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mm mm value unit N m/s mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm kN MPa  GPa  mm mm 

Thick foil, 
0.0381 mm 

[60/0/-60] 

3.2 

Debonding I 

20 20 mm - - - - - 0.87 30.10 32.80 710.00 242.00 - - - - - - - - - 10.69 203.73 38.30 0.60 Skin debonding, skin crack+ 

35 35 mm - - - - - - - - - - - - - - - - - - - 7.75 147.75 34.37 0.49 Skin debonding, skin crack+ 

48 48 mm - - - - - - - - - - - - - - - - - - - 6.80 129.62 31.80 0.59 Skin debonding, skin crack+ 

Debonding II 

12 12 N - - - - - - - - - - - - - - - - - - - 12.69 241.86 35.60 0.77 Skin debonding, skin crack+ 

20 20 N - - - - - - - - - - - - - - - - - - - 11.60 221.15 35.35 0.80 Skin debonding, skin crack+ 

30 30 N - - - - - - - - - - - - - - - - - - - 9.05 172.56 38.10 0.46 Skin debonding, skin crack+ 

50 50 N - - - - - - - - - - - - - - - - - - - 7.79 148.43 31.67 0.51 Skin debonding+ 

Quasi-static 

20 500 N 500 - Dent 1.33 0.20 0.44 17.08 18.92 247.60 34.80 0.62 23.10 418.80 47.00 0.44 17.90 18.40 252.00 20.00 12.23 232.80 40.26 0.71 Skin debonding, skin crack- 

150 

750 N 749 - Dent 0.78 0.27 - - - - - - - - - - - - - - 11.21 213.67 41.93 0.63 Skin debonding, skin crack- 

1000 N 999 - Dent 1.18 0.45 - - - - - - - - - - - - - - 10.13 193.13 40.76 0.52 Skin debonding, skin crack- 

1400 N 1316 - Dent 1.61 0.62 1.04 32 33.4 795 340 1.08 35.7 1001 304 - - - - - 9.64 183.83 40.14 0.52 Skin debonding, skin crack- 

Undamaged Undamaged - - - - - - - - - - - - - - - - - - - - - 12.70 241.63 38.85 0.79 Skin debonding, skin crack+ 

[0/60/-60/0] 
Quasi-static 

20 500 N 500 - Dent 1.14 0.19 0.40 16.78 17.52 228.40 31.80 0.56 23.10 418.00 43.00 0.36 16.70 17.70 222.00 17.00 35.60 494.46 52.71 1.47 Skin crack- 

150 1400 N 1399 - Dent 1.77 0.7 1.09 34.7 36.3 979 433 1.02 37.1 1081 293 - - - - - - - - - - 

Undamaged Undamaged - - - - - - - - - - - - - - - - - - - - - 37.92 526.71 48.20 1.67 Skin crack+ 

[-60/60/0] 
Quasi-static 

20 
500 N 496 - Dent 1.31 0.16 - - - - - - - - - - - - - - 19.14 364.95 41.49 1.01 Skin crack- 

750 N 686 - Skin crack 1.60 0.22 - - - - - - - - - - - - - - 18.30 348.93 42.14 0.95 Skin crack- 

150 1000 N 998 - Dent 1.14 0.26 - - - - - - - - - - - - - - 18.43 351.46 39.35 1.04 Skin debonding, skin crack- 

Undamaged Undamaged - - - - - - - - - - - - - - - - - - - - - 16.75 319.38 41.55 0.89 Skin debonding, skin crack+ 

[90/0] Quasi-static 

20 
500 N 502 - Dent 1.59 0.21 - - - - - - - - - - - - - - 8.05 163.48 39.34 0.55 Skin debonding, skin crack- 

750 N 748 - Dent 2.26 0.33 - - - - - - - - - - - - - - 8.70 165.79 32.43 0.88 Skin debonding, skin crack- 

150 
500 N 499 - Dent 0.40 0.11 - - - - - - - - - - - - - - 7.54 189.77 48.15 0.52 Skin debonding, skin crack- 

1000 N 1002 - Dent 1.16 0.31 - - - - - - - - - - - - - - 7.48 188.33 44.32 0.48 Skin debonding, skin crack- 

Thin foil, 
0.0178 mm 

[0/-60/+60/0] 

