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HDˆ

k (6.1)

HDˆ 2 k

(6.2)
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D 1



1.27

2.57  
(12) D

e 39N/mm2

Miner

D 0

 

U Zk

(m/s)
T k

(s)
q Zk

(kN/m2)
F R D D g D G D

HD,k

(kN/m2)
HD,k

(N/mm2)
k

(N/mm2)
N f n k D k

53 6.0E+02 1.713 1.4E-03 0.225 89.59 4.791 2.544 9220 14.24 28.48 8.7E+07 1.3E+05 1.4E-03
52 0.0E+00 1.649 1.4E-03 0.222 89.13 4.790 2.542 8875 13.69 27.37 9.7E+07 0.0E+00 0.0E+00
51 0.0E+00 1.587 1.4E-03 0.219 88.66 4.789 2.540 8537 13.15 26.30 1.1E+08 0.0E+00 0.0E+00
50 1.2E+03 1.525 1.4E-03 0.216 88.18 4.788 2.538 8206 12.62 25.24 1.2E+08 2.5E+05 2.0E-03
49 0.0E+00 1.465 1.4E-03 0.213 87.69 4.787 2.536 7881 12.10 24.20 1.4E+08 0.0E+00 0.0E+00
48 6.0E+02 1.405 1.3E-03 0.210 87.19 4.785 2.533 7562 11.60 23.19 1.6E+08 1.3E+05 7.8E-04
47 1.8E+03 1.347 1.3E-03 0.207 86.69 4.784 2.531 7250 11.10 22.20 1.8E+08 3.8E+05 2.1E-03
46 1.8E+03 1.291 1.3E-03 0.204 86.17 4.783 2.529 6945 10.62 21.24 2.1E+08 3.8E+05 1.8E-03
45 1.8E+03 1.235 1.3E-03 0.201 85.65 4.782 2.527 6647 10.15 20.29 2.4E+08 3.8E+05 1.6E-03
44 3.0E+03 1.181 1.3E-03 0.198 85.12 4.780 2.524 6354 9.69 19.37 2.8E+08 6.3E+05 2.3E-03
43 3.0E+03 1.128 1.2E-03 0.195 84.57 4.779 2.522 6069 9.24 18.47 3.2E+08 6.3E+05 2.0E-03
42 5.4E+03 1.076 1.2E-03 0.192 84.02 4.778 2.520 5790 8.80 17.60 3.7E+08 1.1E+06 3.1E-03
41 7.2E+03 1.025 1.2E-03 0.189 83.46 4.776 2.517 5517 8.37 16.74 4.3E+08 1.5E+06 3.5E-03
40 9.0E+03 0.976 1.2E-03 0.186 82.88 4.775 2.515 5252 7.95 15.91 5.0E+08 1.9E+06 3.8E-03
39 1.3E+04 0.928 1.2E-03 0.183 82.29 4.773 2.512 4992 7.55 15.10 5.8E+08 2.6E+06 4.5E-03
38 1.7E+04 0.881 1.1E-03 0.180 81.69 4.772 2.510 4740 7.16 14.31 6.8E+08 3.5E+06 5.2E-03
37 2.5E+04 0.835 1.1E-03 0.177 81.08 4.770 2.507 4493 6.77 13.55 8.0E+08 5.1E+06 6.4E-03
36 3.4E+04 0.791 1.1E-03 0.174 80.45 4.768 2.505 4254 6.40 12.80 9.5E+08 7.0E+06 7.4E-03
35 4.6E+04 0.747 1.1E-03 0.170 79.81 4.767 2.502 4021 6.04 12.08 1.1E+09 9.5E+06 8.4E-03
34 6.5E+04 0.705 1.1E-03 0.167 79.15 4.765 2.499 3794 5.69 11.38 1.4E+09 1.4E+07 1.0E-02
33 7.7E+04 0.664 1.0E-03 0.164 78.48 4.763 2.497 3574 5.35 10.70 1.6E+09 1.6E+07 9.8E-03
32 1.1E+05 0.625 1.0E-03 0.160 77.79 4.761 2.494 3361 5.02 10.04 2.0E+09 2.2E+07 1.1E-02
31 1.3E+05 0.586 1.0E-03 0.157 77.08 4.760 2.491 3154 4.70 9.41 2.4E+09 2.8E+07 1.2E-02
30 1.7E+05 0.549 9.8E-04 0.154 76.35 4.758 2.489 2954 4.40 8.79 2.9E+09 3.5E+07 1.2E-02
