - 1.3 - - -
[90]-GFM-b 500150 28.0 - - 0 578.00 0.00 - 4.0 - - -
[91]-Control-a 500%150 39.0 - - 0 715.80 0.00 - - - - -
[91]-EBR-a 500%150 39.0 - EBR 0 735.10 0.00 - 2.7 - 307 12.2
[91]-EBROG-a 500%150 39.0 - EBROG 0 775.30 0.00 - 83 - 946 37.7
[91]-EBROG.H-a 500%150 39.0 - EBROG 0 738.20 0.00 - 3.1 - 356 14.2
[91]-IW-a 500%150 39.0 Iw - 0 1017.6 0.00 - 422 - - -
[91]-EBR-IW-a 500%150 39.0 W EBR 0 969.50 0.00 - 354 - - -
[91]-EBROG-IW-a 500%150 39.0 W EBROG 0 1073.0 0.00 - 49.9 - 881 35.1
[91]-Control-b 500%150 39.0 - - 30 393.00 11.80 - - - - -
[91]-EBR-b 500%150 39.0 - EBR 30 412.90 12.40 - 5.1 - - -
[91]-EBROG-b 500%150 39.0 - EBROG 30 441.00 13.20 - 12.2 - - -
[91]-EBROG.H-b 500%150 39.0 - EBROG 30 416.60 12.50 - 6.0 - - -
[91]-IW-b 500%150 39.0 Iw - 30 544.00 16.30 - 38.4 - - -
[91]-EBR-IW-b 500x150 39.0 Iw EBR 30 531.40 15.90 - 352 - - -
[91]-EBROG-IW-b 500%150 39.0 Iw EBROG 30 583.90 17.50 - 48.6 - - -
[91]-Control-c 500%150 39.0 - - 60 206.80 12.40 - - - - -
[91]-EBR-c 500x150 39.0 - EBR 60 227.90 13.70 - 10.2 - - -

10



Table A.3. (Continued)

[Reference]-Specimen  Column Strengthening e Results Increase respect to control ~ C.S.f Rgc
technique (mm) (%) MPa) (%)
hightxcross section f. Tran.  Longitu. Prax Mnax Ductility Poax 0T My, Ductility
(mm) (MPa) (kN) (kKN.m) index (A) index (M)
[91]-EBROG-c 500%150 39.0 - EBROG 60 260.10 15.60 - 25.8 - - -
[91]-EBROG.H-¢c 500%150 39.0 - EBROG 60 234.30 14.10 - 13.3 - - -
[91]-IW-c 500%150 39.0 W - 60 279.40 16.80 - 35.1 - - -
[91]-EBR-IW-c 500x150 39.0 Iw EBR 60 311.30 18.70 - 50.5 - - -
[91]-EBROG-IW-c 500x150 39.0 Iw EBROG 60 326.10 19.60 - 57.7 - - -
[91]-Control-d 500%150 39.0 - - 90 129.00 11.60 - - - - -
[91]-EBR-d 500%150 39.0 - EBR 90 147.70 13.30 - 14.5 - - -
[91]-EBROG-d 500%150 39.0 - EBROG 90 175.40 15.80 - 36.0 - - -
[91]-EBROG.H-d 500%150 39.0 - EBROG 90 150.60 13.60 - 16.8 - - -
[91]-IW-d 500%150 39.0 W - 90 167.50 15.10 - 29.9 - - -
[91]-EBR-IW-d 500%150 39.0 W EBR 90 184.60 16.60 - 43.1 - - -
[91]-EBROG-IW-d 500%150 39.0 W EBROG 90 206.20 18.60 - 59.9 - - -
[91]-Control-e 500x150 39.0 - - o0 0.00 7.80 - - - - -
[91]-EBR-e 500%150 39.0 - EBR 0 0.00 10.10 - 29.1 - - -
[91]-EBROG-e 500%150 39.0 - EBROG 0.00 12.00 - 533 - - -
[91]-EBROG.H-e 500%150 39.0 - EBROG 0.00 10.30 - 32.0 - - -
[91]-IW-e 500%150 39.0 w - el 0.00 10.00 - 27.5 - - -
[91]-EBR-IW-e 500%150 39.0 Iw EBR el 0.00 12.80 - 64.1 - - -
[91]-EBROG-IW-¢ 500150 39.0 W EBROG o 0.00 14.70 - 88.1 - - -
[93]-Control (1) 500%150 30.0 - - 0 511.50 0.00 - - - - -
[93]-EBR.1L 500%150 30.0 - EBR 0 532.20 0.00 - 2.0 - 186 7.0
[93]-EBROG.1L 500%150 30.0 - EBROG 0 568.90 0.00 - 11.2 - 913 342
[93]-Control (2) 500%150 30.0 - - 0 555.10 0.00 - - - - -
[93]-IW 500%150 30.0 W - 0 738.10 0.00 - 33.0 - - -
[93]-EBR.1L-IW 500%150 30.0 W EBR 0 678.70 0.00 - 223 - - -
[93]-EBROG.1L-IW 500%150 30.0 W EBROG 0 817.30 0.00 - 47.2 - 1260 47.2
[93]-Control (3) 500%150 30.0 - - 0 539.90 0.00 - - - - -
[93]-EBR.2L 500x150 30.0 - EBR 0 492.40 0.00 - -8.8 - - -
[93]-EBROG.2L 500x150 30.0 - EBROG 0 616.60 0.00 - 14.2 - 610 22.0
[93]-NSM.2L 500%150 30.0 - NSM 0 537.70 0.00 - -0.4 - - -
[93]-Control (4) 500%150 30.0 - - 0 555.90 0.00 - - - - -
[93]-EBROG.3L 500x150 30.0 - EBROG 0 670.10 0.00 - 20.5 - 605 22.6
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Table A.3. (Continued)

