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A proposal for verification method of flexural-failure type RC beams under impact loading following

performance-based design concept
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In order to establish a verification method for performance-based impact resistant de-
sign method for flexural-failure type RC beams, experimental data of total thirty-six
RC beams under single impact loading whose dimensions of cross-section, main re-
bar ratio and clear span were varied and bending-shear capacity ratio is more than 1.5,
were accumulated. In order to verify the load-carrying capacity of the RC beams from
service limit sate to ultimate limit state, data for wide range of each parameter were
considered as: 2.4 to 14.7 kJ input impact energy; 300 to 500 kg mass of heavy weight
for falling-weight impact loading; and 4 to 7.7 m/s impact velocity. From this study, it
is confirmed that: input impact energy is proportional to residual displacement of RC
beams; and static load-carrying capacity for verifying impact resistant capacity of the
RC beam for required limit state can be evaluated using that relationship.
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P& 2&& L (m) )4 (%) M (kg) (MPa) Pyse (kKN) Vise (KN) O (=VyselPuse) | 'V (m/s)
C?ll—-lls 200 x 300 | D19 2 3 1.10 300 33.7 64.2 102.8 1.60 7
G2-1 4
G2-2 | 150 x 250 | D13 2 2 0.80 300 32.2 38.2 63.6 1.66 5
G2-3 6
G2L-1 4
G2L-2 | 150 x 250 | D13 2 2 0.80 400 32.2 38.2 63.6 1.66 5
G2L-3 6
G3-1 4
G3-2 | 150 x 250 | D13 2 2 0.80 300 34.6 43.6 140.2 3.22 5
G3-3 6
gj:; 150 x 250 | D13 2 2 0.80 300 32.3 39.1 143.5 3.67 :
G5-1 6
200 x 300 | D19 2 3 1.10 400 39.2 69.7 167.0 2.40
G5-2 7
G6-1 | 250 x 250 | D19 2 2 1.09 300 34.7 84.1 185.4 2.20 5
g;:; 250 x 250 | D19 2 3 1.09 300 34.7 56.1 156.7 2.79 Z
G8-1 | 200 x 200 | D25 2 2 3.17 300 34.7 101 153.3 1.52 6
69-1 200 x 200 | D25 2 3 3.17 300 34.7 67.3 131.4 1.95 >
G9-2 6
G10-1 4
gig:g 200 x 250 | D19 2 3 1.36 300 23.5 57.5 97.4 1.70 Z
G10-4 7
Gl1-1 3.13
Gl11-2 4.20
gii:i 200 x 300 | D22 2 2.7 1.55 500 23.6 94.9 177.6 1.87 2(7)2
Gl11-5 6.42
Gl11-6 7.00
G12-1 | 200 x 300 | D19 3 2.72 104.4 180.9 1.73
G13-1 | 200 x 400 | D25 2 1.45 179.1 382.1 2.13
G14-1 | 200 x 350 | D25 2 2.7 1.69 500 23.6 150.6 299.3 1.99 7.67
G15-1 | 200 x 400 | D22 2 1.84 2234 714.0 3.20
G16-1 | 200 x 370 | D25 2 1.58 162.0 355.2 2.19
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Gl 10 33.7 21.3 0.19 D19 SD345 379

G2,G2L 26 32.2 22.9 0.17 D13 SD345 373
G3 13 34.6 25.0 0.23 D13 SD345 393
G4 26 32.3 20.9 0.17 D13 SD345 373
G5 11 39.2 28.3 0.18 D19 SD345 379
gg D19 SD345 392
Gs 88 34.7 25.7 0.21
GO D25 SD345 383
G10 47 23.5 20.0 0.26 D19 SD345 404
Gl11 D22 SD345 380
G12 D19 SD345 380
GI3 23 23.6 - D25 SD345 380
Gl14
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Gl6 D25 SD345 380
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®—3 FWHIRO 5L

- W% | ET S TR | Bk | hokmEE | K :
AR | me | waar— | st | s | @Rh | aks | Eak | B
4 V (m/s) h (m) (KJ) O,(mm) D(mm) P(kN) (kN) LR
GIl-1 7 550 7.35 473 64.3 1495.6 278.5 4.34 0.016

G1-1S 7.35 41.6 58.0 1600.6 287.6 4.48 0.014
G2-1 4 0.82 2.40 19.5 28.3 510.2 95.3 2.49 0.010
G2-2 5 1.27 3.75 34.5 44.0 779.3 92.9 2.43 0.017
G2-3 6 1.83 5.40 46.2 57.0 853.5 149.6 3.91 0.023

G2L-1 4 0.82 3.20 34.6 44.2 446.6 99.0 2.59 0.017

G2L-2 5 1.27 5.00 56.6 66.8 668.4 138.8 3.63 0.028

G2L-3 6 1.83 7.20 79.5 89.7 786.9 177.9 4.65 0.040
G3-1 4 0.82 2.40 28.9 36.7 1208.5 80.6 1.85 0.014
G3-2 5 1.27 3.75 43.6 52.0 1469.5 126.4 2.90 0.022
G3-3 6 1.83 5.40 60.6 70.6 1038.6 169.0 3.88 0.030
G4-1 4 0.82 2.40 30.9 39.7 800.3 122.5 3.13 0.015
G4-2 5 1.27 3.75 45.2 56.1 985.8 153.6 3.93 0.023
G5-1 6 1.83 7.20 439 63.5 1313.2 317.2 4.55 0.015
G5-2 7 2.50 9.80 62.5 83.4 1557.1 363.3 5.21 0.021
G6-1 5 1.27 3.75 16.0 26.4 1335.9 268.4 3.19 0.008
G7-1 5 1.27 3.75 27.8 45.8 1242.8 181.1 3.23 0.009
G7-2 6 1.83 5.40 40.7 60.9 1588.3 192.8 3.44 0.014
GS8-1 6 1.83 5.40 21.2 36.5 1192.1 271.5 2.75 0.011
G9-1 5 1.27 3.75 20.8 43.2 931.2 208.6 3.10 0.007
G9-2 6 1.83 5.40 31.3 57.9 1102.7 248.2 3.69 0.010

G10-1 4 0.82 2.40 14.0 33.7 750.7 173.3 3.23 0.005

G10-2 5 1.27 3.75 26.5 49.5 922.3 183.6 3.44 0.009

G10-3 6 1.83 5.40 39.5 67.8 1016.9 188.3 3.39 0.013

G10-4 7 2.50 7.35 58.0 83.9 1042.3 172.7 3.16 0.019

Gl11-1 3.13 0.50 245 8.9 20.5 702.8 230.8 243 0.003

Gl11-2 4.20 0.90 4.41 19.2 332 971.0 380.0 4.00 0.007

Gl11-3 5.05 1.30 6.38 28.1 43.1 1461.5 372.4 3.92 0.010

Gl1-4 5.78 1.70 8.34 39.1 55.5 1877.8 379.0 3.99 0.014

Gl11-5 6.42 2.10 10.30 494 67.2 1764.8 379.3 4.00 0.018

Gl11-6 7.00 2.50 12.26 58.8 83.4 1906.6 408.1 4.30 0.022

Gl12-1 63.7 85.4 1675.0 397.5 3.81 0.024

G13-1 31.0 60.6 2150.0 598.7 3.34 0.011

Gl14-1 7.67 3.00 14.72 35.0 63.7 2258.1 539.6 3.58 0.013

G15-1 26.5 40.5 2062.9 630.4 2.82 0.010

Gl16-1 35.8 52.9 2022.6 567.7 3.50 0.013
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