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Supplementary Materials

Appendix 1 Summary of experimental studies on the impact behavior of RC beams

Geometric size Concrete Longitudinal reinforcement Shear reinforcement Hammer Test results
et Speemen (mbm) (mhm) (mlm) (rrllrr]'n) (n?%) (Nﬁ’a) (mgsﬂz) (Mf Pa) (mﬁwsAZ) (lv];|y3a) (l\jlga) ) (rT\I//s) (|'<wg) (kFlG) (i;nr;x) Fairemadel
T1 A37 200 400 2400 2000 50 412 1924 373 1924 373 373 0.21 367 384 750 8.1 Flexure
T2 A46 200 400 2400 2000 50 41.2 1924 373 1924 373 373 0.21 458 384 880 10.1 Flexure
T3 A56 200 400 2400 2000 50 41.2 1924 373 1924 373 373 0.21 561 384 1000 131 Flexure-shear
T4 AB5 200 400 2400 2000 50 41.2 1924 373 1924 373 373 0.21 652 384 1110 16.0 Shear
T5 AT74 200 400 2400 2000 50 412 1924 373 1924 373 373 0.21 742 384 1290 220 Shear
T6 A84 200 400 2400 2000 50 412 1924 373 1924 373 373 0.21 840 384 1400 244 Shear
T7 B37 200 400 2400 2000 50 412 1924 373 1924 373 373 0.42 367 384 760 75 Flexure 2
T8 B46 200 400 2400 2000 50 41.2 1924 373 1924 373 373 0.42 458 384 900 11.3 Flexure-shear
T9 B65 200 400 2400 2000 50 41.2 1924 373 1924 373 373 0.42 652 384 1200 16.0 Shear
T10 B74 200 400 2400 2000 50 41.2 1924 373 1924 373 373 0.42 742 384 1280 198 Flexure-shear
T11 B84 200 400 2400 2000 50 412 1924 373 1924 373 373 0.42 840 384 1416 240 Flexure-shear
T12 B93 200 400 2400 2000 50 412 1924 373 1924 373 373 0.42 930 384 1575 280 Flexure-shear
T13 S1616-1 150 250 1700 1400 40 420 402 426 402 426 295 1.40 1.73 400 125 59 None
T14 S1616-2 150 250 1700 1400 40 42.0 402 426 402 426 295 1.40 245 400 180 11.0 None
T15 S1616-3 150 250 1700 1400 40 42.0 402 426 402 426 295 1.40 3.46 400 248 20.1 Flexure
T16 S1616-4 150 250 1700 1400 40 42.0 402 426 402 426 295 1.40 485 400 317 36.2 Flexure
T17 S1322-1 150 250 1700 1400 40 42.0 760 397 265 397 295 1.40 245 400 190 7.8 None
T18 S1322-2 150 250 1700 1400 40 42.0 760 397 265 397 295 1.40 346 400 260 114 Flexure
T19 S1322-3 150 250 1700 1400 40 42.0 760 397 265 397 295 1.40 485 400 305 235 Flexure o
T20 S1322-4 150 250 1700 1400 40 42.0 760 397 265 397 295 1.40 6.86 400 340 27.0 Flexure
T21 S§2222-1 150 250 1700 1400 40 42.0 760 418 760 418 295 1.40 245 400 200 7.0 None
T22 S§2222-2 150 250 1700 1400 40 42.0 760 418 760 418 295 1.40 3.46 400 260 11.0 Flexure
T23 S$2222-3 150 250 1700 1400 40 42.0 760 418 760 418 295 1.40 485 400 313 214 Flexure
T24 S2222-4 150 250 1700 1400 40 42.0 760 418 760 418 295 1.40 6.86 400 388 318 Flexure
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Appendix 1 (Continued)

Geometric size Concrete Longitudinal reinforcement Shear reinforcement Hammer Test results
et spemer (mbm) (mhm) (mlm) (n:?n) () (wfcpa) (mgsAz) (w{éa) (m/r?]S’\Z) (lvf|ypa) (l\;Iva’a) o (rr:cs) (kMg) (m) (;mﬁf) Fairemodel
T25 Al 150 250 1400 1000 40 24.0 265 345 265 345 295 0.75 500 300 434 241 n/p