[Reference]-Specimen ~ Column Strengthening e Results Increase respect to control ~ C.S.f Rgc
technique (mm) (%) (MPa) (%)
hightxcross section f. Tran.  Longitu. Prax Max Ductility Pmax O M. Ductility
(mm) (MPa) (kN) (KN.m)  index (A) index (M)
[94]-Control-a 500%133x133 30.7 - - 0 649.00 0.00 1.69 - - - -
[94]-IW-a 500%133x133 30.7 1% - 0 832.00 0.00 6.76 28.2 301.0 - -
[94]-CSB-a 500%133x133 30.7 CSB - 0 924.00 0.00 11.05 42.4 554.0 - -
[94]-EBR-CSB-a 500%133x133 30.7 CSB  EBR 0 922.00 0.00 11.25 42.1 566.0 -
[94]-EBROG-CSB-a 500%133x133 30.7 CSB  EBROG 0 935.00 0.00 11.29 44.1 569.0 1294 51.6
[94]-Control-b 500%133x133 31.5 - - 30 352.00 10.56 2.89 - - - -
[94]-TW-b 500%133x133 31.5 Iw - 30 447.00 13.42 7.15 27.0 147.0 - -
[94]-CSB-b 500%133x133 31.5 CSB - 30 485.00 14.55 10.12 37.8 250.0 - -
[94]-EBR-CSB-b 500%133x133 31.5 CSB  EBR 30 517.00 15.51 10.95 46.9 279.0 - -
[94]-EBROG-CSB-b 500%133x133 31.5 CSB  EBROG 30 533.00 15.99 11.51 514 298.0 - -
[94]-Control-c 500%133x133 30.9 - - 60 197.00 11.80 2.36 - - - -
[94]-IW-c 500%133x133 30.9 w - 60 235.00 14.12 5.30 19.3 125.0 - -
[94]-CSB-c 500%133x133 30.9 CSB - 60 276.00 16.56 7.58 40.1 221.0 - -
[94]-EBR-CSB-¢c 500%133x133 30.9 CSB  EBR 60 288.00 17.28 7.83 46.2 232.0 - -
[94]-EBROG-CSB-¢c 500%133x133 30.9 CSB  EBROG 60 300.00 18.00 8.86 52.3 275.0 - -
[94]-Control-d 500%133x133 32.3 - - 90 119.00 10.67 1.49 - - - -
[94]-IW-d 500%133x133 32.3 Iw - 90 142.00 12.78 1.96 19.3 32.0 - -
[94]-CSB-d 500%133x133 32.3 CSB - 90 156.00 14.04 3.39 31.1 128.0 - -
[94]-EBR-CSB-d 500%133x133 32.3 CSB  EBR 90 176.00 15.84 3.94 47.9 164.0 - -
[94]-EBROG-CSB-d 500%133x133 32.3 CSB  EBROG 90 185.00 16.65 4.08 55.5 174.0 - -
[94]-Control-e 500%133x133 31.8 - - 120 81.00 9.68 2.50 - - - -
[94]-IW-e 500%133x133 31.8 w - 120 94.00 11.31 2.64 16.0 5.0 - -
[94]-CSB-e 500%133x133 31.8 CSB - 120 98.00 11.76 3.95 21.0 57.0 - -
[94]-EBR-CSB-e 500%133x133 31.8 CSB  EBR 120 113.00 13.56 4.59 39.5 83.0 - -
[94]-EBROG-CSB-e 500x133x133 31.8 CSB  EBROG 120 128.00 15.36 5.17 58.0 106.0 - -
[95]-Control-a 500%110x160 28.0 - - 0 691.20 0.00 7.33 - - - -
[95]-EBR-CSB-a 500%110x160 28.0 CSB  EBR 0 894.70 0.00 11.35 29.4 54.7 - -
[95]-EBROG-CSB-a 500%110x160 28.0 CSB  EBROG 0 904.60 0.00 12.31 30.9 67.9 - -
[95]-Control-b 500%110x160 28.0 - - 30 450.80 13.52 5.68 - - - -
[95]-EBR-CSB-b 500x110x160 28.0 CSB  EBR 30 582.70 17.48 8.10 29.3 42.5 - -
[95]-EBROG-CSB-b 500%110%160 28.0 CSB  EBROG 30 622.10 18.66 9.12 38.0 60.5 - -
[95]-Control-c 500%110%160 28.0 - - 90 221.90 19.97 443 - - - -
[95]-EBR-CSB-c 500x110x160 28.0 CSB  EBR 90 290.30 26.13 6.32 30.8 39.8 - -

