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Abstract
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The fundamental vibration period of a building is an important parameter in the
determination of design base shear. According to the present building code, the fundamental
vibration period of a building can be calculated using the empirical formulas or structural
analysis method such as the commercia software ETABS. However, the fundamental period
calculated from the structural analysis method must be less than that from the empirical
formula multiplied by one point four to avoid the case that the designers misused the long
fundamental vibration period that may lead to a non-conservative design. Generally speaking,
the empirical formulaistoo conservative and it is suspicious whether ETABS can predict very
accurately the dynamic characteristics of buildings. The empirical formulain Taiwan building
code is mainly based on that of the Uniform Building Code (UBC). However, given that the
design and construct methods are different between Taiwan and US, it is necessary to review
the accuracy of the empirical formula of the fundamental vibration period in Taiwan building
code.

The ambient vibration test is the measurement of the structural dynamic response
resulting from the surrounding factors. In conjunction with the system identification technique,
the ambient vibration measurement can be used to determine the structural dynamic properties
such as natural period and damping ratio. The present study uses the ambient vibration
measurement technique to obtain the fundamental vibration periods and damping ratios for 45
reinforced concrete buildings located in Taipel. Regressive formulas are proposed for both the
horizontal and torsional vibration periods by fitting the measured data to height. In addition,
another formula for the horizontal vibration period is given, where both height and planar
dimensions are used as the fitting parameters. This formula can reflect the fact that the periods
are different in the x- and y- directions. It is found that the period predicted by the proposed
formulais 2.1 times in average longer than that predicted by the code formula. Considering
that the period may increase 40 percent, the current code still overestimates the period by 50
percent.
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2.1

(Uniform Building Code UBC)

2.1.1
(Uniform Building Code UBC) 3
1970 1994

(1) 1970
T = 0'\(/)55}1" (2.1)
hy D

(moment-resisting frame)

T=0.10N (2.2)



N
(2) 1994

T= Ct (hn)3/4

C,=0.030
G
0.1
C =—
t /_Ac
4:24m%uy@ﬁ
A,
D, ( f't)
D./h, 0.9
212 2

T=H(0.02+00lg)

H

T=0.070 (h,)*"

\/A—C n

A, =D A[02+(D,/h,)’]

T

4.

(2.3)

(RC MRF & EBF)

(2.4a)

(2.4b)

ft)

(2.5)

(2.6)

(2.7a)

(2.7b)



D./h, 0.9
2.2 1
1.4
1
23
Goel and Chopra 4 1971  San Fernando 1994  Northridge
37
T=0.016 (h,)"" (2.8)
h, Uniform Building Code
(UBC 1997) (Structural Engineers Association of
California, SEAOC 1996)
Goel and Chopra
1.4
5
ARX (Auto Regressive eXogenous)
T =0.03 (h,)"™ (2.9)

UBC






3.1

10°~107g

( Ambient Vibration Test )

6 19
20
1.
( Resolution )
2.
3.
4.

Boroschek and Yanez 12

( Ambient Vibration )

70gal

12-18



2%-9% Celebi 13 Celebi and Liu 14 Loma Prieta

90-210gal

14%-47% Satake
and Yokota 15 1.7-10.0gal

10%-16% Littler 16

12.67m/s 1.34m/s

0%-22% Yamaguchi 17

3%-8% Loh and Wu 18
1-32gal

1%-3%

RC
13

l. (rocking)



3.2 19

(Spectral Analysis) /
Input / Output) (Auto-correlation Spectrum)
S, =|H['S..
Syy A
H
noise) Sy Sy H
Power Method)
(Fourier Transformation)
S, = lim E[L¥Y"]= lim E[1|Y|2]
T>w T Tow T
E Y (1) Y Y
Transformation FFT
F(n)= ]:z:h(k)e‘““k")”’v n=0,1,....,N-1
N _ N=27
A =0.01 sec 5.5
33000 N N 1024
33000 32

(Single

3.1)

(White

(Half

(3.2)

Fast Fourier

(3.3)

1024
N 2048



16
(Normalized mean

square error)

s L{&) G4
BT |\ 24G_
B. (resolution bandwidth) N
B.=1/NAt At 0.01 T,
330 N B, (3.4)
(random error) (bias
error) N N
N 2048
aliasing
h(t) H(f) Je
H(f) h(t) At 1/(21.)
A =0.01 sec 50Hz
0.02sec
RC

33
ARV Auto-regressive vector
21
), = i[cb,-]{x},_i + {4}, (3.5)
X} ) (A} (t-0)

[@:] AR (3.5) ARV

ARV(n;]) n AR / ¢y {4},
E[i4},]=10} (3.6)
Elia) {4y )= 5,17] (3.7

10



E[] d;  Kronecher delta

e

R(~k) = ﬁ[@]R(i—k)

matrix

(3.5)