T26 A2-1 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 3.46 150 321 13.6 Flexure
T27 A2-2 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 245 300 293 25.4 Flexure
T28 A2-3 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 200 450 245 37.0 Flexure
T29 A2-4 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 4.90 150 453 16.3 Flexure
T30 A2-5 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 350 300 417 316 Flexure
T31 A2-6 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 280 450 346 437 Flexure
T32 A2-7 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 600 150 573 179 Flexure
T33 A2-8 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 424 300 513 333 Flexure
T34 A2-9 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 346 450 445 48.4 Flexure
T35 A2-10 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 1.00 300 65 45 Flexure [2]
T36 A2-11 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 2.00 300 253 12.6 Flexure
T37 A2-12 150 250 2400 2000 40 24.0 265 345 265 345 295 0.75 300 300 426 26.9 Flexure
T38 A2-13 150 250 2400 2000 40 240 265 345 265 345 295 0.75 400 300 489 414 Flexure
T39 A2-14 150 250 2400 2000 40 240 265 345 265 345 295 0.75 500 300 466 583 Flexure
T40 A4 150 250 4400 4000 40 24.0 265 345 265 345 295 0.75 500 300 452 114.9 n/p
T41 B 300 150 2400 2000 40 24.0 530 345 530 345 295 0.75 500 300 667 77.0 n/p
T42 Cc 150 250 2400 2000 40 24.0 402 345 402 345 295 0.75 5.00 300 650 424 n/p
T43 D 150 250 2400 2000 40 24.0 157 345 157 345 295 0.75 5.00 300 639 94.0 n/p
T44 E 150 400 2400 2000 40 24.0 265 345 265 345 295 0.75 500 300 742 291 n/p
T45 F 150 400 2400 2000 40 24.0 157 345 157 345 295 0.75 5.00 300 664 43.9 n/p
T46 BD1 150 310 3000 1860 33 45.8 603 394 0 394 0 0.00 443 333 912 n/p Shear
T47 BD2 150 310 3000 1860 33 45.8 603 394 0 394 0 0.00 885 333 1708 n/p Shear
T48 BD3 150 310 3000 1860 33 45.8 603 394 0 394 0 0.00 571 200 1184 n/p Shear [38]
T49 BD4 150 310 3000 1860 33 45.8 603 394 0 394 0 0.00 443 200 768 n/p Flexure
T50 BD5 150 310 3000 1860 33 45.8 603 394 0 394 0 0.00 571 200 1360 n/p  Flexure-shear
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Geometric size Concrete Longitudinal reinforcement Shear reinforcement Hammer Test results
most Spemer (mbm) (mhm) (mlm) (rrllrr]'n) () (Nﬁ’a) (mgsﬂz) (Mf Pa) (mﬁwsAZ) (lv];|y3a) (l\jlga) %) (rT\I//s) (|'<wg) (kFlG) (i;nr;x) Faluemogel
T51 G1-1 200 300 3400 3000 40 337 567 379 567 379 295 0.07 700 300 149 643 n/p
T52 G1-18 200 300 3400 3000 40 337 567 379 567 379 295 0.07 700 300 1601 58.0 n/p
T53 G2-1 150 250 2400 2000 40 32.2 265 373 265 373 295 0.13 400 300 510 28.3 n/p
T54 G2-2 150 250 2400 2000 40 32.2 265 373 265 373 295 0.13 500 300 779 44.0 n/p
T55 G2-3 150 250 2400 2000 40 32.2 265 373 265 373 295 0.13 6.00 300 854 57.0 n/p
T56 G2L-1 150 250 2400 2000 40 32.2 265 373 265 373 295 0.13 400 400 447 442 Flexure
T57 G2L-2 150 250 2400 2000 40 322 265 373 265 373 295 0.13 500 400 668 66.8 Flexure
