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Abstract

It is very important for academic interests and in practical engineering problems to identify
the dynamic characteristics of a structure from its measured dynamic responses. The identified
modal parameters are needed in establishing an active control system for the structure. These
identified results can be applied to recheck the correctness of the finite element model developed
in a design stage, and, furthermore, to assess the health of the structure. In the last two decades,
wavelet transform has become a popular mathematical tool in many fields. Wavelet transform
has shown its advantages over the Fourier transform in signal processing.

The main purpose of this work is to extend the application of the wavelet transform to the
field of system identification. This work develops a new procedure of identifying the modal
parameters of a structure via the continuous wavelet transform. The wavelet transform is applied
to measured dynamic responses of a structure, and established the discrete linear equations of
motion among the measured degrees of freedom. Then, the dynamic characteristics of the
structure are identified from the coefficients in the discrete equations of motion. The proposed
procedure is first applied to processing the numerically simulated earthquake responses of a
six-story shear building to assure the correctness of the procedure. The effects of several factors,
such as noise and the selection of the wavelet functions (i.e. Harr function and Meyer function)
and their scale parameters, on the ability of the proposed approach to determine accurately the
dynamic characteristics are also investigated. The feasibility of the proposed procedure to
elucidate real structures is demonstrated through processing the measured responses of two
3-story steel frames through shaking table tests and the free vibration responses of a three-span

continuous arch bridge.

Key words: continuous wavelet transform, linear system, earthquake responses, system
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% 4.1 BE A2 2% S8k

FEHE F(Hz) | 0.679 2.18 3.48 6.00 6.20 7.08
FE R (%) 5.00 5.00 5.00 5.00 5.00 5.00
1.000 1.000 -0.902 -0.120 0.118 -0.040
0.920 0.173 1.000 0.632 -0.669 0.307
Wi 0.863 -0.185 0.924 -0.550 0.691 -0.552
0.723 -0.696 -0.423 -0.401 0.110 1.000
0.643 -0.765 -0.783 0.383 -0.364 -0.779
0.057 -0.077 -0.102 1.000 1.000 0.198

42




%42 41* a=09 #7189 % %

Nature frequency(Hz)

Damping ratio

MAC

0.679 2.18 3.48 6.00 6.20
0.690 2.18 3.48 6.00 6.20
0.676 2.18 3.48 6.00 6.20
0.653 2.18 3.48 6.00 6.20

0.671 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

5.00% 4.98% 4.99% 5.00% 5.00% 4.99%
4.89% 4.99% 5.00% 5.00% 4.99% 4.99%
5.02% 5.00% 5.00% 5.00% 5.00% 5.00%
5.69% 4.98% 5.03% 4.99% 5.02% 5.00%
5.12% 4.98% 5.00% 5.00% 5.01% 5.00%

1.00
1.00
1.00
1.00

1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

1.00
1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00

1.00

10
11

0.678 2.18 3.48 6.00 6.20
0.687 2.18 3.48 6.00 6.20
0.680 2.17 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.677 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

5.03% 4.99% 5.00% 5.01% 5.00% 5.00%
5.03% 4.97% 5.00% 5.00% 5.00% 5.01%
5.14% 4.90% 4.88% 5.07% 4.94% 5.00%
5.00% 5.05% 4.99% 4.99% 4.98% 5.02%
5.13% 5.04% 5.01% 5.01% 5.01% 5.00%

1.00
1.00
1.00
1.00
1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

12
13
14
15
16

0.684 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20

0.682 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

5.11% 5.10% 5.01% 5.00% 5.00% 4.99%
5.06% 5.04% 5.00% 4.98% 5.00% 5.01%
5.31% 5.00% 4.99% 4.99% 4.99% 5.00%
4.82% 4.99% 4.99% 4.99% 5.05% 5.00%
5.09% 5.68% 5.01% 5.00% 5.00% 5.00%

1.00
1.00
1.00
1.00

1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

1.00
1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00

1.00

%4341 a=0.22 T &%

Nature frequency(Hz)

Damping ratio

MAC

0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

5.01% 5.00% 5.00% 5.00% 4.99% 5.00%
5.01% 5.00% 5.00% 5.00% 4.99% 5.00%
5.02% 4.99% 5.00% 5.00% 5.00% 5.00%
4.97% 5.00% 5.00% 5.00% 5.00% 5.00%
4.99% 5.01% 5.00% 5.00% 5.00% 5.00%

1.00
1.00
1.00
1.00
1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

10
11

0.680 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20
0.676 2.18 3.48 6.00 6.20
0.677 2.18 3.48 6.00 6.20
0.675 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

4.87% 5.08% 5.00% 5.00% 5.00% 4.99%
4.99% 4.99% 5.00% 5.00% 5.00% 4.99%
5.07% 5.02% 5.00% 5.00% 5.01% 4.99%
5.07% 4.99% 5.00% 5.00% 5.00% 4.99%
5.07% 4.97% 5.00% 5.01% 5.01% 4.98%

1.00
1.00
1.00
1.00

1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

1.00
1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00

1.00

12
13
14
15
16

0.677 2.18 3.48 6.00 6.20
0.678 2.18 3.48 6.00 6.20
0.677 2.18 3.48 6.00 6.20
0.684 2.17 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

4.99% 5.00% 5.00% 5.00% 5.00% 5.01%
5.01% 4.98% 5.01% 5.00% 5.01% 4.99%
4.87% 5.08% 5.00% 5.00% 5.00% 4.98%
5.03% 4.69% 5.15% 4.98% 5.02% 5.00%
4.97% 5.01% 4.99% 5.00% 5.00% 5.01%

1.00
1.00
1.00
1.00
1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
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% 4.4 41" a=0.08 #7i7 &%

Nature frequency(Hz)

Damping ratio

MAC

0.680 2.18 3.48 6.00 6.20
0.678 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20

0.680 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

4.87% 5.01% 5.00% 5.00% 5.00% 5.00%
5.01% 5.01% 5.00% 5.00% 5.00% 5.00%
4.87% 5.00% 5.00% 5.00% 5.00% 5.00%
4.98% 5.00% 5.00% 5.00% 5.00% 5.00%
4.98% 5.00% 5.00% 5.00% 5.00% 5.00%

1.00
1.00
1.00
1.00

1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

1.00
1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00

1.00

10
11

0.680 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

5.00% 5.00% 5.00% 5.00% 5.00% 5.00%
5.09% 5.00% 5.00% 5.00% 5.00% 5.00%
5.05% 5.00% 5.00% 5.00% 5.00% 5.00%
5.03% 5.00% 5.00% 5.00% 5.00% 5.00%
5.21% 5.00% 5.00% 5.00% 5.00% 5.00%

1.00
1.00
1.00
1.00
1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

12
13
14
15
16

0.679 2.18 3.48 6.00 6.20
0.681 2.18 3.48 6.00 6.20
0.682 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

5.09% 5.00% 5.00% 5.00% 5.00% 5.00%
4.61% 5.01% 5.00% 5.00% 5.00% 5.00%
5.15% 4.98% 5.00% 4.99% 5.00% 5.00%
5.03% 5.01% 5.00% 5.00% 5.00% 5.00%
4.99% 5.00% 5.00% 5.00% 5.00% 5.00%

1.00
1.00
1.00
1.00

1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

1.00
1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00

1.00

% 45

F1* a=0.08 ~ a=0.22 2 2 a=0.9 #7i¥ %

.
2

5

i

Nature frequency(Hz)

Damping ratio

MAC

0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.649 2.18 3.48 6.00 6.20
0.680 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

4.99% 5.00% 5.00% 5.00% 5.00% 5.00%
5.02% 5.02% 5.00% 5.01% 5.00% 5.00%
5.00% 5.00% 5.00% 5.00% 5.00% 5.00%
4.51% 4.99% 5.00% 5.00% 5.00% 5.00%
5.00% 5.00% 5.00% 5.00% 5.00% 5.00%

1.00
1.00
1.00
1.00
1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

10
11

0.682 2.18 3.48 6.00 6.20
0.682 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.676 2.18 3.48 6.00 6.20
0.677 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

5.04% 5.24% 5.00% 5.00% 4.99% 5.00%
4.93% 5.06% 5.00% 5.00% 5.00% 5.00%
5.01% 5.00% 5.00% 5.00% 5.00% 5.00%
5.06% 5.02% 5.00% 5.00% 5.00% 5.00%
5.01% 5.00% 4.99% 5.00% 5.00% 5.01%

