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Cross-power spectral density modelling for crowd jumping loads

Xiong Jiecheng Chen Jun
(Tongji University, Shanghai 200092, China)

Abstract: Crowd jumping loads are regarded as the joint stationary stochastic process. With the proposed
coherence function and the previous auto-power spectral density (PSD) model for individual jumping load, two
cross-PSD models are respectively established for the case that the jumping persons have same and the case with
different jumping frequency. The synchronous problem in crowd jumping experiment can be overcame by the 3D
motion capture technology. The results were verified to be consistent with those by the force plate method. The
distribution of the jumping frequency and the values of the coherence function parameters are obtained from the
experimental data. Using the cross-PSD model, the auto-PSD and the root mean square value of the structural
acceleration response are calculated by the stochastic vibration theory. The theoretical prediction results agree
well with the measured results of the large-span floor, which demonstrates that the proposed cross-PSD model
and the calculation method are reasonable and can be used to analyze the structural response induced by the
crowd jump loads.
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serviceability; stochastic vibration
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Fig.1 A floor structure subjected to crowd jumping
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Fig.2 Acceleration results obtained by force plates and
markers for one jump
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F1 AUEEEN ()M v,()E
Table 1 Values for raﬂ(j) and "ap(l) between two test subjects
F4nds (Hz) 3.5 3.5 3.5° 1.5' 2.0' 2.0° 2.0° 267" 2.67 2.67°
 12(1) —0.081 —0.184 0.320 0.875 0.869 0.936 0.849 0.809 0.841 0.915
7 12(1) ~0.083 —0.181 0.319 0.873 0.873 0.937 0.852 0.808 0.844 0.914
™ 12(1) —0.583 —0.393 —0.642 0.383 -0.282 -0.259 0.060 0.000 —0.458 -0.273
P 12(1) —0.582 —0.399 ~0.639 0.390 -0.279 -0.259 0.061 0.008 —0.456 -0.273
7 12(2) -0.126 -0.118 ~0.160 0.469 0.554 0.822 0.654 0.565 0.449 0.644
7 12(2) -0.173 -0.158 —0.168 0.525 0.526 0.842 0.676 0.568 0.412 0.622
7 12(2) —0.104 -0.037 ~0.384 0.164 -0.362 -0.334 -0.033 0.020 —0.598 ~0.345
P 12(2) —0.125 —0.063 ~0.406 0.441 —0.422 -0.326 -0.059 -0.036 —0.659 -0.432
7 12(3) —0.354 -0.174 —0.042 0.178 0.159 0.579 0.581 0.360 0.229 0.472
7 12(3) —0.462 0.162 —0.069 0.397 —0.149 0.407 0.336 0.278 -0.116 0.162
W 12(3) —0.164 0.035 -0.333 0.428 —0.389 —0.467 -0.077 0.015 —0.489 ~0.048
7 12(3) ~0.074 0.009 ~0.456 0.414 -0.325 —0.349 -0.125 -0.213 -0.302 -0.319

v 3.5' R 3.5Hz F—RBkER
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Table 2 The PMF of the jumping frequency (x10~*)

B AT 2 T (Hz)
(Hz) 1.5 16 1.7 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
1.30 67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.35 267 66 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.40 67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.45 333 132 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.50 4600 66 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.55 1933 132 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0




