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Influence of Attached Mass/Masses on Natural Frequency
of Vibration of Laminated Composite Plate
for Bridge Deck

Do-Sik Sim" - Se-Jin Lee™ - Kyung-Jin Kim™ - Je-Sun Park™

ABSTRACT

A method of calculating the natural frequency corresponding to the first mode of
vibration of beams and tower structures with irregular cross-sections and with
arbitrary boundary conditions was developed and reported by D. H. Kim in 1974. In
order to obtain the natural frequency by the presented method, the first step to take
is to obtain the deflection influence surfaces. In design and analysis of any
structure, the first step to be taken is to obtain this deflection influence surfaces.
Any meéthod can be used for this purpose. Then using this surfaces, deflections,
slopes, moments, shears, and natural frequencies can be obtained by differentiating
either the continuous function or discrete function defined at certain points. The
merit of the presented method is that the natural frequency can be obtained by the
deflection influence surfaces obtaining which is the first step in structural analysis.
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Figure 1. Boundary Condition of
Plate(c=a/b=1)
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Figure 2. Location of Concentrated Mass, (i)

Tablel. @ = @ ,,,u V ¢ k at the Center
Point with Attached Mass/Masses

(Aspect ratio 1:1)

" N Case A | Case B | B/A
0 1439.022
1 722502 | 659.052 | 09122
3 417.137 | 404.090 | 0.9687
5 323.113 | 316.967 | 0.9810
7 273.080 | 269.349 | 0.9863
10 228475 | 226.280 | 0.9904
15 186.549 | 185.350 | 0.9936
20 161.556 | 160.776 | 0.9952

(Aspect ratio 1:2)

. @ Case A | Case B | B/A
0 398.2901
1 360.047 | 272.028 | 0.7555
3 207873 | 186525 | 0.8973
5 161.018 | 150562 | 0.9351
7 136.085 | 129.626 | 0.9525
10 113.857 | 110.007 { 0.9662
15 92.963 90.839 | 0.9772
20 80.509 79.119 | 0.9827

- 126 -

(Aspect ratio 1:3)

Case A | Case B B/A
n
0 187.8315
1 218670 | 143.6%9 | 0.6571
3 126.249 | 105552 | 0.8361
5 97792 | 87.236 | 0.8921
7 82649 | 75998 | 0.9195
10 69.149 65.122 0.9418
15 56.460 | 54.208 | 0.9601
20 48.896 47413 0.9697
(Aspect ratio 1:4)
¢ Case A | Case B| B/A
n
0 110.6975
1 150.568 | 89.659 | 0.5955
3 86.930 | 68.742 | 0.7908
5 67.336 | 57.789 | 0.8582
7 56.909 50.804 | 0.8927
10 47.614 43871 | 09214
15 38.876 | 36.762 | 0.9456
20 33668 | 32.268 | 0.9584
(Aspect ratio 1:5)
. ¢ Case A | Case B | B/A
0 73.6756
1 111.660 | 61.724 | 0.5528
3 64.467 487725 | 0.7558
5 49.936 | 41.492 | 0.8309
7 42203 | 36.740 | 0.8706
10 35.310 | 31.926 | 0.9042
15 28.830 26.901 0.9331
20 24.968 23.684 | 0.9486
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Table 2. Deflection of Each Point

(simple)

(simple)

(free)
4N 4N
\ \
4N 4N
\ \
(free)

Figure 3. Location of Concentrated Mass

(UNIT : 1076 m)
: Il 2 3 4 5 6 7 8 9 10 n
1 | 0000 | -0790 | -2.236 | -3.607 | -4559 | -4.907 | 4588 | -3658 | -2.286 | -0.813 | 0.000
9 1 0000 | -2669 | -5.119 | -7.135 | -8.403 | -8.768 | -8.211 | -6.826 | ~4.821 | -2.495 | 0.000
3 | 0000 | -4.191 | -7.841 |-10586 |-12.259 |-12.675 |-11.817 | -9.820 | -7.001 | -3.642 | 0.000
4 | 0000 | -5501 | -9.885 |-13.173 |-15.275 |-15.900 |-14.617 |-12.006 | -8.495 | -4.392 | 0.000
5 | 0000 | -5.663 |-1056 |-14.187 |-16.361 |-16.838 |-15.609 |-12.858 | -9.074 | -4.680 | 0.000
6 | 0000 | -5552 | -9.989 |-13333 |-15.482 |-16.128 |-14.831 |-12.178 | -8611 | -4.450 | 0.000
7 | 0000 | -4329 | -8.124 |-10.996 |-12.747 |-13.192 |-12.316 |-10.248 | -7.302 | -3.791 | 0.000
8 | 0000 | -3065 | -5805 | -7.974 | -9.279 | ~9.647 | -9.082 | -7.658 | 5520 | -2.885 | 0.000
9 | 0000 |-1955 | -3711 | -5.095 | -5.971 | -6.254 | -5.925 | -5.026 | -3.648 | ~1.917 | 0.000
10 | 0000 | —0982 | -1.873 | -25592 | -3.063 | -3.231 | -3.075 | -2.611 | -1.890 | -0.993 | 0.000
11 | 0000 | <0071 | ~0204 | -0338 | -0.440 | -0.489 | -0.471 | -0.386 | -0.245 | -0.088 | 0.000
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Table 3. Vx of Each Point