T58 G2L-3 150 250 2400 2000 40 322 265 373 265 373 295 0.13 6.00 400 787 897 Flexure
T59 G3-1 150 250 2400 2000 40 34.6 265 393 265 393 295 0.13 400 300 609 36.7 n/p
T60 G3-2 150 250 2400 2000 40 34.6 265 393 265 393 295 0.13 500 300 770 52.0 n/p
T61 G3-3 150 250 2400 2000 40 34.6 265 393 265 393 295 0.13 6.00 300 839 70.6 n/p
T62 G4-1 150 250 2400 2000 40 323 265 373 265 373 295 0.13 400 300 800 397 n/p
T63 G4-2 150 250 2400 2000 40 323 265 373 265 373 295 0.13 500 300 98  56.1 n/p
T64 G5-1 200 300 3400 3000 40 39.2 567 379 567 379 295 0.07 6.00 400 1313 635 Flexure =
T65 G5-2 200 300 3400 3000 40 39.2 567 379 567 379 295 0.07 7.00 400 1557 834 Flexure
T66 G6-1 250 250 2400 2000 40 34.7 567 392 567 392 295 0.13 500 300 1336 264 n/p
T67 G7-1 250 250 3400 3000 40 34.7 567 392 567 392 295 0.09 500 300 1243 458 n/p
T68 G7-2 250 250 3400 3000 40 347 567 392 567 392 295 0.09 6.00 300 1588 60.9 n/p
T69 G8-1 200 200 2400 2000 40 347 982 383 982 383 295 0.16 6.00 300 1192 365 n/p
T70 G9-1 200 200 3400 3000 40 347 982 383 982 383 295 0.12 500 300 931 432 n/p
T71 G9-2 200 200 3400 3000 40 34.7 982 383 982 383 295 0.12 6.00 300 1103 579 n/p
T72 G10-1 200 250 3400 3000 40 235 567 404 567 404 295 0.09 400 300 751 337 None
T73 G10-2 200 250 3400 3000 40 235 567 404 567 404 295 0.09 500 300 922 495 Flexure
T74 G10-3 200 250 3400 3000 40 235 567 404 567 404 295 0.09 6.00 300 1017 67.8 Flexure
T75 G10-4 200 250 3400 3000 40 235 567 404 567 404 295 0.09 700 300 1042 839 Flexure
T76 G11-1 200 300 3100 2700 50 23.6 760 401 760 401 295 0.08 313 500 703 205 n/p
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Geometric size Concrete Longitudinal reinforcement Shear reinforcement Hammer Test results
Number Specimen b h | In a f; A f, A f, fuy o v M Fo Smax Eailure model Reference
(mm) (mm) (mm) (mm) (mm) (MPa) (mm~2)  (MPa) (mm*2) (MPa) (MPa) (%) (m/s)  (kg) (kN) (mm
T77 G11-2 200 300 3100 2700 50 236 760 401 760 401 295 0.08 4.20 500 971 332 n/p
T78 G11-3 200 300 3100 2700 50 236 760 401 760 401 295 0.08 5.05 500 1462 431 n/p
T79 Gl1-4 200 300 3100 2700 50 236 760 401 760 401 295 0.08 578 500 1878 555 n/p
T80 G11-5 200 300 3100 2700 50 23.6 760 401 760 401 295 0.08 6.42 500 1765 67.2 n/p
T81 G11-6 200 300 3100 2700 50 23.6 760 401 760 401 295 0.08 7.00 500 1907 834 n/p
T82 Gl2-1 200 300 3100 2700 50 23.6 1473 407 1473 407 295 0.08 7.67 500 1675 854 n/p ol
T83 G13-1 200 400 3100 2700 50 236 982 406 982 406 295 0.06 767 500 2150 60.6 n/p
T84 G14-1 200 350 3100 2700 50 236 982 406 982 406 295 0.07 767 500 2258 637 n/p
T85 G15-1 200 400 3100 2700 50 236 982 406 982 406 295 0.06 767 500 2063 405 n/p
T86 G16-1 200 370 3100 2700 50 23.6 982 406 982 406 295 0.06 7.67 500 2023 529 n/p
T87 B1 200 400 2800 2400 42 20.1 982 429 402 429 314 0.50 5.90 253 1500 124  Flexure-shear
T88 B2 200 400 2800 2400 42 20.1 982 429 402 429 314 0.50 1520 253 2203 79.8 Flexure