12



Table A.3. (Continued)

[Reference]-Specimen ~ Column Strengthening e (mm) Results Increase respect to control CS.f Rgc
technique (%) (MPa) (%)
hightxcross section f. Tran.  Longitu. Prax Max Ductility Pmax O M. Ductility
(mm) (MPa) (kN) (KN.m)  index (A) index (M)
[95]-EBROG-CSB-¢c 500%110x160 28.0 CSB  EBROG 90 312.70  28.14 7.06 40.9 56.3 - -
[95]-Control-d 500%110x160 28.0 - - 120 131.70  15.80 2.35 - - - -
[95]-EBR-CSB-d 500%110x160 28.0 CSB  EBR 120 164.60  19.75 5.04 25.0 233 - -
[95]-EBROG-CSB-d 500%110x160 28.0 CSB  EBROG 120 188.80  22.66 6.01 434 46.9 - -
[96]-Control 500%150%150 30.0 - - 0 717.50  0.00 1.59 - - - -
[96]-EBR 500%150%150 30.0 - EBR 0 740.40  0.00 1.63 32 2.5 241 9.6
[96]-EBROG 500%150%150 30.0 - EBROG 0 815.20  0.00 2.47 13.6 55.0 1026 41.0
[96]-EBRIG 500%150%150 30.0 - EBRIG 0 840.40  0.00 2.25 17.1 41.2 1291 51.5
[96]-IW 500%150%150 30.0 Iw - 0 898.90  0.00 2.59 253 62.9 - -
[96]-EBR-IW 500%150%150 30.0 Iw EBR 0 882.80  0.00 2.89 23.0 81.4 -
[96]-EBROG-IW 500%150%150 30.0 w EBROG 0 1003.6  0.00 3.96 39.9 148.7 1100 43.9
[96]-EBRIG-IW 500x150x150 30.0 W EBRIG 0 1064.3  0.00 3.53 48.3 122.0 1737 69.3
[97]-EBRIOG 500%150%150 30.0 - EBRIOG 0 870.40  0.00 2.32 21.3[961-Con. 46.21961-Con. 1606 64.1
[97]-EBRIOG-IW 500%150%150 30.0 w EBRIOG 0 1047.7  0.00 4.11 46.0/61-Con. 158.81701-Con- 1563 62.4
[97]-CSW 500%150x150 30.0 CSW - 0 1028.5  0.00 3.75 43 3[96}-Con. 135.516-Con. -
[97]-EBRIG-CSW 500%150x150 30.0 CSW  EBRIG 0 1154.6  0.00 5.05 60.91761-Con- 217.610€Con 1325 52.9
[97]-EBRIOG-CSW 500%150x150 30.0 CSW  EBRIOG 0 1192.8  0.00 4.09 66.21761-Con- 167.210Con- 1726 68.9
[97]-CSB 500%150%150 30.0 CSB - 0 1018.2  0.00 3.22 41,910 -Con. 102.5!76)-Con. -
[97]-EBRIG-CSB 500%150%150 30.0 CSB  EBRIG 0 11493  0.00 4.35 60.217¢1-Con- 173.6/7¢1-Con- 1377 54.9
[97]-EBRIOG-CSB 500x150%150 30.0 CSB  EBRIOG 0 1233.0  0.00 4.64 71.81%61-Con. 192.11961-Con. 2256 90.0
[98]-Control-a 500%130 35.0 - - 60 103.30  6.20 2.00 - - - -
[98]-EBR-a 500%130 35.0 - EBR 60 137.50  5.80 6.90 33.1 245.0 - -
[98]-EBROG-a 500%130 35.0 - EBROG 60 154.10 543 7.50 49.2 275.0 - -
[98]-Control-b 700%130 35.0 - - 60 96.80 8.25 2.40 - - - -
[98]-EBR-b 700%130 35.0 - EBR 60 121.60  7.29 6.60 25.6 175.0 - -
[98]-EBROG-b 700%130 35.0 - EBROG 60 155.70  7.18 6.80 60.8 183.4 - -
[98]-Control-c 900x%130 35.0 - - 60 90.50 9.24 2.50 - - - -
[98]-EBR-c 900x%130 35.0 - EBR 60 119.80 9.34 5.90 324 136.0 - -
[88]-EBROG-c 900x130 35.0 - EBROG 60 147.70  8.86 6.50 63.2 160.0 - -
[99]-Control 1000%250%250 31.3 - - lateral ~ 39.50 0.00 3.66 - - - -
[99]-EBR 1000%250%250 30.9 - EBR lateral ~ 49.70 0.00 4.13 26.0 13.0 - -
[99]-EBROG 1000%250%250 30.2 - EBROG  lateral  55.90 0.00 4.80 42.0 31.0 - -
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Table A.3. (Continued)