3.2 

Impact 

20 

0.33 J 472 0.77 Dent - - 0.58 27.32 28.92 620.00 143.80 0.74 35.46 1030.60 135.80 - - - - - 22.81 334.49 46.42 0.94 Skin buckling, skin crack+ 

0.50 J 592 0.95 Dent - - 0.72 28.72 30.72 672.17 160.00 0.86 39.03 1245.00 192.33 - - - - - 23.46 335.18 48.68 0.81 Skin buckling, skin crack+ 

0.60 J 670 1.07 Dent/skin crack - - 0.95 25.55 27.05 520.00 129.50 0.89 35.20 972.00 153.00 - - - - - 22.87 324.26 46.36 0.83 Skin buckling, skin crack+ 

0.70 J 657 1.12 Dent, crack - - 1.07 33.24 37.00 915.20 311.80 1.00 44.24 1603.80 283.20 - - - - - 20.62 301.84 49.48 0.75 Skin buckling, skin crack+ 

150 

0.50 J 614 0.9007 Dent - - 0.57 25.6 25.9 534 132 0.91 37.1 1078 255 - - - - - 25.64 397.15 55.60 0.86 Skin buckling, skin crack+ 

0.70 J 744 1.0578 Dent - - 0.66 30.5 31.3 773 186 1.04 40.8 1309 341 - - - - - 24.25 375.56 51.53 0.83 Skin buckling, skin crack+ 

1.00 J 897 1.2765 Dent - - 0.78 33.3 34.1 866 266 1.19 45.3 1609 467 - - - - - 23.56 364.90 54.32 0.80 Skin buckling, skin crack+ 

Quasi-static 

20 

1.00 mm 198 - Dent 1.02 0.149 0.28 22 23.5 386 38 0.48 30.7 742 62 0.52 19.2 21.9 295 79 17.62 230.33 39.50 0.68 Skin buckling- 

1.50 mm 468 - Dent 1.51 0.18 0.53 26.00 28.20 544.00 98.60 0.70 33.70 906.00 109.80 0.94 25.40 27.40 523.50 169.50 24.33 331.61 45.33 0.84 Skin buckling, global buckling+ 

2.00 mm 604 - Dent/crack 1.97 0.28 1.22 31.40 33.80 796.00 241.40 0.84 38.84 1219.60 180.00 1.38 32.10 33.95 833.50 327.00 22.06 300.39 44.15 0.85 Skin buckling, global buckling+ 

2.5 mm 567 - Dent/invisible crack 2.55 0.32 0.95 42.3 44.9 1416 407 0.97 51.6 2095 348 1.75 46.5 49 1708 878 9.04 118.15 39.65 0.34 Debonding, global buckling- 

150 

0.50 mm 196 - Dent 0.50 0.08 0.20 20.50 22.10 335.50 25.50 0.44 30.15 714.50 72.00 - - - - - 16.13 228.73 45.67 0.56 Skin debonding, skin crack - 

1.00 mm 318 - Dent 1.01 0.13 0.51 30.5 32.2 724 135 0.62 38.7 1177 158 - - - - - 15.32 217.25 43.64 0.50 Skin debonding, skin crack - 

1.50 mm 882 - Dent 1.51 0.28 0.85 35.03 36.40 979.25 323.50 0.95 41.48 1365.50 306.75 1.26 38.30 38.80 1156.00 481.00 23.06 321.18 44.45 0.85 Skin buckling, skin crack+ 

2.00 mm 684 - Dent 1.98 0.27 0.99 44.6 45.8 1563 587 1.04 57.3 2582 551 - - - - - 18.00 255.26 45.82 0.62 Skin buckling, global buckling+ 

2.50 mm 864 - Dent 2.46 0.41 1.17 50.8 53.5 2069 944 1.23 64.6 3275 808 - - - - - 15.16 214.87 43.47 0.53 Skin buckling, global buckling+ 

Undamaged Undamaged - - - - - - - - - - - - - - - - - - - - - 28.91 368.41 46.95 0.95 Skin buckling, skin crack+ 

6.4 Quasi-static 

20 

1.00 mm 215 - Dent 0.95 0.07 0.30 23.45 26.10 451.00 46.50 0.51 32.00 806.00 71.00 0.48 21.00 24.00 353.00 71.00 22.01 291.51 49.04 0.67 Skin buckling+ 