1.00
1.00
1.00
1.00

1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

1.00
1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00

1.00

12
13
14
15
16

0.679 2.18 3.48 6.00 6.20
0.679 2.18 3.48 6.00 6.20
0.681 2.18 3.48 6.00 6.20
0.678 2.18 3.48 6.00 6.20
0.672 2.18 3.48 6.00 6.20

7.08
7.08
7.08
7.08
7.08

4.99% 5.00% 5.00% 5.00% 5.00% 5.00%
5.02% 5.03% 5.00% 5.01% 4.99% 5.00%
4.97% 5.00% 5.00% 5.00% 5.00% 5.00%
4.98% 5.00% 5.01% 5.00% 5.00% 5.00%
5.01% 4.99% 5.01% 4.99% 5.00% 5.00%

1.00
1.00
1.00
1.00
1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
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7 4.6 1 ELY & 7 10%E: 0 > I * a=0.9 T B %
Nature frequency(Hz) Damping ratio MAC
2 0.691 \ \ \ \ \ 7.62% \ \ \ \ \ 1.00 \ \ \ \ \
3 0.678 2.23 \ \ \ \ 5.16%  9.21% \ \ \ \ 1.00 0.97 \ \ \ \
4 0.675 221 3.50 \ \ \ 4.49%  8.00%  9.99% \ \ \ 1.00 0.99 1.00 \ \ \
5 0.677 221 3.49 \ \ \ 4.61% 6.87%  8.48% \ \ \ 1.00 0.99 1.00 \ \ \
6 0.680 221 3.49 \ \ \ 4.83% 631% 7.66% \ \ \ 1.00 0.99 0.99 \ \ \
7 0.682 221 3.48 \ \ \ 498% 588% 6.77% \ \ \ 1.00 0.99 0.99 \ \ \
8 0.682 2.20 3.47 \ \ \ 501% 5.62%  6.43% \ \ \ 1.00 0.99 0.99 \ \ \
9 0.682 2.20 3.47 \ \ \ 5.01% 5.56%  6.43% \ \ \ 1.00 1.00 0.99 \ \ \
10 0.683 2.20 3.47 \ \ \ 5.06%  522%  5.83% \ \ \ 1.00 1.00 0.99 \ \ \
11 | 0.682 2.19 3.45 \ \ \ 4.98%  557%  5.65% \ \ \ 1.00 1.00 1.00 \ \ \
12 0.683 2.19 3.45 \ \ \ 5.02%  537%  5.72% \ \ \ 1.00 1.00 1.00 \ \ \
13 | 0.684 2.19 3.45 \ \ \ 5.05%  5.13%  5.62% \ \ \ 1.00 1.00 0.99 \ \ \
14 0.683 2.19 3.44 \ \ 7.19 5.02%  5.05%  5.49% \ \ 9.46% 1.00 1.00 1.00 \ \ 0.93
15 0.683 2.20 3.44 \ \ 7.20 5.05% 4.93%  5.52% \ \ 8.66% 1.00 1.00 0.99 \ \ 0.96
16 0.683 2.19 3.43 \ \ 7.15 5.01% 5.04%  5.49% \ \ 7.59% 1.00 1.00 1.00 \ \ 0.97
17 0.682 2.19 3.44 \ \ 7.16 497%  5.10%  5.53% \ \ 7.21% 1.00 1.00 1.00 \ \ 0.98
18 | 0.682 2.19 3.43 6.07 6.21 7.14 4.94%  5.04% 554% 7.44%  7.60%  6.63% 1.00 1.00 1.00 0.97 0.75 0.99
19 | 0.682 2.19 3.43 6.05 6.21 7.15 4.96% 5.08% 551% 7.55%  7.13%  6.48% 1.00 1.00 1.00 0.98 0.93 0.99
20 0.682 2.19 3.44 6.04 6.21 7.10 4.96% 5.04% 547% 742% 6.90%  6.74% 1.00 1.00 1.00 0.98 0.93 0.99
21 0.682 2.19 3.45 6.04 6.19 7.11 4.96% 4.94% 549% 7.70% 6.58%  6.74% 1.00 1.00 1.00 0.99 0.93 0.99
UV
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2 47 B ¢ 3 10%sRI > JIF a=0.22 7iF %
Nature frequency(Hz) Damping ratio MAC

2 \ 2.18 3.51 \ \ \ \ 6.74%  8.23% \ \ \ \ 1.00 1.00 \ \ \

3 \ 2.17 3.50 6.07 \ 6.07 \ 5.80%  7.23%  5.58% \ 5.58% \ 0.99 1.00 0.85 \ 0.00
4 \ 2.17 3.49 6.07 \ 6.07 \ 541%  6.56%  5.68% \ 5.68% \ 0.99 1.00 0.93 \ 0.00
5 \ 2.18 3.49 6.09 \ 6.09 \ 523% 593%  6.33% \ 7.81% \ 1.00 1.00 0.99 \ 0.01
6 \ 2.18 3.49 6.04 6.14 6.14 \ 520% 5.79%  6.76%  6.93%  6.93% \ 1.00 1.00 0.99 0.92 0.04
7 \ 2.18 3.48 5.98 6.17 6.17 \ 5.13%  5.55% 6.87%  6.03%  6.03% \ 1.00 1.00 0.99 0.94 0.02
8 0.605 2.18 3.48 5.96 6.18 6.18 14.69% 5.12%  537% 6.41% 5.78%  5.78% 1.00 1.00 1.00 0.99 0.94 0.02
9 0.616 2.18 3.48 5.95 6.18 6.18 11.95% 5.05% 531% 6.38% 5.74%  5.74% 1.00 1.00 1.00 0.98 0.93 0.02
10 0.625 2.18 3.48 5.93 6.19 6.19 11.30% 4.97%  5.15% 6.27%  5.52%  5.52% 1.00 1.00 1.00 0.98 0.92 0.01
11 | 0.622 2.18 3.48 5.95 6.19 6.19 | 11.48% 4.96% 5.10% 6.64% 5.73%  5.73% 1.00 1.00 1.00 0.99 0.94 0.02
12 0.630 2.18 3.48 5.95 6.19 6.19 10.73% 4.93%  5.03% 6.72%  5.86%  5.86% 1.00 1.00 1.00 0.98 0.93 0.02
13 | 0.636 2.18 3.48 5.95 6.18 6.18 9.76%  4.92% 4.96% 6.74%  5.92%  5.92% 1.00 1.00 1.00 0.98 0.93 0.02
14 0.635 2.18 3.48 5.97 6.20 6.20 9.29% 4.95% 4.95% 6.59% 6.11% 6.11% 1.00 1.00 1.00 0.99 0.95 0.02
15 0.641 2.18 3.48 5.96 6.19 6.19 8.52%  4.94% 496% 6.72%  599%  5.99% 1.00 1.00 1.00 0.98 0.94 0.02
16 0.645 2.18 3.48 5.96 6.19 6.19 6.30% 4.93% 4.99% 634% 6.05%  6.05% 1.00 1.00 1.00 0.99 0.94 0.02
17 0.650 2.18 3.48 5.96 6.21 6.21 521% 494% 4.99%  6.16%  6.06%  6.06% 1.00 1.00 1.00 0.99 0.95 0.02
18 | 0.652 2.18 3.48 5.95 6.20 6.20 490% 4.94% 498% 6.12% 598%  5.98% 1.00 1.00 1.00 0.99 0.94 0.02
19 | 0.654 2.18 3.48 5.95 6.20 6.20 3.75% 4.96% 4.98% 591% 6.04%  6.04% 1.00 1.00 1.00 0.99 0.94 0.02
20 0.658 2.18 3.48 5.95 6.19 6.19 3.72%  4.96% 4.96% 5.89%  6.08%  6.08% 1.00 1.00 1.00 0.99 0.94 0.02
21 0.658 2.18 3.48 5.95 6.20 6.20 3.40% 497% 4.94%  5.65% 6.12%  6.12% 1.00 1.00 1.00 0.99 0.95 0.02
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% 4.8 mELY & 7 10%wE3L > J1* a=0.08 #1774