[Reference]-Specimen ~ Column Strengthening e (mm) Results Increase respect to control CS.f Rgc
technique (%) MPa) (%)
hightxcross section f. Tran.  Longitu. Prax Muax  Ductility Pmax O M. Ductility
(mm) (MPa) (kN) (kKN.m) index (A) index (M)
[99]-EBRIG 1000%250%250 30.2 - EBRIG lateral ~ 59.50 00.00 4.93 51.0 35.0 - -
[99]-EBR-CSB 1000%250%250 30.9 CSB  EBR lateral ~ 54.70 0.00 5.40 39.0 48.0 - -
[99]-EBROG-CSB 1000%250%250 29.6 CSB  EBROG lateral  64.70 0.00 5.90 64.0 61.0 - -
[99]-EBRIG-CSB 1000%250%250 29.6 CSB  EBRIG lateral  69.90 0.00 6.18 77.0 69.0 - -
[100]-FW 900x150x150 28.0 FW - 0 1026.30  0.00 4.35 43.01v0Con. 173.90¢kCon. -
[100]-CSW 900%150%150 28.0 CSW - 0 1028.50  0.00 3.74 43,3190 Con. 135,596k Con. -
[100]-CSB 900%150%150 28.0 CSB - 0 1018.50  0.00 3.22 41,910 -Con. 102.5/9¢kCon. -
[100]-EBR-CSW 900x150%150 28.0 CSW  EBR 0 1009.40  0.00 3.70 40.71%0-Con. 133.0000Con- -
[100]-EBR-CSB 900x150x150 28.0 CSB  EBR 0 981.90 0.00 2.98 36.917¢!-Con- 87.4/761-Con. - -
[100]-EBROG-IW 900x150%150 28.0 Iw EBROG 0 1003.60  0.00 3.95 39.91%6!-Con. 148.719¢1-Con- 1100 43.9
[100]-EBROG-CSW 900x%150%150 28.0 CSW EBROG 0 1089.00  0.00 443 51.8[00-Con. 178.61701-Con- 635 25.4
[100]-EBROG-CSB 900x150x150 28.0 CSB  EBROG 0 1111.30  0.00 4.12 54,910-Con. 159.10Con. 977 39.0
[101]-Control-H-a 500%130 35.0 - - 60 126.60 7.59 3.00 - - - -
[101]-EBR-H-a 500%130 35.0 - EBR 60 149.00 8.94 5.00 17.7 67.0 - -
[101]-EBROG-H-a 500%130 35.0 - EBROG 60 178.40 10.70 5.20 40.9 73.0 - -
[101]-Control-H-b 700%130 35.0 - - 60 126.20 7.57 3.10 - - - -
[101]-EBR-H-b 700%130 35.0 - EBR 60 148.30 8.89 4.50 17.5 45.0 - -
[101]-EBROG-H-b 700x130 35.0 - EBROG 60 172.50 10.35 4.90 36.7 58.1 - -
[101]-Control-H-c 900x%130 35.0 - - 60 105.20 6.31 2.90 - - - -
[101]-EBR-H-¢c 900x130 35.0 - EBR 60 131.60 7.89 4.20 25.1 44.8 - -
[101]-EBROG-H-c 900x130 35.0 - EBROG 60 169.20 10.15 5.10 60.8 75.9 - -
[102]-Control-0 900x125x%125 354 - - 0 674.90 0.00 1.51 - - - -
[102]-EBR-0 900x125x%125 354 - EBR 0 782.80 0.00 1.32 1.2 -12.6 - -
[102]-EBROG-0 900x125%125 354 - EBROG 0 746.30 0.00 1.88 10.6 24.5 - -
[102]-Control-30 900x125%125 34.1 - - 30 295.50 10.70 1.24 - - - -
[102]-EBR-30 900x125%125 34.1 - EBR 30 294.00 9.70 1.43 -0.5 15.3 - -
[102]-EBROG-30 900x125%125 34.1 - EBROG 30 353.40 12.50 1.45 19.6 16.9 - -
[102]-Control-60 900x125%125 33.8 - - 60 141.50 9.80 1.28 - - - -
[102]-EBR-60 900x125%125 33.8 - EBR 60 181.00 12.10 1.81 27.9 414 - -
[102]-EBROG-60 900x125x%125 33.8 - EBROG 60 238.80 15.80 2.38 68.8 85.9 - -
[102]-Control-90 900x125x125 35.7 - - 90 85.00 8.30 1.31 - - - -
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Table A.3. (Continued)

[Reference]-Specimen ~ Column Strengthening e (mm) Results Increase respect to control CS.f Rgc
technique (%) MPa) (%)