1.50 mm 335 - Dent 1.43 0.11 0.52 29.70 32.45 702.50 124.50 0.69 39.85 1247.50 147.00 0.84 29.70 32.80 706.00 197.00 20.30 268.92 49.50 0.78 Skin buckling+ 

2.00 mm 471 - Dent 1.90 0.13 0.75 35.80 40.10 1005.50 268.50 0.86 47.15 1745.50 257.50 1.27 38.10 39.90 1153.00 391.00 18.72 247.99 49.47 0.57 Skin buckling, global buckling+ 

150 

1.00 mm 332 - Dent 0.96 0.09 0.53 29.70 32.35 673.00 148.50 0.64 39.65 1233.00 169.50 0.68 25.40 26.80 515.00 185.00 20.23 282.88 49.74 0.65 Skin buckling, global buckling+ 

1.50 mm 494 - Dent 1.44 0.13 0.79 35.80 39.95 1030.50 341.00 0.84 48.50 1850.50 323.00 1.10 36.30 38.00 1045.00 513.00 16.17 226.06 49.94 0.51 Skin buckling+ 

2.00 mm 689 - Dent 1.93 0.22 0.99 42.60 44.95 1466.50 595.50 1.05 57.55 2601.00 557.50 1.51 47.40 49.10 1770.00 1048.00 15.01 209.89 51.24 0.47 Skin buckling+ 

[-60/+60/0] 

3.2 

Impact 

20 

0.31 J 487 0.79 Dent - - 0.55 21.1 22.8 353 69 0.73 28.4 632 83 - - - - - 13.43 250.38 40.36 0.72 Skin buckling, skin crack+ 

0.50 J 650 0.97 Dent - - 0.61 23.47 24.33 442.33 95.67 0.88 32.60 835.00 132.00 - - - - - 15.91 289.33 37.49 0.89 Skin crack- 

0.70 J 658 1.20 Dent - - 0.75 26.8 27.8 567 156 1.01 36 1015 182 - - - - - 18.83 338.47 37.52 1.12 Skin buckling, skin crack+ 

0.70 J 804 1.19 Dent - - 0.8 27.6 29.6 601 163 1.01 36 1015 182 - - - - - 14.92 278.20 37.70 0.83 Skin buckling, skin crack+ 

150 

0.50 J 614 0.93 Dent - - 0.64 25 26 500 136 0.98 36.2 1032 277 - - - - - 16.76 305.16 37.00 0.99 Skin buckling, skin crack+ 

0.70 J 726 1.05 Dent - - 0.75 28.2 29.6 624 195 1.11 39.9 1252 368 - - - - - 13.14 227.07 36.94 0.70 Skin buckling, skin crack+ 

1.00 J 795 1.30 Dent - - 0.88 29.4 30.7 696 283 1.27 44.3 1539 502 - - - - - 16.34 293.09 37.16 0.96 Skin buckling, skin crack+ 

Quasi-static 

20 

100 N 100 - Dent 0.58 0.06 0.15 14.20 14.85 165.00 9.50 0.34 22.00 380.00 22.50 0.22 14.30 14.80 163.00 11.00 9.39 162.89 30.55 0.60 Skin debonding- 

125 N 126 - Dent 0.75 0.07 0.22 15.85 16.55 203.50 17.00 0.39 24.60 474.50 32.50 0.28 16.00 16.40 204.00 16.00 11.99 208.14 31.59 0.76 Skin buckling- 

150 N 151 - Dent 0.90 0.08 0.29 19.40 20.85 301.50 30.00 0.44 26.95 571.00 44.50 0.34 17.70 18.40 249.00 23.00 12.34 214.24 31.89 0.79 Skin buckling- 

1 mm 291 - Dent 1.00 0.16 0.34 16.1 17.4 203 25 0.51 21.7 371 34 0.51 16.1 16.4 204 26 14.60 262.47 37.39 0.81 Skin buckling, skin crack+ 

1.50 mm 516 - Dent 1.47 0.14 0.58 22.15 23.95 388.50 77.75 0.75 28.88 654.75 89.00 1.05 23.80 24.20 438.00 69.00 15.74 290.74 38.83 0.89 Skin crack+ 

2.00 mm 689 - Dent 1.98 0.20 2.26 24.90 27.40 500.50 275.50 0.91 33.30 872.00 142.00 1.53 35.00 35.90 970.00 132.00 12.26 220.45 37.55 0.71 Skin buckling, skin crack+ 