29 2.0E+05 0.513 9.6E-04 0.150 75.61 4.755 2.486 2760 4.10 8.20 3.6E+09 4.2E+07 1.2E-02
28 2.4E+05 0.478 9.3E-04 0.147 74.84 4.753 2.483 2573 3.82 7.63 4.5E+09 4.9E+07 1.1E-02
27 2.7E+05 0.445 9.1E-04 0.143 74.05 4.751 2.480 2393 3.54 7.08 5.6E+09 5.6E+07 1.0E-02
26 3.0E+05 0.412 8.9E-04 0.140 73.24 4.749 2.477 2219 3.28 6.55 7.1E+09 6.2E+07 8.7E-03
25 3.2E+05 0.381 8.7E-04 0.136 72.41 4.746 2.474 2051 3.02 6.05 9.0E+09 6.6E+07 7.3E-03
24 3.4E+05 0.351 8.4E-04 0.132 71.54 4.744 2.471 1891 2.78 5.56 1.2E+10 7.0E+07 6.0E-03
23 3.5E+05 0.323 8.2E-04 0.129 70.65 4.741 2.467 1736 2.55 5.10 1.5E+10 7.4E+07 4.9E-03
22 3.7E+05 0.295 8.0E-04 0.125 69.73 4.738 2.464 1589 2.33 4.65 2.0E+10 7.8E+07 3.9E-03
21 4.0E+05 0.269 7.7E-04 0.121 68.77 4.736 2.461 1447 2.11 4.23 2.6E+10 8.4E+07 3.2E-03
20 4.5E+05 0.244 7.5E-04 0.117 67.78 4.732 2.457 1313 1.91 3.83 3.6E+10 9.4E+07 2.6E-03
19 5.6E+05 0.220 7.2E-04 0.113 66.75 4.729 2.454 1185 1.72 3.44 4.9E+10 1.2E+08 2.4E-03
18 8.2E+05 0.198 7.0E-04 0.109 65.67 4.726 2.450 1063 1.54 3.08 6.8E+10 1.7E+08 2.5E-03
17 1.4E+06 0.176 6.7E-04 0.105 64.55 4.722 2.446 949 1.37 2.74 9.7E+10 2.9E+08 3.0E-03
16 2.7E+06 0.156 6.4E-04 0.101 63.38 4.718 2.442 840 1.21 2.42 1.4E+11 5.6E+08 4.0E-03
15 5.3E+06 0.137 6.2E-04 0.097 62.15 4.714 2.438 739 1.06 2.12 2.1E+11 1.1E+09 5.3E-03
14 1.0E+07 0.120 5.9E-04 0.092 60.86 4.710 2.434 643 0.92 1.84 3.2E+11 2.2E+09 6.8E-03
13 2.0E+07 0.103 5.6E-04 0.088 59.50 4.705 2.430 555 0.79 1.59 5.0E+11 4.1E+09 8.2E-03
12 3.6E+07 0.088 5.3E-04 0.083 58.05 4.700 2.425 473 0.67 1.35 8.2E+11 7.5E+09 9.1E-03
11 6.2E+07 0.074 5.0E-04 0.079 56.52 4.694 2.420 397 0.56 1.13 1.4E+12 1.3E+10 9.2E-03
10 1.0E+08 0.061 4.7E-04 0.074 54.87 4.688 2.415 328 0.46 0.93 2.5E+12 2.1E+10 8.4E-03
9 1.5E+08 0.049 4.4E-04 0.069 53.10 4.681 2.410 266 0.37 0.75 4.7E+12 3.2E+10 6.8E-03
8 2.2E+08 0.039 4.1E-04 0.064 51.18 4.673 2.404 210 0.29 0.59 9.7E+12 4.6E+10 4.7E-03
7 3.0E+08 0.030 3.7E-04 0.058 49.08 4.664 2.398 161 0.22 0.45 2.2E+13 6.2E+10 2.8E-03
6 3.7E+08 0.022 3.3E-04 0.053 46.75 4.653 2.391 118 0.16 0.33 5.6E+13 7.8E+10 1.4E-03
5 4.3E+08 0.015 3.0E-04 0.047 44.12 4.641 2.383 82 0.11 0.23 1.7E+14 9.0E+10 5.3E-04
4 4.5E+08 0.010 2.6E-04 0.040 41.08 4.626 2.374 53 0.07 0.14 6.7E+14 9.5E+10 1.4E-04
3 4.3E+08 0.005 2.1E-04 0.033 37.45 4.605 2.364 30 0.04 0.08 3.8E+15 8.9E+10 2.3E-05
2 3.4E+08 0.002 1.6E-04 0.025 32.84 4.577 2.350 13 0.02 0.04 4.5E+16 7.1E+10 1.6E-06
1 1.9E+08 0.001 1.0E-04 0.016 26.19 4.527 2.329 3 0.00 0.01 3.0E+18 4.0E+10 1.3E-08