hightxcross section f. Tran.  Longitu. Pax Mp.x  Ductility Prax Or Mo Ductility

(mm) (MPa) (kN) (kKN.m) index (A) index (A)
[102]-EBR-90 900x125%125 35.7 - EBR 90 120.40 11.80 2.80 41.7 113.7 - -
[102]-EBROG-90 900x125%125 35.7 - EBROG 90 169.30 16.60 3.22 99.3 145.8 - -
[103]-Control 550%250%250 17.0 - - lateral 82.00 0.00 3.50 - - - -
[103]-CSB 550%250%250 17.0 CSB - lateral 116.00 0.00 7.40 42.0 113.0
[103]-EBR 550%250%250 17.2 - EBR lateral 134.00 0.00 8.60 64.0 149.0 - -
[103]-EBROG-1L 550%250%250 17.3 - EBROG lateral 149.00 0.00 9.30 83.0 168.0 - -
[103]-EBROG-2L 550%250%250 17.3 - EBROG lateral 137.00 0.00 7.50 68.0 116.0 - -
[103]-EBROG-2L-P 550%250%250 17.1 - EBROG lateral 113.00 0.00 8.60 38.0 149.0 - -
[104]-Control 1500%250%250 30.0 - - lateral ~ 38.20 0.00 3.05 - - - -
[104]-SS 1500%250%250 30.0 - - lateral ~ 44.20 0.00 3.91 15.7 28.1 - -
[104]-IW 1500%250%250 30.0 w - lateral ~ 42.90 0.00 3.87 12.3 26.6 - -
[104]-CSB 1500%250%250 30.0 CSB - lateral ~ 48.70 0.00 4.42 27.5 44.9 - -
[104]-EBR-CSB 1500%250%250 30.0 CSB  EBR lateral ~ 52.10 0.00 4.23 36.4 38.6 - -
[104]-EBROG-CSB 1500%250%250 30.0 CSB  EBROG lateral  63.00 0.00 4.69 64.9 53.7 - -
[104]-EBRIG-CSB 1500%250%250 30.0 CSB  EBRIG lateral ~ 67.20 0.00 5.03 75.9 64.6 - -
[105]-Control-m-90 500%125%125 35.0 - - 90 119.66 - 3.78 - - - -
[105]-IW-m-90 500%125%125 35.0 w - 90 123.26 - 4.97 3.0 31.5 - -
[105]-EBROG-m-90 500%125%125 35.0 - EBROG 90 196.92 - 2.38 64.6 -37.0 - -
[105]-Control-c-90 500x125x%125 35.0 - - 90 112.06 - 3.31 - - - -
[105]-IW-c-90 500x125x%125 35.0 W - 90 113.37 - 4.62 1.17 39.6
[105]-EBROG-¢c-90 500x125x125 35.0 - EBROG 90 172.65 - 1.65 54.1 -50.1 - -

Note: e= eccentricity; Rpc= ratio of fibers compressive stress to their tensile capacity of flat coupon tests; C.S.f = compressive stress of fibers
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Table A.4. Dimensions and characteristics of beam-column joints

[Reference]-Specimen £ Pb Pe M. Beam dimensions Column
(MPa) M, (mm) dimensions (mm)
lengthxwidthxheight lengthxwidthxheig
ht

[106]-DCS 43.0 0.016 0.020 1.07 1500%250%300 1500%250%250
[106]-RDS-3H75 43.0 0.016 0.020 1.07 1500%250%300 1500%250%250
[106]-RDS-3H325 43.0 0.016 0.020 1.07 1500%250%300 1500%250%250
[106]-RDS-3H325F 43.0 0.016 0.020 1.07 1500%250%300 1500%250%250
[106]-RDS-4HS500F 43.0 0.016  0.020 1.07 1500%250%300 1500%250%250
[106]- RDS 1X250 43.0 0.016 0.020 1.07 1500%250%300 1500%250%250
[107]-C 45.0 0.010 0.020 1.20 1500%250%300 1500%250%250
[107]- RS 1H300 39.9 0.010 0.020 1.20 1500%250%300 1500%250%250
[107]-RS-2H4501 38.8 0.010 0.020 1.20 1500%250%300 1500%250%250
[107]-RS-2H450 I1 39.9 0.010 0.020 1.20 1500%250%300 1500%250%250
[107]-RS-3H6001 38.8 0.010 0.020 1.20 1500%250%300 1500%250%250
[107]-RS-3H600I1 38.8 0.010 0.020 1.20 1500%250%300 1500%250%250
[107]-RS-3L600 38.8 0.010 0.020 1.20 1500%250%300 1500%250%250
[108]-CS-3D 35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[108]-SCS-3D 35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[108]-RDS-3L300 35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[108]-RDS-3L300-EBR  35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[108]-RDS-3L300FW 35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[109]-RDS-X 35.0 0.020 0.020 1.20 1500%250%300 1500%250%250
[109]-RDS-X-EBR 35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[109]-RDS-1X3H300F 35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[109]-RDS-1X3H450F 35.0 0.020  0.020 1.20 1500%250%300 1500%250%250
[110]-CS 35.0 0.020 0.010 0.85 1500%200%300 1500%200%200
[110]-RS-1V-1X 35.0 0.020 0.010 0.85 1500%200%300 1500%200%200
[110]-RS-1V-2X 34.0 0.020 0.010 0.85 1500%200%300 1500x200%200
[110]-RS-1V-2X-2H 1 34.0 0.020 0.010 0.85 1500%200%300 1500x200%200
[110]-RS-1V-2X-2H I1 37.0 0.020 0.010 0.85 1500%200%300 1500%200%200
[111]-S1L150-1X 35.0 0.020 0.010 0.85 1500%200%300 1500%200%200
[111]-S2L300-G2X 36.5 0.020 0.010 0.85 1500%200%300 1500x200%200
[111]-S1V-2H-F2X 36.5 0.020 0.010 0.85 1500%200%300 1500%200%200
[111]- S2CSB 2H-F2X 36.5 0.020 0.010 0.85 1500%200%300 1500%200%200
[112]-C 45.0 0.010 0.020 1.20 1500%250%300 1500%250%250
[112]- RS 1H300 399 0.010 0.020 1.20 1500%250%300 1500%250%250
[112]-RS-2L300 38.8 0.010 0.020 1.20 1500%250%300 1500%250%250
[112]-RS-1H300.F180 399 0.010 0.020 1.20 1500%250%300 1500%250%250
[112]-RS-1L300.F90 43.6 0.010 0.020 1.20 1500%250%300 1500%250%250
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Table A.5. Details of external strengthening of beam-column joints

[Reference]-Specimen Joint strengthening Beam strengthening Column FRP
strengthening  fan
Configuration Ply  width Ply width Length Ply width  (mm?)