it

Nature frequency(Hz) Damping ratio
6 2.16 3.58 6.06 6.20 7.20 13.13% 12.76% 5.77%  6.28%  6.87% 1.00 0.99 0.99 0.85 0.99
7 2.16 3.56 6.05 6.21 7.17 11.16% 10.40% 5.67%  5.95%  6.14% 0.99 0.99 1.00 0.88 0.99
8 2.17 3.54 6.03 6.20 7.14 991% 9.29% 545% 5.58%  5.66% 0.99 1.00 1.00 0.95 0.99
9 2.17 3.53 6.02 6.21 7.14 8.67%  837%  526% 539% 5.33% 0.99 1.00 1.00 0.99 1.00
10 2.17 3.52 6.01 6.21 7.12 777%  1.88%  5.05% 531% 5.07% 0.99 1.00 1.00 1.00 1.00
11 2.18 3.52 6.00 6.22 7.12 7.56%  7.61% 497% 5.15% 4.82% 0.99 1.00 1.00 1.00 0.99
12 2.20 3.58 6.02 6.24 7.15 10.47% 9.46%  5.06%  5.33%  5.02% 0.99 1.00 0.99 1.00 0.99
13 2.21 3.60 6.01 6.25 7.18 11.12% 9.38%  4.98%  527%  4.82% 0.99 0.99 0.98 1.00 0.98
14 2.18 3.53 5.99 6.23 7.14 8.16%  7.29%  5.02% 5.15% 4.96% 0.99 1.00 0.99 1.00 0.98
15 2.17 3.51 6.01 6.21 7.14 6.87%  6.718%  5.01% 5.44%  5.05% 0.98 1.00 1.00 1.00 0.99
16 2.16 3.50 6.02 6.21 7.12 6.30%  6.38% 4.92% 5.51%  5.06% 0.98 1.00 1.00 1.00 0.99
17 2.16 3.49 6.01 6.20 7.11 6.13%  6.05% 491% 549% 521% 0.98 1.00 1.00 1.00 1.00
18 2.16 3.49 6.01 6.20 7.10 5.89% 5.81% 4.93% 528% 5.28% 0.99 1.00 1.00 1.00 1.00
19 2.17 3.49 6.00 6.20 7.10 576%  5.73% 493% 523% 5.32% 0.99 1.00 1.00 1.00 1.00
20 2.17 3.48 6.00 6.20 7.09 5.61% 5.61% 4.95% 5.13%  5.32% 1.00 1.00 1.00 1.00 1.00
21 2.17 3.49 6.00 6.20 7.08 5.55% 538% 4.99% 5.05% 531% 1.00 1.00 1.00 1.00 1.00
22 2.17 3.48 5.99 6.20 7.08 541%  529%  5.02% 5.05% 5.31% 1.00 1.00 1.00 1.00 1.00
23 2.17 3.48 5.99 6.20 7.07 527%  5.11% 5.01% 5.01% 531% 1.00 1.00 1.00 1.00 1.00
24 2.17 3.49 5.99 6.20 7.08 544%  520% 5.01% 5.05% 5.12% 1.00 1.00 1.00 1.00 1.00
25 2.17 3.49 5.99 6.20 7.09 558%  5.13% 5.11%  4.95%  4.94% 1.00 1.00 1.00 1.00 1.00
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%49 5 ¢ 7 10%sE3t > f1* a=0.08 ~ a=0.22 1 2 a=0.9 #7{F %%
Nature frequency(Hz) Damping ratio MAC
11 0.669 2.19 3.51 6.02 6.22 7.16 7.33% 5.38% 6.60% 6.41% 6.19% 8.65% 1.00 1.00 1.00 1.00 0.99 0.98
12 0.673 2.19 3.50 5.99 6.22 7.14 8.00% 5.22% 6.56% 6.51% 5.66% 8.36% 1.00 1.00 1.00 0.99 0.96 0.98
13 0.673 2.19 3.50 5.98 6.20 7.09 6.46% 5.01% 5.77% 6.56% 5.72% 8.69% 1.00 1.00 1.00 1.00 0.97 0.98
14 0.671 2.18 3.50 5.98 6.19 7.09 5.17% 5.00% 5.65% 6.54% 5.99% 9.03% 1.00 1.00 1.00 0.99 0.97 0.97
15 0.672 2.18 3.50 5.98 6.20 7.12 4.90% 4.97% 5.55% 6.48% 6.09% 9.14% 1.00 1.00 1.00 0.99 0.97 0.98
16 0.674 2.18 3.50 6.00 6.18 7.14 4.99% 4.86% 5.49% 6.70% 6.07% 9.53% 1.00 1.00 1.00 0.98 0.97 0.99
17 0.674 2.18 3.49 6.01 6.19 7.15 4.87% 4.83% 5.47% 6.74% 6.17% 9.43% 1.00 1.00 1.00 0.99 0.97 0.99
18 0.674 2.19 3.49 6.00 6.20 7.17 4.89% 4.73% 5.47% 6.57% 6.08% 8.20% 1.00 1.00 1.00 0.99 0.96 0.99
19 0.675 2.18 3.49 5.99 6.20 7.19 4.95% 4.73% 5.41% 6.40% 5.81% 7.58% 1.00 1.00 1.00 1.00 0.97 0.99
20 0.676 2.18 3.49 6.00 6.21 7.18 5.01% 4.76% 5.45% 6.50% 5.89% 7.67% 1.00 1.00 1.00 1.00 0.97 0.99
21 0.676 2.18 3.49 6.00 6.21 7.20 4.88% 4.77% 5.50% 6.33% 5.85% 7.28% 1.00 1.00 1.00 1.00 0.97 0.99
22 0.676 2.18 3.49 5.99 6.21 7.15 4.64% 4.82% 5.44% 5.95% 5.58% 6.40% 1.00 1.00 1.00 1.00 1.00 0.99
23 0.676 2.18 3.49 5.99 6.21 7.12 4.82% 4.83% 5.33% 5.83% 5.41% 5.81% 1.00 1.00 1.00 1.00 1.00 0.99
24 0.676 2.18 3.49 5.98 6.21 7.12 4.76% 4.78% 5.36% 5.66% 5.32% 5.53% 1.00 1.00 1.00 1.00 1.00 0.99
25 0.677 2.18 3.49 5.99 6.22 7.13 4.69% 4.81% 5.29% 5.60% 5.33% 5.57% 1.00 1.00 1.00 0.99 1.00 0.99
26 0.676 2.18 3.49 5.98 6.21 7.12 4.54% 4.86% 5.27% 5.50% 5.26% 5.40% 1.00 1.00 1.00 1.00 0.99 0.99
27 0.677 2.18 3.49 5.98 6.20 7.11 4.64% 4.89% 5.21% 5.42% 5.26% 5.36% 1.00 1.00 1.00 1.00 0.99 0.99
28 0.677 2.18 3.49 5.97 6.20 7.10 4.70% 4.92% 5.17% 5.43% 5.24% 5.39% 1.00 1.00 1.00 1.00 0.99 0.99
29 0.678 2.18 3.49 5.97 6.20 7.10 4.71% 4.94% 5.14% 5.43% 5.31% 5.50% 1.00 1.00 1.00 1.00 0.99 0.99
30 0.678 2.18 3.49 5.96 6.20 7.09 4.72% 4.95% 5.14% 5.32% 5.27% 5.41% 1.00 1.00 1.00 1.00 0.98 0.99
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# 4.10 1 ELY 2 7 20%wk 0t > f1* a=0.9 7 iF %
Nature frequency(Hz) Damping ratio MAC
2 0.671 \ \ 6.12 \ \ 2.30% \ \ 4.69% \ \ 1.00 \ \ 0.65 \ \
3 0.682 \ \ 6.09 \ \ 3.45% \ \ 5.62% \ \ 1.00 \ \ 0.61 \ \
4 0.676 \ \ 6.08 \ \ 2.63% \ \ 6.52% \ \ 1.00 \ \ 0.71 \ \
5 0.678 \ 3.47 6.08 \ \ 3.27% \ 13.28%  6.40% \ \ 1.00 \ 0.97 0.58 \ \
6 0.674 \ 3.47 6.06 \ \ 2.82% \ 1436%  6.76% \ \ 1.00 \ 0.96 0.73 \ \
7 0.683 \ 3.46 6.06 \ \ 4.19% \ 927%  6.25% \ \ 1.00 \ 0.98 0.60 \ \
8 0.681 \ 3.45 6.06 \ \ 3.88% \ 10.17%  6.29% \ \ 1.00 \ 0.98 0.74 \ \
9 0.686 2.27 3.45 6.06 \ \ 4.66% 10.17% 7.74%  591% \ \ 1.00 0.90 0.98 0.60 \ \
10 0.684 2.29 3.46 6.05 \ \ 4.42% 1220% 837%  5.83% \ \ 1.00 0.89 0.98 0.60 \ \
11 | 0.685 227 3.44 6.06 \ \ 4.58% 10.74% 7.66%  5.72% \ \ 1.00 0.92 0.98 0.61 \ \
12 0.686 2.26 3.45 6.05 \ \ 4.66% 10.52% 7.79%  5.67% \ \ 1.00 0.96 0.98 0.78 \ \
13 | 0.686 2.24 3.43 6.05 \ \ 4.72%  8.72%  7.26%  5.35% \ \ 1.00 0.97 0.99 0.79 \ \
14 0.686 2.24 3.43 6.05 \ \ 4.76%  8.16%  6.99%  5.36% \ \ 1.00 0.97 0.99 0.80 \ \
15 0.685 2.23 3.42 6.05 \ \ 481%  7.26%  6.70%  5.33% \ \ 1.00 0.98 0.99 0.80 \ \
16 0.684 2.25 3.43 6.04 6.56 \ 4.72%  7.45%  6.60%  5.28% 13.72% \ 1.00 0.98 0.99 0.83 0.71 \
17 0.684 2.25 3.42 6.05 6.49 \ 4.74%  7.12%  6.57%  530% 13.31% \ 1.00 0.98 0.99 0.85 0.71 \