150 

1.00 mm 648 - Dent 1.02 0.11 0.72 27.7 28.8 613 174 0.79 30.9 748 173 - - - - - 20.25 384.70 41.33 1.14 Skin buckling, skin crack+ 

1.50 mm 1028 - Dent 1.50 0.17 1.01 33.1 34.7 892 368 1.09 39.3 1213 352 - - - - - 18.30 347.50 40.00 1.04 Skin crack- 

2.00 mm 1304 - Dent 1.99 0.23 1.25 38.9 40.7 1184 636 1.28 44.5 1554 509 - - - - - 17.27 327.97 39.78 1.34 Skin buckling, skin crack+ 

Undamaged Undamaged - - - - - - - - - - - - - - - - - - - - - 12.46 223.95 37.15 0.65 Skin buckling, skin crack+ 

6.4 

Impact 

20 
0.39 J 1177 0.86 Dent - - 0.75 34.70 36.20 967.00 258.00 0.90 45.70 1637.00 255.00 - - - - - 9.60 175.68 39.03 0.53 Skin buckling+ 

0.49 J 2028 0.94 Dent - - 0.82 36.45 38.15 1074.50 323.50 0.99 48.80 1868.00 317.00 - - - - - 11.40 208.71 35.17 0.62 Skin buckling+ 

150 
0.37 J 410 0.78 Dent - - 0.79 35.4 37 989 333 0.95 49.7 1943 393 - - - - - 11.53 218.92 39.95 0.62 Skin buckling, skin crack- 

0.70 J 583 1.07 Dent - - 1.05 43 44.2 1444 638 1.21 59.8 2812 708 - - - - - 8.68 164.87 39.58 0.53 Skin debonding- 

Quasi-static 
20 

1.00 mm 187 - Dent 0.99 0.06 0.32 18.70 20.05 280.50 33.50 0.51 29.95 704.50 62.50 0.51 17.50 18.10 242.00 56.00 10.74 193.07 37.69 0.58 Skin buckling, skin crack- 

1.50 mm 282 - Dent 1.48 0.10 0.55 24.80 26.10 494.50 103.50 0.67 36.65 1054.50 122.50 0.82 25.80 26.90 525.00 166.00 9.44 169.76 36.92 0.51 Skin debonding- 

2.00 mm 414 - Dent 1.98 0.12 0.76 31.4 34.5 788 233 0.87 44.3 1541 230 1.51 32.8 33.5 849 330 10.30 185.16 38.28 0.55 Skin buckling- 

150 2.00 mm 617 - Dent - - 0.99 40.6 42 1294 566 1.06 54.2 2311 518 - - - - - 11.11 211.06 39.21 0.62 Global buckling+ 

Undamaged Undamaged - - - - - - - 0.51 24.5 25.1 469 95 - - - - - - - - - 10.51 202.89 39.13 0.57 Skin buckling, debonding+ 

[90/0] 

3.2 

Impact 

20 

0.31 J 466 0.80 Dent - - 0.68 19 21 286 72 0.8 27.5 594 86 0.8 15.2 15.3 183 112 12.01 355.68 14.14 0.73 Skin crack- 

0.50 J 606 1.01 Dent - - 0.82 21.6 23.4 388 115 0.96 31.6 782 136 1.26 23 23 418 353 11.82 350.05 59.21 0.72 Skin buckling, skin crack+ 

0.70 J 727 1.20 Dent - - 1.02 25.5 28.4 504 193 1.1 34.8 951 188 1.26 23 23 418 353 12.22 361.69 1.10 0.68 Skin buckling, skin crack+ 

150 

0.50 J 625 0.91 Dent - - 0.8 25.8 25.9 530 193 1.09 35.2 971 317 1.74 29 29.2 667 713 11.98 354.76 62.28 0.66 Skin buckling, skin crack+ 

0.70 J 731 1.07 Dent - - 0.9 27.6 28.1 593 246 1.23 38.7 1178 418 1.74 29 29.2 667 713 11.00 325.80 58.03 0.65 Skin buckling, skin crack- 

1.00 J 924 1.28 Dent - - 1.08 30.1 31.4 732 362 1.4 42.9 1446 563 - - - - - 11.87 351.46 31.10 0.68 Skin buckling, skin crack- 