No. (mm) No. (mm) (mm) No. (mm)

[106]-DCS - - - - - - - - -
[106]-RDS-3H75 U-shape 3 400 3 400 75 - - -
[106]-RDS-3H325 U-shape 3 400 3 400 325 - - -
[106]-RDS-3H325F U-shape 3 400 3 400 325 - - N
[106]-RDS-4H500F U-shape 4 300 4 300 500 - - N
[106]-RDS-1X250 X-shape 1 250 - - - - - -
[107]-CS - - - - - - - - -
[107]-RS-1H300 - - - 1 250 300 - - 102
[107]-RS-2H4501 - - - 2 250 450 - - 136
[107]-RS-2H450 I1 - - - 2 250 450 - - 136
[107]-RS-3H6001 - - - 3 250 600 - - 143
[107]-RS-3H600IT - - - 3 250 600 - - 204
[107]-RS-3L600 - - - 3 250 600 - - 204
[108]-CS-3D - - - - - - - - -
[108]-SCS-3D - - - - - - - - -
[108]-RDS-31L300 L-shape 3 300 3 300 300 - - N
[108]-RDS-3L300-EBR L-shape 3 300 3 300 300 - - -
[108]-RDS-3L300FW L-shape 3 300 3 300 300 - - N
[109]-RDS-X X-shape 1 N - - - - - -
[109]-RDS-X-EBR X-shape 1 N - - - - - -
[109]-RDS-1X3H300F X-shape 1 N 3 250 300 - - 130
[109]-RDS-1X3H450F X-shape 1 N 3 250 450 - - 130
[110]-CS - - - - - - - - -
[110]-RS-1V-1X X-shape 1 200 - - - 1 180 N
[110]-RS-1V-2X X-shape 2 360 - - - 1 180 N
[110]-RS-1V-2X-2H 1 X-shape 2 360 2 180 150 1 180 N
[110]-RS-1V-2X-2H I1 X-shape 2 360 2 180 300 1 180 N
[111]-S1L150-1X X-shape 1 200 1 180 150 1 180 -
[111]-S2L300-G2X X-shape 2 360 2 180 300 1 180 -
[111]-S1V-2H-F2X X-shape 2 360 2 180 300 1 180 183
[111]-S2CSB-2H-F2X X-shape 2 360 2 180 300 2 200 183
[112]-CS - - - - - - - - -
[112]-RS-1H300 - - - 1 300 250 2 125 -
[112]-RS-2L.300 - - - 2 300 250 2 200 -
[112]-RS-1H300.F180 - - - 1 300 250 2 100 102
[112]-RS-1L300.F90 - - - 1 300 250 2 125 102
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Table A.6. Results of the load capacity of strengthening beam-column joints

[Reference]-Specimen Peak load (kN)  Average Increase (%) Drift ratio at Load at Increase (%)
(kN) Peak Load (%) 4.5% drift

Push Pull Push  Pull ratio (kN)