T89 B3 200 400 2800 2400 42 20.1 982 429 402 429 314 0.50 720 393 1689 448 Flexure
T90 B4 200 400 2800 2400 42 385 1473 429 402 429 0 0.00 7.20 393 2014 1426 Shear [l
T91 B5 200 400 2800 2400 42 385 1473 429 402 429 314 0.50 7.20 393 1948 203 Flexure
T92 B6 200 400 2800 2400 42 385 1473 429 402 429 314 0.25 7.20 393 2214 314  Flexure-shear
T93 B-1700-4.60 200 500 6000 5000 40 27.0 1257 495 402 495 344 0.09 460 1700 1360 83.7 Flexure
T94 B-1052-6.40 200 500 6000 5000 40 27.9 1257 495 402 495 344 0.09 6.40 1052 1900 79.3 Flexure-shear
T95 B-868-7.14 200 500 6000 5000 40 24.8 1257 495 402 495 344 0.09 7.14 868 1450 209.0 Shear
T96 C-1700-4.60 200 500 4000 3000 40 321 1257 495 402 495 344 0.09 460 1700 1380 118.0 Shear
T97 C-1300-5.56 200 500 4000 3000 40 30.3 1257 495 402 495 344 0.09 556 1300 1500 674 Shear 7
T98 C-868-7.14 200 500 4000 3000 40 26.3 1257 495 402 495 344 0.09 714 868 1780 679 Shear
T99 D-1700-4.60 200 500 4000 3000 40 32.7 1257 495 402 495 344 0.19 460 1700 1380 415 Flexure
T100 D-1300-5.56 200 500 4000 3000 40 25.6 1257 495 402 495 344 0.19 556 1300 1500 48.0 Flexure
T101 D-868-7.14 200 500 4000 3000 40 25.0 1257 495 402 495 344 0.19 7.14 868 1780 475 Flexure-shear
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Appendix 1 (Continued)

Geometric size Concrete Longitudinal reinforcement Shear reinforcement Hammer Test results
e peemer (mbm) (mhm) (mlm) (n:?n) () (wfcpa) (mgsAz) (Mf Pa) (mAmSAz) (lvf|ypa) (l\;Iva’a) ) (mV/s) (kMg) (|'<:rfl) (frr\nranx) Failwre model

T102 DR3.3_2.4-1 150 250 1700 1400 40 40.0 760 520 760 520 310 0.00 243 300 n/p 3.8 None
T103 DR3.3_2.4-2 150 250 1700 1400 40 40.0 760 520 760 520 310 0.00 343 300 n/p 6.9 Shear
T104 DR3.3_2.4-3 150 250 1700 1400 40 40.0 760 520 760 520 310 0.00 420 300 np 127 Shear
T105 DR3.3 2.4-4 150 250 1700 1400 40 40.0 760 520 760 520 310 0.00 485 300 nfp 300 Shear
T106 DR3.3_2.4_0.12-1 150 250 1700 1400 40 40.0 760 520 760 520 310 0.11 243 300 n/p 6.4 Shear
T107 DR3.3_2.4_0.12-2 150 250 1700 1400 40 40.0 760 520 760 520 310 0.11 3.43 300 n/p 115 Shear
T108 DR3.3_2.4_0.12-3 150 250 1700 1400 40 40.0 760 520 760 520 310 0.11 420 300 n/p 18.2 Shear
T109 DR3.3_2.4_0.12-4 150 250 1700 1400 40 40.0 760 520 760 520 310 0.11 485 300 n/p 21.6 Shear
T110 DR3.3 24 056-1 150 250 1700 1400 40 40.0 760 520 760 520 310 0.54 343 300 n/p 9.0 None
T111 DR3.3_2.4_0.56-2 150 250 1700 1400 40 40.0 760 520 760 520 310 0.54 420 300 n/p 134 Flexure
T112 DR3.3_2.4_0.56-3 150 250 1700 1400 40 40.0 760 520 760 520 310 0.54 485 300 n/p 15.7 Shear
T113 DR3.3_2.4_0.56-4 150 250 1700 1400 40 40.0 760 520 760 520 310 0.54 560 300 n/p 19.2 Shear
T114 SR3.8_0.8-1 160 240 2000 1600 30 40.0 265 520 0 520 310 0.00 243 300 n/p 10.8 Flexure
T115 SR3.8_0.8-2 160 240 2000 1600 30 40.0 265 520 0 520 310 0.00 343 300 n/p 202 Flexure 1]
T116 SR3.8_0.8-3 160 240 2000 1600 30 40.0 265 520 0 520 310 0.00 420 300 np 295 Flexure