18 | 0.683 2.23 3.42 6.04 6.47 \ 4.72%  7.05% 6.38%  5.18% 12.08% \ 1.00 0.98 0.99 0.86 0.81 \
19 | 0.683 222 3.42 6.04 6.36 \ 470% 6.87%  6.36% 5.12% 11.05% \ 1.00 0.99 1.00 0.89 0.81 \
20 0.682 2.22 3.43 6.04 6.40 \ 4.73%  6.71%  6.45% 521% 11.27% \ 1.00 0.99 1.00 0.89 0.73 \
21 0.682 2.21 3.44 6.05 6.33 6.97 4.72%  6.57%  6.57%  5.17% 11.58% 13.69% 1.00 0.99 1.00 0.91 0.69 0.67
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Z 411 3ELP & 7 20%+ kvt 5 )% a=0.2 5
Nature frequency(Hz) Damping ratio MAC
6 \ 2.18 3.51 6.05 6.16 \ \ 6.86% 9.94%  7.20% 8.43% \ 0.99 1.00 0.98 0.94
7 \ 2.18 3.51 5.99 6.17 \ \ 6.19%  8.65% 7.64%  7.31% \ 1.00 1.00 0.98 0.95
8 \ 2.19 3.50 5.94 6.18 \ \ 594%  7.74%  7.12%  6.84% \ 1.00 1.00 0.96 0.95
9 \ 2.18 3.49 5.92 6.18 \ \ 5.68%  7.44%  6.85%  6.82% \ 1.00 1.00 0.95 0.94
10 \ 2.18 3.49 591 6.16 \ \ 548% 691%  7.06%  6.89% \ 1.00 1.00 0.92 0.94
11 \ 2.18 3.49 5.89 6.16 \ \ 529%  6.60% 7.10%  6.60% \ 1.00 1.00 0.91 0.94
12 \ 2.18 3.49 5.89 6.15 \ \ 5.19% 6.23% 6.77%  6.40% \ 1.00 1.00 0.89 0.92
13 \ 2.18 3.49 5.92 6.15 \ \ 5.15% 6.03% 6.57%  6.47% \ 1.00 1.00 0.91 0.94
14 \ 2.18 3.49 5.92 6.15 \ \ 5.16% 5.78%  6.76%  6.64% \ 1.00 1.00 0.90 0.94
15 \ 2.18 3.49 5.93 6.16 \ \ 5.08%  5.68%  6.60%  6.68% \ 1.00 1.00 0.94 0.95
16 \ 2.18 3.49 5.93 6.15 \ \ 5.07%  5.55%  6.64%  6.65% \ 1.00 1.00 0.92 0.95
17 | 0.598 2.18 3.48 5.94 6.16 \ 11.74% 5.06% 5.44% 643% 6.75% 1.00 1.00 1.00 0.95 0.96
18 0.605 2.18 3.48 5.95 6.16 \ 10.01% 5.03% 535% 6.23% 6.65% 1.00 1.00 1.00 0.95 0.97
19 0.618 2.18 3.48 5.95 6.16 \ 538% 5.00% 529% 6.08%  6.57% 1.00 1.00 1.00 0.96 0.97
20 0.624 2.18 3.48 5.93 6.18 \ 2.50% 5.00% 535% 5.77%  6.15% 1.00 1.00 1.00 0.98 0.96
21 0.629 2.18 3.48 5.92 6.17 \ 234% 5.02% 531% 594% 6.12% 1.00 1.00 1.00 0.97 0.95
22 | 0.631 2.18 3.49 591 6.17 \ 232%  5.02% 528%  6.03%  6.15% 1.00 1.00 1.00 0.97 0.95
23 | 0.632 2.18 3.48 591 6.16 \ 1.86%  5.02%  5.15% 5.85%  6.22% 1.00 1.00 1.00 0.96 0.95
24 0.629 2.18 3.48 591 6.16 \ 3.68%  5.02% 5.05% 5.74%  6.39% 1.00 1.00 1.00 0.96 0.95
25 0.624 2.18 3.48 5.94 6.17 \ 524%  5.00% 4.98% 5.76%  6.38% 1.00 1.00 1.00 0.96 0.97
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#4121 LY ¢ 7 20%wE3 > I a=0.08 “7iF %
Nature frequency(Hz) Damping ratio MAC
14 \ \ 6.09 6.36 7.45 \ \ \ 529%  9.66%  7.80% \ \ \ 0.89 0.74 0.96
15 \ \ 6.10 6.42 7.54 \ \ \ 525% 10.11% 8.46% \ \ \ 0.87 0.74 0.96
16 \ \ 6.10 6.47 7.56 \ \ \ 526% 10.03% 8.45% \ \ \ 0.87 0.73 0.97
17 \ \ 6.07 6.33 7.30 \ \ \ 514%  7.86%  6.87% \ \ \ 0.94 0.92 0.97
18 \ \ 6.07 6.30 7.26 \ \ \ 523%  7.58%  6.68% \ \ \ 0.96 0.88 0.98
19 2.16 \ 6.08 6.25 7.21 \ 14.74% \ 524% 6.96%  6.07% \ 0.99 \ 0.99 0.85 0.99
20 2.18 \ 6.06 6.22 7.16 \ 11.26% \ 524% 597%  5.27% \ 0.99 \ 1.00 0.92 0.99
21 2.17 \ 6.08 6.20 7.17 \ 12.06% \ 531%  6.06%  5.39% \ 0.99 \ 0.99 0.83 0.99
22 2.18 \ 6.05 6.21 7.17 \ 13.04% \ 526% 597%  5.41% \ 0.99 \ 0.99 0.93 0.98
23 2.19 \ 6.05 6.24 7.18 \ 13.20% \ 517%  5.86%  5.48% \ 0.99 \ 0.99 0.96 0.97
24 2.20 3.67 6.04 6.24 7.17 \ 13.16% 14.93% 5.16% 576%  5.42% \ 0.99 0.99 0.99 0.97 0.97
25 2.18 3.57 6.01 6.22 7.12 \ 9.94% 11.59% 5.04% 535% 5.36% \ 0.99 0.99 1.00 1.00 0.97
26 2.18 3.56 6.01 6.21 7.11 \ 8.87% 10.00% 4.95% 5.40% 5.51% \ 0.99 1.00 1.00 1.00 0.98
27 2.17 3.54 6.00 6.20 7.07 \ 748%  827%  4.83% 538%  5.44% \ 0.99 1.00 1.00 0.99 0.98
28 2.17 3.54 6.00 6.21 7.08 \ 7.51%  8.17%  4.86%  5.52%  5.67% \ 0.98 1.00 1.00 0.99 0.98
29 2.17 3.54 6.00 6.21 7.11 \ 7.59%  847% 4.84% 5.41% 5.63% \ 0.99 1.00 1.00 0.99 0.98
30 2.16 3.53 5.99 6.21 7.11 \ 7.43%  8.09%  4.88% 529% 5.61% \ 0.99 1.00 1.00 0.99 0.98
31 2.16 3.52 5.99 6.21 7.12 \ 7.09%  7.69%  4.96% 534% 5.34% \ 0.99 1.00 1.00 0.99 0.98
32 2.16 3.52 6.00 6.21 7.13 \ 6.87%  7.18%  4.90% 529% 5.17% \ 0.99 1.00 1.00 0.99 0.98
33 2.17 3.51 5.99 6.20 7.13 \ 6.11%  6.52% 4.94% 524%  5.65% \ 0.99 1.00 1.00 0.99 0.98
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7 413 5 ¢ 7 20%wE3 0t > f1* a=0.08 ~ a=0.22 1 2 a=0.9 #7{F F %
Nature frequency(Hz) Damping ratio MAC
46 | 0.678 2.18 3.48 597 6.21 7.09 4.24% 520% 536% 4.70% 5.44%  5.94% 1.00 1.00 1.00 1.00 0.97 0.97
47 0.678 2.18 3.48 5.97 6.21 7.09 424% 5.17% 535% 4.68% 541%  6.05% 1.00 1.00 1.00 1.00 0.97 0.96
48 0.678 2.18 3.48 5.97 6.21 7.10 423% 523% 531% 4.67% 543% 5.82% 1.00 1.00 1.00 1.00 0.96 0.95
49 | 0.679 2.18 3.48 597 6.21 7.11 4.28%  5.14%  525% 4.54%  5.45%  5.83% 1.00 1.00 1.00 1.00 0.95 0.95
50 | 0.679 2.18 3.48 5.96 6.20 7.14 435% 5.14%  520% 4.45% 547%  5.97% 1.00 1.00 1.00 1.00 0.94 0.94
51 0.679 2.18 3.48 5.96 6.20 7.14 433% 522% 5.18%  4.48% 5.41% 5.89% 1.00 1.00 1.00 1.00 0.94 0.95
52 0.679 2.18 3.48 5.96 6.20 7.18 434%  520% 5.09% 4.51% 542%  5.94% 1.00 1.00 1.00 1.00 0.95 0.95
53 0.679 2.18 3.48 5.96 6.20 7.20 441%  527%  5.13% 4.40% 535%  6.03% 1.00 1.00 1.00 1.00 0.93 0.94
54 0.680 2.18 3.48 5.96 6.20 7.20 4.40% 532% 5.11% 4.55% 5.40%  5.99% 1.00 1.00 1.00 1.00 0.95 0.96
55 | 0.680 2.18 3.48 5.95 6.20 7.19 446% 531% 5.08% 4.56% 525%  6.05% 1.00 1.00 1.00 0.99 0.95 0.97
56 0.680 2.18 3.48 5.95 6.21 7.17 4.45%  523% 5.00% 4.62% 5.17%  5.53% 1.00 1.00 1.00 0.99 0.96 0.97
57 | 0.680 2.18 3.48 5.94 6.21 7.15 447%  5.14%  5.09% 4.76% 524%  5.56% 1.00 1.00 1.00 0.99 0.96 0.98