() ) ) )
[106]-DCS 64.40 63.20 63.80 - 220 220  46.00 -
[106]-RDS-3H75 66.60 66.30  66.50 4.2 220 2.10 46.70 1.5
[106]-RDS-3H325 75.40 74.30 7490 17.4 220 200 42.60 1.4
[106]-RDS-3H325F 85.70 87.30 86.50 35.6 520 520 84.70 84.1
[106]-RDS-4HS500F 96.90 97.10  97.00 52.0 450 450 97.00 110.9
[106]-RDS-1X250 75.30 74.10  74.70 17.1 350 2795 74.20 61.3
[107]-CS 48.20 48.60 48.40 - 450 450 4840 -
[107]-RS-1H300 59.50 59.30  59.40 22.7 350 350 - 24.0.
[107]-RS-2H450I 68.40 68.20 68.30 41.1 340 340 - 29.0
[107]-RS-2H450 T1 67.30 66.80 67.00 384 3.50 1.70 - 44.0
[107]-RS-3H600I 74.50 75.40 7490 54.7 220 270 - 10.0
[107]-RS-3H600IT 76.90 76.00 76.50 58.1 275 350 - 40.0
[107]-RS-3L600 86.60 87.60 87.10 79.9 430 450 - 110.0
[108]-CS-3D 54.80 5590 55.40 - 220 220 4830 -
[108]-SCS-3D 69.80 68.20  69.00 24.5 440 450  69.00 42.8
[108]-RDS-3L300 73.20 72.30  72.70 31.2 3.60 3.50  70.50 46.0
[108]-RDS-3L300-EBR  70.10 68.30  69.20 24.9 2.80 280  62.50 29.4
[108]-RDS-3L300FW 74.70 77.90  76.30 37.7 360 430  75.80 56.9
[109]-RDS-X 73.20 68.70  70.95 28111086830 450 450  70.90 46.8!1081-CS-3D
[109]-RDS-X-EBR 66.60 67.45 67.03 2101086830150 350  66.10 36.811081-CS-3D
[109]-RDS-1X3H300F 85.48 83.70 84.60 52, 7M08-C83D 520 520  84.50 74.9I108-CS-3D
[109]-RDS-1X3H450F 83.15 82.84 83.00 59.8[108-CS3D 275 275  72.30 49,70108]-CS-3D
[110]-CS 28.90 2796 28.43 - 1.75 140 2335 -
[110]-RS-1V-1X 42.27 43.52  42.89 50.9 275 275 2995 28.3
[110]-RS-1V-2X 47.08 46.25 46.67 64.1 220 220  31.06 33.0
[110]-RS-1V-2X-2H 1 45.32 44.00 44.66 57.1 520 450  44.40 90.2
[110]-RS-1V-2X-2HIT  48.91 49.63  49.27 73.3 520 520  49.27 111.0
[111]-SIL150-1X 40.60 41.50 41.10 44.6!1101-C8 275 350 3470 48.6!1101-CS
[111]-S2L300-G2X 45.80 45.50 45.70 60.7!1101-CS 275 220  38.10 63.211101-C8
[111]-S1V-2H-F2X 49.70 49.60 49.30 73.41101-C8 520 520  48.80 109.011101-CS
[111]-S2CSB-2H-F2X 51.40 50.70  51.00 79.4L1101-C8 450 450 51.00 118.4[1101-C8
[112]-CS 48.20 48.60 48.40 - 450 450 4840 -
[112]-RS-1H300 52.40 5290 52.70 8.9 350 350 - -
[112]-RS-2L300 56.30 56.90 56.60 16.9 350 350 - -
[112]-RS-1H300.F180 59.50 59.30  59.40 22.7 350 350 - -
[112]-RS-1L300.F90 58.50 59.10  58.80 21.5 450 450  58.80 21.5
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Table A.7. Results of the ductility index of strengthening beam-column joints

[Reference]-Specimen Displacement* Displacement* Ductility Increase (%)
(mm) * (mm) factor
Push  Pull Push  Pull Push  Pull Push (+) Pull (-)
() ) ) ) (6] ()
06]-DCS 23.20 2290 4030 40.50 1.74 1.77 - -
06]-RDS-3H75 2250 2290 37.80 3640 1.68 1.59 -3.5 -10.2
06]-RDS-3H325 2620 26.00 3620 34.60 1.38 1.33 -20.7 -24.8
06]-RDS-3H325F 27.20 2630 79.10 78.60 2091 2.99 67.2 68.9
06]-RDS-4H500F 3410 33.60 7830 79.30 2.30 2.36 322 333
06 RDS 1X250 26.10 2490 77.70 7690 2.98 3.08 71.3 74.0
07]- 12.80 12.00 67.70 67.70 5.29 5.64 - -
RS 1H300 1560 1590 77.70 67.80 4.98 4.26 -5.9 -24.5
-RS-2H4501 19.10 21.00 52.60 52.60 2.75 2.50 -48.0 -55.7
-RS-2H450 I1 17.60 19.60 77.60 76.60 4.41 391 -16.6 -30.7
07]-RS-3H6001IT 27.60 2320 52770 5240 1.91 2.26 -63.9 -59.9
07]-RS-3L600 20.00 19.30 63.90 67.50 3.20 3.50 -39.5 -37.9
08]-CS-3D 18.70 20.50 31.70 3390 1.69 1.65 - -
08]-SCS-3D 28.10 26.80 74.80 74.70 2.66 2.79 57.4 69.1
08]-RDS-3L300 30.30 30.60 6420 65.80 2.11 2.15 24.8 30.3
08]-RDS-3L300-EBR  28.10 28.50 57.00 59.00 2.03 2.07 20.1 254
08]-RDS-3L300FW 2830 27.70 7790 77.60 2.75 2.80 62.7 69.7
-RDS-X 29.10 29.80 7130 69.70 2.45 2.34 45.01108-€8-3D 47 gl108]-CS-3D
09]-RDS-X-EBR 27.00 2630 5850 58.40 2.17 2.22 28.4[1081-CS3D 34 5[108-CS-3D

-RDS-1X3H300F 2630 3230 79.90 7840 3.04 298  79.9!108-CS3D - g( 6!108-CS-3D
RDS 1X3H450F 23.80 2520 5280 5490 222 2,18  31.4[108CS3D 39 plI08]-CS-3D

[ [
[ [
09 [ [
[ [

1538 1391 2444 2490 1.59 1.80 - -
RS 1V-1X 18.24 22.1 38.20 39.67 2.09 1.80 314 0.0

-RS-1V-2X 23.16 2475 3050 30.60 1.32 .24 -17.0 -31.1
10]-RS-1V-2X-2H 1 1949 18.65 74.16 73.48 3.80 394 139.0 118.9
10]-RS-1V-2X-2HTII ~ 21.85 24.16 73.10 73.12 3.35 3.03 110.7 68.3