D k 2.55E-01

^

 

 



U Zk

(m/s)
T k

(s)
q Zk

(kN/m2)
F R D D g D G D

HD,k

(kN/m2)
HD,k

(N/mm2)
k

(N/mm2)
N f n k D k

53 6.0E+02 1.713 1.7E-03 0.264 75.03 4.754 2.557 3102 4.83 9.66 2.2E+09 9.9E+04 4.4E-05
52 0.0E+00 1.649 1.7E-03 0.261 74.65 4.753 2.554 2986 4.64 9.28 2.5E+09 0.0E+00 0.0E+00
51 0.0E+00 1.587 1.6E-03 0.257 74.27 4.752 2.552 2872 4.46 8.92 2.8E+09 0.0E+00 0.0E+00
50 1.2E+03 1.525 1.6E-03 0.254 73.88 4.751 2.550 2761 4.28 8.56 3.2E+09 2.0E+05 6.2E-05
49 0.0E+00 1.465 1.6E-03 0.250 73.48 4.749 2.547 2651 4.10 8.20 3.6E+09 0.0E+00 0.0E+00
48 6.0E+02 1.405 1.6E-03 0.247 73.08 4.748 2.545 2544 3.93 7.86 4.1E+09 9.9E+04 2.4E-05
47 1.8E+03 1.347 1.6E-03 0.244 72.67 4.747 2.542 2439 3.76 7.52 4.7E+09 3.0E+05 6.3E-05
46 1.8E+03 1.291 1.5E-03 0.240 72.25 4.746 2.540 2337 3.60 7.19 5.4E+09 3.0E+05 5.5E-05
45 1.8E+03 1.235 1.5E-03 0.237 71.83 4.745 2.537 2236 3.44 6.87 6.2E+09 3.0E+05 4.8E-05
44 3.0E+03 1.181 1.5E-03 0.233 71.39 4.743 2.534 2138 3.28 6.56 7.1E+09 4.9E+05 7.0E-05
43 3.0E+03 1.128 1.5E-03 0.230 70.95 4.742 2.532 2042 3.13 6.25 8.2E+09 4.9E+05 6.0E-05
42 5.4E+03 1.076 1.4E-03 0.226 70.50 4.741 2.529 1948 2.98 5.96 9.5E+09 8.9E+05 9.4E-05
41 7.2E+03 1.025 1.4E-03 0.222 70.03 4.739 2.526 1856 2.83 5.67 1.1E+10 1.2E+06 1.1E-04
40 9.0E+03 0.976 1.4E-03 0.219 69.56 4.738 2.524 1767 2.69 5.38 1.3E+10 1.5E+06 1.2E-04
39 1.3E+04 0.928 1.4E-03 0.215 69.08 4.736 2.521 1680 2.55 5.11 1.5E+10 2.1E+06 1.4E-04
38 1.7E+04 0.881 1.3E-03 0.211 68.59 4.735 2.518 1595 2.42 4.84 1.8E+10 2.8E+06 1.6E-04
37 2.5E+04 0.835 1.3E-03 0.208 68.09 4.733 2.515 1512 2.29 4.58 2.1E+10 4.0E+06 1.9E-04
36 3.4E+04 0.791 1.3E-03 0.204 67.58 4.732 2.512 1431 2.16 4.33 2.5E+10 5.5E+06 2.2E-04
35 4.6E+04 0.747 1.3E-03 0.200 67.05 4.730 2.509 1353 2.04 4.08 2.9E+10 7.5E+06 2.5E-04