58 0.680 2.18 3.48 5.94 6.21 7.14 449%  5.18%  5.11% 4.70% 520%  5.48% 1.00 1.00 1.00 0.99 0.96 0.97
59 0.679 2.18 3.48 5.95 6.21 7.14 4.43%  5.12% 5.14% 4.88% 538%  5.50% 1.00 1.00 1.00 0.99 0.97 0.97
60 0.680 2.18 3.49 5.95 6.22 7.15 4.45%  5.19%  5.12% 4.92%  535%  5.23% 1.00 1.00 1.00 0.99 0.98 0.97
61 0.680 2.18 3.48 5.95 6.22 7.15 448%  520% 5.06% 5.01% 537%  5.00% 1.00 1.00 1.00 0.99 0.98 0.98
62 | 0.680 2.18 3.48 5.95 6.23 7.15 4.50%  5.15% 5.03% 4.99%  523%  4.80% 1.00 1.00 1.00 0.99 0.98 0.98
63 | 0.681 2.18 3.48 5.95 6.22 7.15 4.53% 5.04% 5.02% 497% 5.16%  4.70% 1.00 1.00 1.00 0.99 0.99 0.98
64 0.680 2.18 3.48 5.95 6.21 7.16 451% 5.03% 5.02% 4.93% 5.18%  5.00% 1.00 1.00 1.00 0.99 0.99 0.97
65 0.681 2.18 3.48 5.95 6.21 7.17 4.55% 5.04% 499% 5.10% 5.16%  4.99% 1.00 1.00 1.00 0.99 0.99 0.98
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Nature frequency(Hz) Damping ratio MAC
3 \ 2.19 3.47 6.09 6.49 7.28 \ 7.66%  7.10%  5.19%  6.23% 4.42% \ 1.00 1.00 0.84 0.88 0.93
4 \ 2.18 3.47 6.09 6.48 7.30 \ 6.13%  6.02% 5.28% 5.61% 4.02% \ 1.00 1.00 0.82 0.85 0.93
5 0.736 2.18 3.48 6.10 \ 7.33 9.66%  5.51% 5.71%  5.30% \ 4.26% 1.00 1.00 1.00 0.85 \ 0.94
6 0.730 2.18 3.48 6.12 \ 7.37 7.33%  526% 5.56% @ 5.20% \ 4.64% 1.00 1.00 1.00 0.85 \ 0.96
7 0.720 2.18 3.48 6.12 6.65 7.42 6.44%  5.08%  5.44% 5.10%  7.68%  5.22% 1.00 1.00 1.00 0.60 0.90 0.96
8 0.709 2.18 3.48 6.13 6.67 7.46 6.08%  5.00%  5.35% 5.06% 7.65%  5.59% 1.00 1.00 1.00 0.59 0.90 0.95
9 0.699 2.18 3.48 6.12 6.58 7.48 6.07%  4.95% 531% 5.00% 8.22%  5.66% 1.00 1.00 1.00 0.88 0.91 0.95
10 0.693 2.18 3.47 6.11 6.48 7.44 5.86% 4.89% 5.26% 5.03% 8.11%  6.05% 1.00 1.00 1.00 0.91 0.89 0.94
11 0.687 2.18 3.47 6.10 6.40 7.38 551% 487% 523% 5.10% 7.85%  6.14% 1.00 1.00 1.00 0.93 0.86 0.95
12 | 0.686 2.18 3.47 6.07 6.33 7.28 536%  4.85%  523% 5.06% 7.17%  6.04% 1.00 1.00 1.00 0.96 0.91 0.96
13 0.684 2.18 3.48 6.06 6.29 7.20 5.14% 4.86% 5.19%  5.02% 6.32% 5.83% 1.00 1.00 1.00 0.98 0.95 0.97
14 | 0.682 2.18 3.48 6.04 6.27 7.16 515%  4.87%  5.18% 4.94% 5.88% 5.33% 1.00 1.00 1.00 0.98 0.98 0.97
15 0.682 2.18 3.48 6.02 6.26 7.14 5.14% 4.88% 5.16% 4.70%  5.60%  5.11% 1.00 1.00 1.00 0.98 0.99 0.96
16 0.681 2.18 3.48 6.02 6.26 7.14 5.06% 4.90% 5.14% 4.70% 5.54%  4.93% 1.00 1.00 1.00 0.98 0.99 0.96
17 0.681 2.18 3.48 6.01 6.26 7.14 496% 490% 5.14% 4.60% 544% 4.77% 1.00 1.00 1.00 0.98 0.99 0.96
18 0.680 2.18 3.48 6.01 6.25 7.13 494% 491% 5.14% 4.60% 536% 4.75% 1.00 1.00 1.00 0.98 0.99 0.96
19 | 0.680 2.18 3.48 6.01 6.25 7.14 4.93% 492% 5.16% 4.65% 527%  4.69% 1.00 1.00 1.00 0.98 1.00 0.95
20 | 0.680 2.18 3.48 6.02 6.25 7.17 491% 491% S5.17% 4.69% 524% 4.52% 1.00 1.00 1.00 0.98 1.00 0.97
21 0.680 2.18 3.48 6.01 6.25 7.18 4.86% 491% 521% 4.84% 5.19% 4.44% 1.00 1.00 0.99 0.98 0.99 0.96
22 0.679 2.18 3.48 6.01 6.24 7.16 494% 490% 520% 4.89% 521% 4.56% 1.00 1.00 0.99 0.98 0.99 0.92
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#4155 ¢ 7 20%"R e 5 o]k S fic s Meyer 0 1 * a=0.1 ~ a=0.26 11 % a=1 #7F % %
Nature frequency(Hz) Damping ratio MAC
31 | 0.678 2.18 3.48 597 6.19 7.06 6.92% 4.75%  528% 521% 5.10%  6.86% 1.00 1.00 1.00 1.00 1.00 0.98
32 0.676 2.18 3.49 5.97 6.20 7.09 6.21% 4.74%  533% 520% 5.19%  6.62% 1.00 1.00 1.00 0.99 0.99 0.97
33 0.675 2.18 3.48 5.97 6.21 7.09 571%  4.80%  5.28%  5.09% 533%  6.06% 1.00 1.00 1.00 0.99 0.99 0.98
34 | 0.672 2.18 3.48 597 6.21 7.11 536% 4.82%  526% 4.90% 5.15%  6.12% 1.00 1.00 1.00 0.99 0.98 0.97
35 | 0.674 2.18 3.48 5.98 6.21 7.11 545%  477%  525% 4.89%  523%  5.66% 1.00 1.00 1.00 0.99 0.99 0.97
36 0.674 2.18 3.48 5.98 6.22 7.10 523% 4.82% 523% 4.63% 5.19%  5.40% 1.00 1.00 1.00 0.99 0.97 0.97
37 0.677 2.18 3.47 5.99 6.23 7.09 525% 4.83% 5.15% 4.40% 520% 5.01% 1.00 1.00 1.00 0.99 0.95 0.97
38 0.675 2.18 3.47 5.99 6.23 7.10 5.13% 4.85% 5.17% 4.48% 5.18%  5.00% 1.00 1.00 1.00 0.99 0.95 0.97
39 0.678 2.18 3.47 6.00 6.23 7.10 5.44%  4.86% 5.17% 4.43% 523% 4.73% 1.00 1.00 1.00 0.99 0.95 0.98
40 | 0.679 2.18 3.47 6.01 6.23 7.10 552% 4.87%  5.16%  4.35% 529%  4.68% 1.00 1.00 1.00 0.99 0.94 0.98
41 0.680 2.18 3.47 6.01 6.23 7.09 5.52% 4.86% 5.14% 4.22% 5.41% 4.55% 1.00 1.00 1.00 1.00 0.92 0.98
42 | 0.681 2.18 3.47 6.01 6.23 7.09 5.64% 4.89%  5.19% 4.29% 5.44% 447% 1.00 1.00 1.00 1.00 0.94 0.97
43 0.680 2.18 3.47 6.01 6.23 7.09 5.56% 4.90% 5.14% 4.26% 529% 4.53% 1.00 1.00 1.00 0.99 0.93 0.98
44 0.680 2.18 3.48 6.01 6.22 7.10 5.56% 4.85% 5.12% 4.35% 531% 4.68% 1.00 1.00 1.00 0.99 0.95 0.99
45 0.679 2.18 3.47 6.01 6.22 7.10 5.52% 4.86%  5.22% 4.44% 5.48% 4.62% 1.00 1.00 1.00 1.00 0.96 0.98
46 0.681 2.18 3.47 6.01 6.23 7.09 5.61% 4.87% 520% 4.24% 542% 4.67% 1.00 1.00 1.00 1.00 0.92 0.98
47 | 0.679 2.18 3.47 6.01 6.22 7.11 542% 4.88%  5.13% 4.43% 529%  4.76% 1.00 1.00 1.00 0.99 0.96 0.99
48 | 0.679 2.18 3.48 6.01 6.21 7.12 540% 4.90% 5.08% 4.57% 537% 4.67% 1.00 1.00 1.00 1.00 0.98 0.98
49 0.680 2.18 3.48 6.01 6.21 7.12 5.50% 4.90% 5.19% 4.60% 5.38% 4.79% 1.00 1.00 1.00 1.00 0.98 0.97
50 0.679 2.18 3.48 6.00 6.22 7.11 536% 4.87%  5.16% 4.55% 535% 4.71% 1.00 1.00 1.00 1.00 0.98 0.97
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# 4.16 1 ** ARMAX #-A e #ic™ 5?2 20%%&3 0t > ) L Sofics Harr o 1% a=0.08 #7187 % %
Nature frequency(Hz) Damping ratio MAC