Quasi-static 

20 

75 N 76 - Dent 0.53 0.06 0.17 10.75 13.15 97.50 8.50 0.32 19.20 289.00 16.50 - - - - - 6.69 168.44 53.20 0.42 Skin buckling, skin crack- 

100 N 101 - Dent 0.82 0.07 0.31 13.35 16.00 154.50 18.50 0.39 22.10 384.50 26.00 - - - - - 7.95 199.95 43.53 0.52 Skin buckling, skin crack- 

125 N 126 - Dent 0.93 0.07 0.31 14.10 15.70 160.50 19.00 0.45 24.70 480.00 38.00 - - - - - 9.91 249.49 44.72 0.64 Skin buckling, skin crack- 

150 N 150 - Dent - - - - - - - - - - - - - - - - 7.21 181.41 43.02 0.51 Skin buckling, skin crack- 

1 mm 241 - Dent 1.00 0.11 0.37 13.5 15.4 148 20 0.51 19.8 308 29 0.61 12.7 13.2 126 24 12.92 382.20 63.70 0.74 Skin buckling, skin crack- 

1.50 mm 394 - Dent 1.50 0.12 0.62 18.38 20.65 267.50 59.00 0.71 25.28 502.75 65.50 0.94 19.70 22.00 311.00 60.50 10.36 315.94 61.55 0.63 Skin buckling, skin crack+ 

2.00 mm 545 - Dent 2.03 0.19 0.87 21.20 23.65 350.50 117.50 0.89 29.65 692.50 111.50 1.33 34.40 36.00 946.00 143.00 12.42 397.66 66.36 0.71 Skin buckling, skin crack- 

no - 946 - Dent - 1.280 - - - - - - - - - - - - - - 4.77 130.14 40.72 0.47 0 

150 

1 mm 597 - Dent 0.98 0.21 0.72 24.5 25.7 485 146 0.86 29.3 673 189 0.83 23.6 23.9 440 175 9.63 302.91 62.93 0.54 Skin crack- 

1.50 mm 868 - Dent 1.45 0.25 1.08 30.80 31.95 749.50 346.00 1.11 35.65 996.50 328.50 1.30 31.10 32.10 764.00 437.00 11.05 347.62 59.85 0.71 Skin crack- 

2.00 mm 1132 - Dent 1.96 0.39 1.42 35.70 37.50 1058.50 647.50 1.32 40.95 1317.00 491.50 1.78 37.80 40.20 1146.00 829.00 10.67 335.61 62.31 0.69 Skin debonding, skin crack- 

Undamaged Undamaged - - - - - - - - - - - - - - - - - - - - - 10.36 303.77 52.94 0.65 Skin crack+ 

6.4 
Quasi-static 

20 

1.00 mm 131 - Dent 1.00 0.06 0.35 16.40 18.95 223.50 28.50 0.46 25.15 496.00 40.50 0.56 16.50 17.40 217.00 42.00 7.29 203.97 51.02 0.47 Skin buckling, skin crack- 

1.50 mm 207 - Dent 1.49 0.08 0.56 21 22.6 356 66 0.62 31.5 780 85 0.86 22 24.9 378 102 6.95 194.36 49.14 0.45 Skin buckling, skin crack+ 

2.00 mm 293 - Dent 1.99 0.12 0.78 29.50 31.00 684.50 176.50 0.79 37.40 1100.00 150.50 1.20 31.10 39.30 803.00 225.00 7.29 203.89 48.28 0.45 Skin crack+ 

150 

1.00 mm 235 - Dent 1.00 0.10 0.63 27.30 29.30 609.00 139.50 0.62 32.75 844.00 128.00 0.78 24.20 24.60 463.00 181.00 8.30 238.73 54.91 0.50 Skin buckling, skin crack+ 

1.50 mm 391 - Dent 1.55 0.15 0.92 32.9 33.9 866 322 0.88 42.7 1431 289 1.22 34 35.5 917 475 7.39 212.63 49.00 0.45 Skin buckling, skin crack- 

2.00 mm 530 - Dent 2.05 0.21 1.20 39.05 41.10 1221.50 601.00 1.09 49.90 1954.50 470.50 1.67 43.40 46.20 1509.00 926.00 6.49 186.58 50.41 0.41 Skin buckling, skin crack- 

Undamaged Undamaged - - - - - - - - - - - - - - - - - - - - - 8.08 229.42 37.44 0.49 Skin buckling, skin crack+ 