-S1L150-1X 20.30 22.70 4950 49.80 240 220  50.9010KCS 222111018

-S2L.300-G2X 23.00 2340 3850 3830 1.70 1.60  6.911101-CS -11.1M1101C8

-S1V-2H-F2X 2190 2420 73.10 73.10 340  3.00 113.8/110KCS 66, 711101CS

SZCSB 2H-F2X 2720 2930 7250 69.90 270 240  69.8!10€S 33.3M1ocs

;_“_“_“_“_“_“_H_:s_u_n_n_n_u_n_“_“_“_“_“_“_u_‘s_u_n_n_n_n_“_“_“_“_“_“_J

1
1
1
1
1
1
1
[107
[107
[107
1
i
1
1
1
1
1
[109
1
1
[109
[110
[110
[110
1
i
1
1
1
1
1
1
1
1
1

11
11
11
11
12]-
12
12
12
12

13.80 13.00 79.40 83.50 5.75 642 - -
RS 1H300 12,50 11.80 6420 5180 5.14 439 -10.6 -31.6
-RS-2L300 17.00 14.50 7580 67.70 446 4.67 -224 -27.2
-RS-1H300.F180 1390 1340 77.70 67.80 5.58 508 3.0 -20.8
|-RS-1L300.F90 19.60 17.60 7690 77.00 392 438 -31.8 -31.8

Displacement* at yield; Displacement™* at 15% drop of the maximum load.
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Table A.8. Results of energy dissipation, stiffness reduction, and equivalent hysteretic damping ratios
of the strengthened beam-column joints in 4.5% drift ratio

[Reference]-Specimen Energy Increase (%) Stiffness  Increase (%) Equivalent Increase (%)

dissipation (kKN/mm) Hysteretic

(kKN.mm) damping
[106]-DCS 17464 - 0.69 - 0.124 -
[106]-RDS-3H75 18295 4.7 0.73 5.8 0.127 2.4
[106]-RDS-3H325 20143 15.3 0.64 272 0.131 5.6
[106]-RDS-3H325F 34928 100.0 1.35 95.7 0.193 55.6
[106]-RDS-4H500F 26981 54.5 1.48 114.5 0.128 32
[106]-RDS-1X250 27166 55.5 1.13 63.8 0.143 15.3
[107]-CS 28733 - 0.72 - 0.239 -
[107]-RS-1H300 37729 31.3 0.87 20.8 0.267 11.7
[107]-RS-2H450I 30480 6.1 0.85 18.0 0.235 -1.7
[107]-RS-2H450 T1 34934 21.6 0.99 37.5 0.242 1.2
[107]-RS-3H600I 26725 -7.0 1.42 97.2 0.231 -33
[107]-RS-3H600IT 26288 -8.5 0.91 26.4 0.206 -13.8
[107]-RS-3L600 37030 28.9 1.42 97.2 0.174 -27.2
[108]-CS-3D 18535 - 0.72 - 0.099 -
[108]-SCS-3D 25637 383 1.12 55.5 0.115 16.2
[108]-RDS-3L300 21520 16.1 1.13 56.9 0.107 8.1
[108]-RDS-3L300-EBR 22175 19.6 1.13 56.9 0.111 12.1
[108]-RDS-3L300FW 23630 27.5 0.74 2.8 0.114 15.1
[109]-RDS-X 22170 19.61081-C83D 1 07 48.6!108-CS-3D 0,106 7.111081-C8-3D
[109]-RDS-X-EBR 23607 27.4[1081-€83D 1 02 41.71108-CS-3D 0,119 20.211081-C8-3D
[109]-RDS-1X3H300F 26060 40.6!1081-CS-3D 1 28 77.811081-C83D 0 147 48 5!1081-C5-3D
[109]-RDS-1X3H450F 24369 31.5M108C83D 111 54 2[108-C83D 110 11.10108-CS-3D
[110]-CS 5056 - 0.35 0.0 0.153 -
[110]-RS-1V-1X 7608 50.5 0.54 54.3 0.164 7.2
[110]-RS-1V-2X 6241 234 0.61 74.3 0.126 -17.6
[110]-RS-1V-2X-2H 1 12437 146.0 0.68 943 0.243 58.8
[110]-RS-1V-2X-2HII 11435 126.2 0.76 117.1 0.214 39.9
[111]-S1L150-1X 6309 24 Q11018 0.52 48.6!!101-CS 0.142 -7.201101-C8
[111]-S2L300-G2X 6309 24 8l1101-C8 0.59 68.6!110-CS 0.136 -11.1M1101cs
[111]-S1V-2H-F2X 11423 125.911101-¢8 0.75 114311050214 39.911101-CS
[111]-S2CSB-2H-F2X 7763 53.5L1101-C8 0.78 1229111065 0,144 -5.911101-CS
[112]-CS 36678 - 0.75 - - -
[112]-RS-1H300 39434 7.5 0.69 -8.0 - -
[112]-RS-2L.300 37526 2.3 0.87 16.0 - -
[112]-RS-1H300.F180 48127 31.2 0.88 17.3 - -
[112]-RS-1L300.F90 37526 2.3 0.90 20.0 - -
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