11 \ \ 6.10 6.71 \ \ 534%  5.34% 12.55% \ \ \ 0.60 0.64 \

12 \ \ 6.09 6.55 791 \ 1091% 5.38% 10.95% 10.91% \ \ 0.85 0.68 0.97
13 \ \ 6.08 6.41 7.65 \ 9.45% 540% 930%  9.45% \ \ 0.90 0.75 0.98
14 \ \ 6.07 6.32 7.42 \ 7.93%  539%  7.93%  7.56% \ \ 0.94 0.84 0.98
15 \ \ 6.07 6.28 7.33 \ 7.35%  5.38%  7.35%  6.80% \ \ 0.97 0.83 0.98
16 \ \ 6.07 6.25 7.27 \ 6.88% 537% 6.88%  6.06% \ \ 0.99 0.83 0.99
17 \ 3.67 6.07 6.25 7.24 \ 13.92% 5.34%  6.58%  5.79% \ 0.99 0.99 0.83 0.99
18 2.22 3.66 6.06 6.24 7.21 14.73% 13.09% 5.33% 6.21%  5.66% 0.99 0.99 0.99 0.87 0.99
19 2.21 3.61 6.04 6.22 7.17 11.72% 10.51% 5.12%  5.72%  5.22% 0.99 1.00 1.00 0.97 0.99
20 2.23 3.67 6.04 6.25 7.23 1490% 12.57% 524%  5.89%  5.24% 0.99 1.00 0.99 0.95 0.98
21 2.21 3.64 6.04 6.25 7.23 14.02% 11.75% 5.19%  5.82%  5.18% 0.99 1.00 0.99 0.96 0.98
22 221 3.58 6.03 6.24 7.20 1221% 1024% 5.19%  5.67%  5.33% 0.99 1.00 0.99 0.98 0.98
23 2.19 3.56 6.02 6.23 7.17 10.24% 8.83%  5.05% 537%  5.34% 0.99 1.00 0.99 1.00 0.99
24 2.20 3.55 6.02 6.22 7.16 9.76%  8.03% 4.97%  5.46%  5.32% 0.99 1.00 1.00 1.00 0.99
25 2.19 3.54 6.01 6.22 7.14 8.80% 7.31% 495% 552%  5.50% 0.99 1.00 1.00 1.00 0.99
26 2.18 3.53 6.01 6.21 7.15 8.10%  7.00% 4.95% 542% 5.71% 0.99 1.00 1.00 1.00 0.99
27 2.18 3.52 6.00 6.21 7.10 7.34%  6.39% 4.95% 532% 5.80% 0.99 1.00 1.00 1.00 0.99
28 2.17 3.51 5.99 6.21 7.07 6.74%  6.21% 4.88% 535%  5.66% 0.99 1.00 1.00 0.99 0.99
29 2.18 3.50 5.99 6.20 7.05 6.51% 597% 4.83% 528%  5.52% 0.99 1.00 1.00 0.99 0.99
30 2.17 3.51 5.99 6.21 7.10 6.78%  594% 4.92% 524%  5.42% 0.99 1.00 1.00 1.00 0.99
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4 417 1 % ARMAX B3| FF BT 30557 & 5 20%qk 3Lt o ol gk Sndic s Harr > o 1% a=022 “7 1% % %
Nature frequency(Hz) Damping ratio MAC