34 6.5E+04 0.705 1.2E-03 0.196 66.51 4.728 2.507 1276 1.92 3.85 3.5E+10 1.1E+07 3.1E-04
33 7.7E+04 0.664 1.2E-03 0.192 65.96 4.727 2.504 1203 1.81 3.62 4.2E+10 1.3E+07 3.0E-04
32 1.1E+05 0.625 1.2E-03 0.189 65.39 4.725 2.500 1131 1.70 3.39 5.1E+10 1.7E+07 3.4E-04
31 1.3E+05 0.586 1.2E-03 0.185 64.81 4.723 2.497 1061 1.59 3.18 6.2E+10 2.2E+07 3.5E-04
30 1.7E+05 0.549 1.1E-03 0.181 64.22 4.721 2.494 994 1.48 2.97 7.6E+10 2.8E+07 3.6E-04
29 2.0E+05 0.513 1.1E-03 0.177 63.60 4.719 2.491 929 1.38 2.77 9.4E+10 3.3E+07 3.5E-04
28 2.4E+05 0.478 1.1E-03 0.172 62.97 4.717 2.488 866 1.29 2.58 1.2E+11 3.9E+07 3.3E-04
27 2.7E+05 0.445 1.1E-03 0.168 62.33 4.715 2.484 805 1.19 2.39 1.5E+11 4.4E+07 3.0E-04
26 3.0E+05 0.412 1.0E-03 0.164 61.66 4.712 2.481 746 1.11 2.21 1.9E+11 4.8E+07 2.6E-04
25 3.2E+05 0.381 1.0E-03 0.160 60.97 4.710 2.478 690 1.02 2.04 2.4E+11 5.2E+07 2.2E-04
24 3.4E+05 0.351 9.9E-04 0.156 60.25 4.708 2.474 636 0.94 1.88 3.0E+11 5.5E+07 1.8E-04
23 3.5E+05 0.323 9.6E-04 0.151 59.52 4.705 2.471 584 0.86 1.72 3.9E+11 5.8E+07 1.5E-04
22 3.7E+05 0.295 9.3E-04 0.147 58.76 4.702 2.467 534 0.78 1.57 5.2E+11 6.1E+07 1.2E-04
21 4.0E+05 0.269 9.1E-04 0.142 57.96 4.699 2.463 487 0.71 1.42 6.9E+11 6.6E+07 9.5E-05
20 4.5E+05 0.244 8.8E-04 0.138 57.14 4.696 2.459 442 0.64 1.29 9.3E+11 7.4E+07 7.9E-05
19 5.6E+05 0.220 8.5E-04 0.133 56.29 4.693 2.455 399 0.58 1.16 1.3E+12 9.3E+07 7.2E-05
18 8.2E+05 0.198 8.2E-04 0.128 55.40 4.690 2.451 358 0.52 1.04 1.8E+12 1.4E+08 7.6E-05
17 1.4E+06 0.176 7.9E-04 0.124 54.47 4.686 2.447 319 0.46 0.92 2.5E+12 2.3E+08 9.1E-05
16 2.7E+06 0.156 7.6E-04 0.119 53.50 4.682 2.443 283 0.41 0.82 3.7E+12 4.4E+08 1.2E-04
15 5.3E+06 0.137 7.2E-04 0.114 52.48 4.678 2.438 248 0.36 0.71 5.5E+12 8.7E+08 1.6E-04