5248 410 REZNRRSE « AHRWRIRAT 25 10 B ) S AR A - 89 -
gxR2
Wk A5 At (Hz)
(Hz) 1.5 1.6 1.7 1.8 1.9 20 2.1 22 23 24 25 26 27 28 29 30 3.1 32 33 34 35
1.60 1067 3907 149 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.65 467 2053 299 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.70 267 1258 5821 183 91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.75 67 265 995 0 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.80 133 530 995 5854 091 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.85 200 530 348 1220 183 48 118 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.90 0 397 299 915 7489 242 118 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.95 133 265 149 305 1096 290 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2.00 67 66 249 488 320 7198 59 58 0 0 0 0 0 0 0 0 0 0 0 0 0
2.05 67 66 199 488 183 870 294 174 121 60 0 0 46 0 0 0 0 0 0 0 0
2.10 0 66 100 305 183 386 8000 O 182 60 0 90 0 0 0 0 0 0 0 0 0
2.15 0 0 0 122 183 145 647 523 121 120 0 0 0 0 57 0 0 0 0 0
2.20 0 0 50 0 0 242 59 8314 242 0 0 0 139 0 56 78 0 0 0 0
2.25 0 0 50 0 0 242 294 349 242 180 91 90 46 46 0 0 0 0 0 0
2.30 0 0 50 61 91 97 59 174 8303 120 364 0 0 0 0 0 0 0 0 0 0
2.35 0 0 0 0 0 0 176 58 121 180 273 45 93 46 56 57 0 0 0 0 0
2.40 0 0 0 0 48 59 116 121 8443 091 226 139 92 0 0 0 79 81 0 0
2.45 0 0 50 0 0 97 59 58 242 299 409 271 231 46 112 0 0 0 80 79
2.50 0 0 0 0 0 48 59 0 61 60 8409 90 93 229 112 57 78 79 0 0
2.55 0 0 0 0 46 48 0 116 121 60 182 543 231 92 225 172 78 0 0 0 0
2.60 67 0 0 0 0 0 0 0 61 60 0 8054 185 138 56 115 78 0 0 0 157
2.65 0 0 0 0 0 0 0 58 61 180 182 90 648 46 56 115 0 79 81 0 0
2.70 0 0 0 0 0 0 0 0 0 0 0 181 7639 92 112 115 78 0 81 80 0
2.75 133 0 0 0 0 0 0 0 0 60 0 90 139 596 225 78 0 0 80 0
2.80 0 0 0 0 0 0 0 0 0 60 0 90 46 7844 281 230 0 79 0 0 0
2.85 0 0 0 0 0 0 0 0 0 0 0 90 46 367 506 172 156 79 81 0 0
2.90 0 0 0 0 0 0 0 0 0 0 0 0 139 92 7135 115 78 157 81 0 157
2.95 0 132 0 0 0 0 0 0 0 60 0 45 0 46 393 517 78 157 81 240 0
3.00 67 66 0 0 0 0 0 0 0 0 0 0 46 92 281 7011 156 157 81 80 0
3.05 0 0 0 0 0 0 0 0 0 0 0 0 46 0 112 230 156 157 0 80 157
3.10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 172 7344 79 81 0 79
3.15 0 0 0 0 0 0 0 0 0 0 0 0 46 46 0 115 391 472 163 160 0
3.20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 172 234 7244 163 240 157
3.25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 169 287 313 79 894 240 236
3.30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 234 157 6992 80 39%4
3.35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 57 78 79 81 320 79
3.40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 551 325 7440 157
3.45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 57 78 236 163 160 709
3.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 57 0 0 244 80 6614
3.55 0 0 50 0 0 0 0 0 0 0 0 0 0 46 56 0 156 79 0 240 236
3.60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 81 0 79
3.65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 56 0 78 0 81 80 315
3.70 0 0 0 0 0 0 0 0 0 0 0 0 0 46 0 115 0 0 163 320 394
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Table 3 Parameter values for the cross-PSD model of
crowd jumping loads

Fjump

rap(1)  vap(Dl rap(2)  vapD] [pap(D] 170p(2)]
(Hz)

1.5 0.131 0.618 0.114 0.245 0.175  0.628 0.301
1.6 0.084 0.615 0.082 0.166 0.176  0.620 0.242
1.7 0.098  0.695 0.104 0.283  0.160  0.702 0.325
1.8 0.084 0.624 0.103 0.268 0.158  0.632 0.311
1.9 0.069 0.722 0.070 0.358 0.129  0.725 0.381
2.0 0.071  0.760 0.060 0.387 0.122  0.762 0.405
2.1 0.059 0.784 0.051 0.429 0.106  0.785 0.442
2.2 0.054  0.796 0.051 0.451 0.104  0.798 0.463
2.3 0.057 0.783 0.054 0.437 0.102  0.785 0.449
2.4 0.053  0.794 0.051 0.441 0.098  0.795 0.452
2.5 0.042  0.807 0.049 0.501 0.087  0.809 0.509
2.6 0.053  0.728 0.085 0.387 0.125  0.733 0.407
2.7 0.054 0.718 0.072 0.386  0.106  0.722 0.401
2.8 0.053  0.711 0.096 0.356 0.124  0.718 0.377
2.9 0.047 0.723 0.081 0.352  0.112  0.727 0.369
3.0 0.049  0.740 0.059 0.374 0.107  0.743 0.389
3.1 0.045  0.720 0.058 0.352  0.106  0.722 0.368
3.2 0.042  0.758 0.057 0.401 0.115 0.760 0.417
33 0.042  0.687 0.068 0.323  0.121 0.691 0.345
3.4 0.037 0.701 0.076 0.317 0.127  0.705 0.342
3.5 0.041  0.661 0.069 0.262 0.137  0.665 0.296
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Table 4 The structural modal properties

%k 1 2 3 4 5 6 7 8 9
PRSI R
2.256 2.666 3.011 3.801 4.220 4.621 4.793 4.797 4.932
(Hz)
WS i
7.425 9.069 7.429 8.115 5.325 5.649 4.504 5.514 4.355
(10°kg)
BHJE I 0.03 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
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Fig. 9 Comparison of measured and simulation a,
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