2 \ \ \ 6.11 \ \ \ \ 529%  5.29% \ \ \ \ 0.59 \
3 \ \ \ 6.10 \ \ \ \ 532%  5.32% \ \ \ \ 0.60 \
4 \ 2.20 \ 6.09 \ \ 13.51% \ 5.61%  5.61% \ \ 1.00 \ 0.60 \
5 \ 2.19 3.56 6.09 6.31 \ 9.83% 11.65% 5.93% 13.03% \ \ 1.00 1.00 0.87 0.80
6 \ 2.18 3.53 6.07 6.26 \ 821%  9.57%  6.16% 10.50% \ \ 0.99 1.00 0.92 0.89
7 \ 2.18 3.52 6.05 6.21 \ 7.02%  825%  6.49%  8.94% \ \ 1.00 1.00 0.96 0.96
8 \ 2.18 3.51 6.00 6.20 \ 6.31% 731% 6.75%  7.34% \ \ 1.00 1.00 0.99 0.96
9 \ 2.18 3.50 5.98 6.20 \ 593%  6.96% 6.70%  7.09% \ \ 1.00 1.00 0.99 0.96
10 \ 2.18 3.49 5.97 6.18 \ 5.66% 639% 6.84% 6.97% \ \ 1.00 1.00 0.98 0.96
11 \ 2.18 3.49 5.96 6.18 \ 545%  6.16%  6.95%  6.88% \ \ 1.00 1.00 0.98 0.95
12 \ 2.18 3.49 5.94 6.17 \ 531% 5.82% 6.96%  6.45% \ \ 1.00 1.00 0.95 0.94
13 \ 2.18 3.48 5.94 6.16 \ 525%  5.65%  6.85%  6.35% \ \ 1.00 1.00 0.95 0.94
14 \ 2.18 3.48 5.94 6.17 \ 521%  532% 6.84%  6.33% \ \ 1.00 1.00 0.94 0.94
15 \ 2.18 3.48 5.94 6.17 \ 5.14%  5.19% 6.72%  6.37% \ \ 1.00 1.00 0.96 0.94
16 \ 2.18 3.48 5.93 6.17 \ 5.09%  5.17%  6.59%  6.37% \ \ 1.00 1.00 0.96 0.94
17 \ 2.18 3.48 5.93 6.18 \ 5.04% 5.10% 6.48%  6.43% \ \ 1.00 1.00 0.97 0.94
18 0.61 2.17 3.48 5.94 6.18 12.44% 5.00%  5.08%  6.38%  6.44% \ 1.00 1.00 1.00 0.98 0.95
19 0.62 2.17 3.48 5.94 6.19 825% 4.96% 5.05% 631% 6.47% \ 1.00 1.00 1.00 0.99 0.95
20 0.63 2.17 3.48 5.94 6.19 543% 496% 5.06% 6.16%  6.39% \ 1.00 1.00 1.00 0.99 0.95
21 0.63 2.17 3.48 5.92 6.18 391% 4.96% 5.08% 623%  6.38% \ 1.00 1.00 1.00 0.99 0.94
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% 4.18 ¢ ¥ ARMAX #-AFe#ic™ 5?2 20%%&3u 0t > ) L Sl s Harr o 1% a=0.9 #7183 %
Nature frequency(Hz) Damping ratio MAC
2 \ \ \ 6.10 \ \ \ \ 7.72% \ \ \ \ 0.53 \
3 0.673 \ \ 6.06 \ 9.07% \ \ 5.88% \ 1.00 \ \ 0.55 \
4 0.683 \ \ 6.06 \ 7.10% \ \ 6.18% \ 1.00 \ \ 0.71 \
5 0.687 \ \ 6.05 \ 6.67% \ \ 6.12% \ 1.00 \ \ 0.72 \
6 0.683 \ \ 6.05 \ 6.02% \ \ 6.26% \ 1.00 \ \ 0.72 \
7 0.682 \ 3.51 6.06 \ 5.58% \ 1021%  6.07% \ 1.00 \ 0.98 0.72 \
8 0.685 \ 3.48 6.05 \ 5.87% \ 11.04%  6.06% \ 1.00 \ 0.97 0.74 \
9 0.683 \ 3.48 6.06 \ 5.49% \ 7.72%  5.89% \ 1.00 \ 0.99 0.60 \
10 0.685 \ 3.49 6.05 \ 5.54% \ 847%  5.80% \ 1.00 \ 0.99 0.75 \
11 | 0.686 2.25 3.46 6.05 \ 5.46% 11.26% 7.47%  5.72% \ 1.00 0.98 0.99 0.61 \
12 0.687 2.25 3.46 6.04 \ 5.53% 11.67% 7.25%  5.67% \ 1.00 0.98 0.99 0.76 \
13 | 0.687 2.23 3.45 6.05 \ 543%  9.76%  6.74%  5.51% \ 1.00 0.99 0.99 0.77 \
14 0.688 2.22 3.45 6.05 \ 550% 994% 6.28% 5.57% \ 1.00 0.99 0.99 0.78 \
15 0.685 2.23 3.45 6.05 \ 533%  7.75%  6.02%  5.50% \ 1.00 0.99 0.99 0.77 \
16 0.686 2.23 3.45 6.05 \ 535% 857%  6.16%  5.55% \ 1.00 0.99 0.99 0.81 \
17 0.685 2.23 3.44 6.05 \ 530%  7.69%  6.06%  5.58% \ 1.00 0.99 0.99 0.82 \
18 | 0.684 2.23 3.44 6.04 6.54 520%  7.66%  5.89%  547% 13.64% 1.00 0.99 1.00 0.84 0.78
19 | 0.684 222 3.44 6.04 6.53 518%  7.41%  590%  5.54% 12.25% 1.00 0.99 1.00 0.86 0.81
20 0.683 2.23 3.44 6.05 6.52 5.10%  7.28%  6.00%  5.55% 11.87% 1.00 1.00 1.00 0.87 0.74
21 0.683 2.22 3.45 6.04 6.43 5.09% 7.03% 6.10% 547% 11.63% 1.00 1.00 1.00 0.89 0.72
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% 4.19 1 > ARMAX #2348 U7 & 5 20%7&2 0t > [k SoBic s Meyer > 4 5| F1% a=0.1 ~ a=0.26 11 2 a=1 #{ {8 &
Nature frequency(Hz) Damping ratio MAC

4 \ \ \ 6.06 6.31 7.30 \ \ \ 534%  7.87%  9.78% \ \ \ 0.95 0.83 0.95
5 0.682 2.18 3.48 6.03 6.23 7.27 4.48% 632% 6.19% 491% 5.89% 5.81% 1.00 1.00 1.00 0.99 0.99 0.95
6 0.677 2.18 3.48 6.04 6.25 7.22 6.77%  5.78%  5.88% 4.83% 541% 4.82% 1.00 1.00 1.00 0.98 0.98 0.98
7 0.720 2.18 3.48 6.03 6.25 7.23 4.77%  5.45%  5.63% 4.76% 525% 4.36% 1.00 1.00 1.00 0.97 0.99 0.99
8 0.716 2.18 3.48 6.03 6.26 7.22 2.88%  527%  554% 477%  529%  4.29% 1.00 1.00 1.00 0.97 0.99 0.98
9 0.708 2.18 3.48 6.03 6.27 7.25 2.88% 5.16% 5.44% 4.88% 525% 4.33% 1.00 1.00 1.00 0.96 0.98 0.99
10 0.693 2.18 3.48 6.02 6.28 7.25 4.55%  5.03% 538% 4.70% 5.24% 4.41% 1.00 1.00 1.00 0.96 1.00 0.99
11 0.686 2.18 3.48 6.03 6.27 7.26 5.56% 4.95% 5.25% 5.15% 524% 4.36% 1.00 1.00 1.00 0.96 0.94 0.99
12 0.688 2.18 3.48 6.02 6.28 7.25 5.19% 490% 524% 491% 522% 4.34% 1.00 1.00 1.00 0.95 0.99 0.99
13 | 0.688 2.18 3.48 6.03 6.26 7.24 4.92% 4.89% 524% 4.83% 538%  4.58% 1.00 1.00 1.00 0.97 0.99 0.99
14 0.682 2.18 3.48 6.02 6.25 7.24 494%  4.87%  522% 4.84% 528% 4.30% 1.00 1.00 1.00 0.98 0.99 0.99
15 | 0.674 2.18 3.48 6.02 6.25 7.22 4.73% 4.89% 5.17% 491% 532% 4.61% 1.00 1.00 1.00 0.98 0.99 0.98
16 0.683 2.18 3.48 6.02 6.25 7.22 5.16% 491% 5.16% 4.84% 536% 4.54% 1.00 1.00 1.00 0.98 0.99 0.99
17 0.678 2.18 3.48 6.02 6.24 7.20 481% 4.87%  5.13% 493% 537% 4.60% 1.00 1.00 1.00 0.99 0.99 0.99
18 0.676 2.18 3.48 6.03 6.25 7.20 4.78%  491%  5.15% 4.82% 5.24%  4.64% 1.00 1.00 1.00 0.98 0.99 0.99
19 0.676 2.18 3.47 6.01 6.23 7.17 494% 490% 5.11% 4.85% 536% 4.73% 1.00 1.00 1.00 0.99 1.00 0.99
20 | 0.675 2.18 3.48 6.01 6.22 7.16 4.83% 491% S5.11% 4.86% 526%  4.65% 1.00 1.00 1.00 0.99 1.00 0.98
21 | 0.676 2.18 3.48 6.01 6.21 7.14 4.67% 493% S5.17% 4.88% 528% 4.67% 1.00 1.00 1.00 1.00 1.00 0.99
22 0.677 2.18 3.48 6.00 6.20 7.10 4.66%  4.92% 5.18% 491% 534% 4.83% 1.00 1.00 1.00 1.00 1.00 0.98
23 0.677 2.18 3.48 6.00 6.19 7.07 4.52% 491% 522% 497% 539% 4.54% 1.00 1.00 0.99 1.00 1.00 0.96
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# 5.1 2 SAP2000 #7{¥ Benchmark C1 2323