(UNIT : N)

II 1 2 3 4 5 6 7 8 9 10 11

1 |-16.882 | -7.819 [2468.882|3273.890|3583.177|3392.083[2746.729|1784.668|4089.654 |2599.263|1042.518

2 | ~4.959 | -7.979 [5179.189|6128.229|6452.347{6086.071 |5104.047|3659.150{7611.555 |5404.118|2796.194

3 | -8.410 |129.113 [7972.202|9323.378|9708.896|9146.5677702.565|5583.134]11163.63(7930.724|4088.481

4 0.491|139.565 |9992.306|11577.75|12030.54|11255.78 |9452.144 |6737.408|13625.10 |9598.608 4928.771
.5 |-11.713 |135.258 |10617.7312358.11(12796.70(11982.74]10007.78|7186.166|14573.07|10257.83|5251.987

6 0.498{107.668 {10056.19|11659.20(12118.67|11335.11(9513.544|6773.037|13780.67 [9710.180|4993.803

7 | -8992 | 80.241 |8180.555|9568.348|9966.467|9388.0707901.477|5716.915/11571.79|8234.396|4259.098

8 | -7.072 | 44.749 |5896.127|6937.706|7276.172|6895.071 |[5859.980|4281.465|8618.4796214.643|3246.816

9 | -4.027 (113.386 |3934.610|4681.050|4961.467|4754.587 |4088.9773030.4565803.649|4180.653[2157.721

10 | -1.853 | 71.643 |2028.467|2434.330|2601.962(2510.091 |2168.104|1613.333|3045.125|2185.0921116.726

11 | -1.453 | 35.722 | 302.465| 412.484| 469.839| 466.859| 402.684| 289.000| 501.434| 316.314| 113.676
Table 4. M, of Each Point

(UNIT : N« m)
JI 1 2 3 4 5 6 7 8 9 10 11

1 {0411 [-0635 | -0519 | -0.486 | -0.344 | -0.284 | ~0.431 | -0.785 | -1.103 | -1.150 | 0.414

2 1~0.138 |-11.137 |-17.149 |-21.121 |-23.068 [-23.179 |-21.724 |-18933 |-15.043 | -9.951 | -0.105

3 |-0.339 | -9.246 |-16.500 |-20.877 |-23.359 |-23.667 |-21.823 |-18.044 |~13.102 | -6.894 | -0.177

4 1-0700 | -8371 |-12.654 |~15.886 |-18.586 |-20.077 |-17.225 |-13.359 | -9.113 | -4.571 | -0.181

5 |-0479 | -1425 | -4.753 | -6.851 | -7.417 | -6.561 | -6.761 | -5.640 | -3.771 | -1.864 | -0.179

6 |-0699 | -0.050 | 2661 | 4252 | 4199 | 2940 | 3700 | 3408 | 2336 | 1.162 | -0.181

7 1-0335 | 6821 | 10.336 | 12977 | 15.192 | 16.355 | 13.976 | 10.750 | 7.306 | 3.683 | -0.175

8 1-0191 | 7211 | 13.078 | 17.161 | 19716 | 20.169 | 18.397 | 14715 | 10.122 | 5.145 | -0.157

9 [-0.124 | 6374 | 12.139 | 16534 | 18995 | 19.480 | 18.121 | 15.103 | 10.740 | 5550 | -0.117

10 |-0.057 | 5637 | 10655 | 14.497 | 16.835 | 17.495 | 16.491 | 13.978 | 10.176 | 5352 | -0.060

11 | 0040 | 0219 | 0498 | 0709 | 0803 | 0.782 | 0679 | 0521 | 0317 | 0.101 0.043
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