14 1.0E+07 0.120 6.9E-04 0.109 51.40 4.674 2.433 216 0.31 0.62 8.4E+12 1.7E+09 2.0E-04
13 2.0E+07 0.103 6.6E-04 0.103 50.27 4.669 2.429 187 0.27 0.53 1.3E+13 3.2E+09 2.4E-04
12 3.6E+07 0.088 6.2E-04 0.098 49.06 4.664 2.424 159 0.23 0.45 2.2E+13 5.9E+09 2.7E-04
11 6.2E+07 0.074 5.9E-04 0.093 47.78 4.658 2.418 134 0.19 0.38 3.7E+13 1.0E+10 2.8E-04
10 1.0E+08 0.061 5.5E-04 0.087 46.41 4.652 2.413 110 0.16 0.31 6.6E+13 1.6E+10 2.5E-04
9 1.5E+08 0.049 5.2E-04 0.081 44.93 4.645 2.407 89 0.13 0.25 1.3E+14 2.5E+10 2.0E-04
8 2.2E+08 0.039 4.8E-04 0.075 43.32 4.637 2.400 71 0.10 0.20 2.6E+14 3.6E+10 1.4E-04
7 3.0E+08 0.030 4.4E-04 0.068 41.56 4.628 2.393 54 0.08 0.15 5.8E+14 4.9E+10 8.4E-05
6 3.7E+08 0.022 3.9E-04 0.062 39.60 4.618 2.386 40 0.06 0.11 1.5E+15 6.1E+10 4.1E-05
5 4.3E+08 0.015 3.5E-04 0.055 37.39 4.605 2.378 28 0.04 0.08 4.5E+15 7.1E+10 1.6E-05
4 4.5E+08 0.010 3.0E-04 0.047 34.83 4.590 2.368 18 0.02 0.05 1.8E+16 7.5E+10 4.2E-06
3 4.3E+08 0.005 2.5E-04 0.039 31.77 4.570 2.357 10 0.01 0.03 1.0E+17 7.0E+10 6.9E-07
2 3.4E+08 0.002 1.9E-04 0.030 27.88 4.541 2.342 4 0.01 0.01 1.2E+18 5.5E+10 4.6E-08
1 1.9E+08 0.001 1.2E-04 0.019 22.25 4.491 2.320 1 0.00 0.00 8.1E+19 3.2E+10 3.9E-10

D k 7.70E-03
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a (kg/m3)
(t/m3)

D (m)
t (m)
l (m)

A p (m2)
M (t)
k f 1.0000 0.5517
f L (Hz) 209.22 164.19

H (kN/m2) 4.440E+08 1.140E+08

f (N/mm2)

e (N/mm2)
m S

l /D

U Z, r =max (m/s)
U r min (m/s) 66.5 52.2
U r max (m/s) 95.8 75.2

T r (min) 0.0 10.0

51.03
U r

* 5.06
Y L (m) 0.00171

(kN/m2) 1.954E+05
(N/mm2) 195.4

n r 98514.2

r (N/mm2) 390.7
N f 43589.1

D 2.3

1.22

0.0763

H L

1.5

D

100
0
3

7.850

0.0032

7.349E-04
8.653E-03

19.7
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