= A= A
.F\,?%q/

X director Y director
frequency(Hz) 1.05 3.23 5.10 1.45 4.66 7.79
1.00 -0.82 -0.44 1.00 -0.85 0.40
Mode shape 0.77 0.54 1.00 0.73 0.69 -0.97
0.38 1.00 -0.89 0.32 1.00 1.00
% 5.2 %] Benchmark C1 2. #i- g

mode frequency(Hz) De;r;}ia(ing MAC

1 1.08 2.00% 1.00

X director 2 3.27 0.18% 1.00

3 5.14 0.16% 1.00

1 1.40 2.07% 1.00

Y director 2 4.66 0.20% 1.00

3 8.21 0.20% 1.00
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% 5.3 12 Harr -] i S B bl v P;E%ﬂi;'l ~ z_ %% (Benchmark C2)

3.07 {394%| 1.00  0.48 066 032 -012 012 -034 043 -0.18 026 -0.11 -0.27
429 1541%| 0.13  -0.02 -0.05 -003 028 0.01 .00 086  0.63 054 029 002
10.54|3.89%| -0.58 0.76  -0.12 068 029 042 -098 1.00 -041 064 -023 0.13
12.9810.58%| -0.57 -0.71  0.75 006 -0.61 032 022 -008 036 -057 046 1.00
17.40|1.45%| -0.04 -0.10  0.16 000 090 -0.08 -0.58 -0.68 067 046 1.00  0.01
20.1710.61%| -0.27 -0.26 1.00 059 033 -037 -043 -034 024 077 022 094
22.3710.40%| -0.41 -0.21 .00 052 038 -039 -003 -027 -0.12 039 035 0.8
29.311097%| 0.27 -041 -007 049 054 061 -059 059 021 -063 1.00 035
37.14/1.10%| 0.13 -0.74 -0.23 024 1.00 091 -0.54 0.73 0.18 -0.28 1.00 0.35
% 5.4 10 Harr | S e ®) & /iy » ™ 2 %% % (Benchmark C2)
Random EL centro Chi Chi
Frequency Damping Frequency Damping Frequency Damping
MAC MAC MAC
(Hz) ratio (Hz) ratio (Hz) ratio
3.05 4.02% \ 3.03 4.06% 1.00 3.02 3.98% 1.00
4.32 5.77% \ 4.15 5.14% 1.00 4.19 4.54% 0.99
10.54 3.17% \ 10.48 3.38% 1.00 10.53 2.94% 1.00
12.98 0.60% \ 12.96 0.62% 1.00 12.98 0.60% 1.00
17.30 1.78% \ 17.33 1.80% 1.00 17.22 1.90% 1.00
20.19 0.61% \ 20.17 1.47% 1.00 20.19 1.43% 0.98
22.38 0.48% \ 22.42 1.59% 0.97 22.43 1.69% 0.98
29.35 0.87% \ 29.34 1.40% 0.99 29.39 1.07% 0.98
37.14 1.10% \ 36.72 1.89% 0.99 36.90 1.61% 0.99
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# 5.5 11 Meyer | sk o it o]

V;f%ﬁ%J » 2_ %% (Benchmark C2)

3.05 [4.02%| 1.00 0.46 066 030 -013 012 -033 047 -017 028 -0.11 -0.27
432 15.77%| 0.20 0.11 008 007 027 -004 100 081 0.59 0.54 0.29 0.04
10.543.17%| -0.61  0.69 -0.12 0.65 026 043 -097 1.00 -041 060 -020 0.15
12.98(0.60%| -0.58 -0.70 076 007 -0.61 0.32 021 -0.07 036 -057 046 1.00
17.30(1.78%| -0.05 -008 016 001 092 -008 -060 -0.67 0.65 0.48 .00 -0.02
20.1910.61%| -0.27 -027 1.00 059 035 -037 -044 -035 025 0.78 0.24 0.95
22.3810.48%| -0.41  -0.21 .00 052 037 -039 -004 -027 -0.11 0.39 0.36 0.89
29.3510.87%| 030  -0.44 -0.08 055 0.65 0.64 -0.65 0.61 026 -0.63  1.00 0.38
37.021.36%| 0.16  -0.78 -0.23 028  1.00 0.89  -0.61 0.78 020  -030 097 0.36
#. 5.6 11 Meyer -] & 30 Bz w) & %ﬁﬁa?] ~ T2 %% (Benchmark C2)
Random EL centro Chi Chi
Frequency Damping Frequency Damping Frequency Damping
MAC MAC MAC
(Hz) ratio (Hz) ratio (Hz) ratio
3.07 3.94% \ 3.01 3.76% 1.00 3.02 3.51% 1.00
4.29 5.41% \ 4.16 4.60% 0.99 4.25 3.93% 0.98
10.54 3.89% \ 10.47 4.06% 1.00 10.49 2.78% 1.00
12.98 0.58% \ 12.97 0.64% 1.00 12.98 0.62% 1.00
17.40 1.45% \ 17.37 1.61% 1.00 17.42 1.32% 1.00
20.17 0.61% \ 20.28 1.39% 1.00 20.23 0.88% 1.00
22.37 0.40% \ 22.55 1.46% 1.00 22.38 0.64% 0.96
29.31 0.97% \ 29.18 1.29% 0.95 29.29 1.09% 0.97
37.02 1.36% \ 37.16 1.53% 0.99 37.13 0.82% 0.99
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# 5.7 12 SAP2000 *7¥ Benchmark C2 z_ 32 3 ik &2 4= 25

fq.(Hz) 3.18 5.44 1067 | 1388 | 2008 | 2476 | 2560 | 3731 | 4685

Damping | 5.00% | 5.00% | 5.00% | 5.00% | 5.00% | 5.00% | 5.00% | 5.00% | 5.00%
1.00 -0.09 -0.07 0.79 0.08 0.28 0.30 -0.01 -0.13
0.42 0.08 1.00 -0.65 -0.10 -0.07 0.65 0.11 -0.67
0.59 0.00 0.37 0.78 -0.15 -0.80 -0.63 0.03 0.22
0.24 0.10 0.83 0.05 0.08 -0.14 -0.86 027 1.00
0.22 0.04 0.40 1.00 0.10 1.00 0.19 -0.01 -0.19
0.08 0.08 0.44 0.23 0.30 0.61 -0.76 0.28 -0.56

Mode shape
-0.37 1.00 0.61 0.04 0.71 0.17 0.21 0.36 -0.29
0.50 0.74 -0.99 0.17 -0.44 0.36 032 0.17 0.53
023 0.59 0.22 -0.47 0.81 0.31 -0.04 0.97 0.27
0.30 0.44 -0.47 0.63 0.48 -0.68 0.30 -0.51 -0.91
-0.09 0.21 -0.02 -0.49 1.00 -0.38 -0.42 1.00 0.03
0.12 0.16 -0.07 0.66 0.70 0.21 1.00 0.56 0.59
# 5.8 §1* Benchmark C2 7 "I~ 2 #41 F B F A2 U %%

frequency(Hz) Damping ratio MAC
3.18 5.00% 1.00
5.44 5.00% 1.00
10.67 5.00% 1.00
13.88 5.00% 1.00
20.08 4.99% 1.00
24.76 5.00% 1.00
25.60 5.01% 1.00
37.30 4.97% 1.00
46.85 4.98% 1.00
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259 FRAMHEE w2 R

(#£,2000 ) FEM
Mode (FEM) f(Hz) damping(%o) f(Hz) damping(%o) f(Hz)
1(8) 1.49 3.39 1.49 3.27 1.18
2 (10) 1.87 4.57 1.84 4.40 1.90
3(11) 2.67 3.28 2.64 3.70 2.07
4 (14) 3.03 3.32 \ \ 2.39
5(15) 3.75 3.22 3.63 2.90 2.52

6 (22) 4.35 1.93 4.36 2.20 \
7 (14) 5.78 2.70 \ \ 2.39

Vet 2 ik
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