T117 DR3.8_0.8.0.11-1 160 240 2000 1600 30 40.0 265 520 265 520 310 0.11 343 300 n/p 186 Flexure
T118 DR3.8_0.8_0.11-2 160 240 2000 1600 30 40.0 265 520 265 520 310 0.11 420 300 n/p 345 Flexure
T119 DR3.8_0.8_0.11-3 160 240 2000 1600 30 40.0 265 520 265 520 310 0.11 485 300 n/p 41.0 Flexure
T120 DR3.8_0.8_0.15-1 160 240 2000 1600 30 40.0 265 520 265 520 310 0.15 3.43 300 n/p 19.6 Flexure
T121 DR3.8_0.8_0.15-2 160 240 2000 1600 30 40.0 265 520 265 520 310 0.15 420 300 n/p 28.8 Flexure
T122 DR3.8_0.8_0.15-3 160 240 2000 1600 30 40.0 265 520 265 520 310 0.15 485 300 np 392 Flexure
T123 SR5.7_1.6-1 120 170 2000 1600 30 40.0 265 520 0 520 310 0.00 243 300 n/p 200 Flexure
T124 SR5.7_1.6-2 120 170 2000 1600 30 40.0 265 520 0 520 310 0.00 297 300 n/p 288 Flexure
T125 SR5.7_1.6-3 120 170 2000 1600 30 40.0 265 520 0 520 310 0.00 3.43 300 n/p 37.1 Flexure
T126 DR5.7_1.6_0.15-1 120 170 2000 1600 30 40.0 265 520 265 520 310 0.15 243 300 n/p 20.0 Flexure
T127 DR5.7_1.6_0.15-2 120 170 2000 1600 30 40.0 265 520 265 520 310 0.15 297 300 n/p 30.0 Flexure




Hindawi Template version: May18

Appendix 1 (Continued)

Geometric size Concrete Longitudinal reinforcement Shear reinforcement Hammer Test results
e peemer (mbm) (mhm) (mlm) (n::n) () (wfcpa) (mgsAz) (w{éa) (m/r?]S’\Z) (lvf|ypa) (l\;Iva’a) o (nY/s) (kMg) (m) (frr\nranx) Fairemodel
T128 DR5.7_1.6_0.15-3 120 170 2000 1600 30 40.0 265 520 265 520 310 0.15 3.43 300 n/p 39.1 Flexure
T129 DR5.7_1.6_0.20-1 120 170 2000 1600 30 40.0 265 520 265 520 310 0.21 243 300 n/p 19.1 Flexure
T130 DR5.7_1.6_0.20-2 120 170 2000 1600 30 40.0 265 520 265 520 310 0.21 297 300 nip 28.8 Flexure [
T131 DR5.7_1.6_0.20-3 120 170 2000 1600 30 40.0 265 520 265 520 310 0.21 3.43 300 n/p 37.9 Flexure
T132 BD1 150 310 2700 1860 33 28.1 603 477 603 477 550 0.22 4.15 253 891 12.0 Flexure
T133 BD2 150 310 2700 1860 33 26.9 603 477 603 477 550 0.22 7.11 253 1396 240 Flexure
T134 BD3 150 310 2700 1860 33 26.9 603 477 603 477 550 022 1196 253 1940 750 Shear [39]
T135 BD4 150 310 2700 1860 33 414 603 477 603 477 550 0.22 7.81 578 1466  80.0 Flexure
T136 BD5 150 310 2700 1860 33 414 603 477 603 477 550 0.22 510 578 983  38.0  Flexure-shear
T137 A-1 100 250 3000 2500 28 30.0 402 490 402 490 340 0.38 3.12 968 260 81.0 Flexure
T138 A-2 100 250 3000 2500 28 30.0 402 490 402 490 340 0.38 4.00 587 420 74.0 Flexure
T139 A-3 100 250 3000 2500 28 30.0 402 490 402 490 340 0.38 5.70 392 790 83.6 Flexure ol
T140 A-4 100 250 3000 2500 28 30.0 402 490 402 490 340 0.38 8.50 197 800 89.5 Flexure
T141 B-0-00 200 400 2800 2400 425 41.9 1473 460 402 460 0 0.00 7.20 393 2014 1426 Shear
T142 B-0-25 200 400 2800 2400 425 41.9 1473 460 402 460 314 0.25 7.20 393 2214 314 Flexure-shear [37]
T143 B-0-50 200 400 2800 2400 425 41.9 1473 460 402 460 314 0.50 7.20 393 1948 203 Flexure
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