R(k) = E[{X} {X}/]

(3.7) k=0 E[{4},(X}7,1=[0]
(3.5)

R (k)= 2@ JR (k—i)
(3.9)

[#]-[%][o]

[R]=[R"(k, +1) R"(k,+2) -

R(ki) R(ki—l) R(ki—Z)
[E]= R(I?'H) R(ki) R(ki—l)
R(ki+m—l ) R(ki+m—2)
[&)]:[[q)l] [(1)2] [q)n]]T
[R] mN, xN, [R] mN, xnN,
Nm
(3.10) [D]

[R]"[R][®]=[R]"[R]

k,' > I’l-l

11

. Rk

RT(k, +m)|

(W] {4}, variance
(3.8)
(3.6)
R(0Y=R'(0) R(-k)=R'(k)
(3.9)
(3.10)
R(ki+1—n)
RKiso-n) (3.11a)
remen)
(3.11b)
[D] nN, xN,
(3.12)
QU (3.11)
(3.11)
R(k)( k=0)



(3.11) ki > n-1

(3.9)

R == 3 U0,

7=
(3.14)
7> o0
k <7/4( k=71/10)
ARV(n:1)

FPE(n) = ij |

n w| ]
Xl 69

)= ro)-[@] [7]._, [8]

ARV

ARV

ARV
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frequency response function
Ibrahim

Ibrahim ()}
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N (Nw<N) (3.19)
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At

(3.20)

Yi = Yk(tj +At2) k=i-N,,
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[4]=[710T 0T
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(3.41) (3.43) (3.52)
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A At
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4.1

Tokyo Sokushin Co. Ltd. VSE-15D
4.1 SPC-35F
4.2
100Hz 100
High Pass Filter 0.1Hz 0.0lcm
0.1kine(1 kine=1 cm/sec) 10gal
4.2
43 44
4.5 4.6
41 42
100Hz
4.3 4.10 4.3 4.4 No.l  No.3
No.2  No4
1.61Hz 3.17Hz
( ) 1.61Hz 3.17Hz
4.5 4.6
X 1.27Hz 1.61Hz
Y 2.29Hz 2.49Hz 3.17Hz
1.61Hz 3.17Hz X
1.27Hz Y 2.29Hz 2.49Hz 2.39
Hz 0.2 Hz
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3.17Hz

3.17Hz

2.54Hz

4.3

ARV

44

4.7 4.8 No.l No.3

No.2 No.3 ( )
1.61Hz
1.61Hz
4.9( No.3) 4.10( No.4)
X 1.17Hz 1.32Hz
1.25Hz Y
Y 2.54Hz
41 4.2
43 A
B
4.4 4.5
X Y ARV
4.5 ARV
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T

f3

ARV

ARV

0.5

24 25 29 ARV

Half-power method 22

36 44

10

ARV

19 24 25 29 34

22

4.6

& 12 13 23 30

0.5

4.6



Auto-regressive vector Method ARV

FFT
Auto-regressive vector Method ARV
4.5
1.4 3.0 2.1
1 25% Goel and Chopra 4
UBC 14% 6%
5 82 85
42%
45
33
12 6 8 22 23 26 30 31 35 36
39 41 45 ( Th)
( )
(1)
X Y
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T, =0.01804"""

Ty
0.826
5.1
T, =0.01784"%%
R2
5.1 5.2
(2)
T =0.02351""7
T;
5.3
T =0.02494""
R®>  0.586
(3)

24

0.834

52

h

(5.1)

R*(coefficient of determination)

R2

0.543

5.4

(5.2)

(5.3)

(5.4)



4

T, =0.73 1Tho.901

T =0.769T,
T, T,
h (5.5)
55 (5.6)
5.6
T =0.696T,"""
T =0.740T,
(5.7) R?  0.751
R*  0.595
(5.5) (5.7) R2
(5.6) (5.8) Satake and Yokota 15
T =0.84T,
T =0.02754h*" 3 D712
T Ty Ty
D X Y
T h D 5.9
0.766 X Y

25

(5.5)

(5.6)
R®>  0.745
R®>  0.613

(5.7)

(5.8)
5.7 (5.8)

5.8
R2

(53) (5.4)

(5.9)

(5.9)



(5.1 (5.9)
(5.9)

5.1

X v 109 90

(1)
7;=0.0197h *%"  R?=0.857

7,=0.02044°1°  R?=0.742
(2)
7=0.0210n>7** R>=0.587

T=0.0751n"%%  R*=0.290

(5.10)-(5.13)
20 80

12 15 20

16

5.2

5.1

(5.1)

26

(5.9)

19

(5.10)

(5.11)

(5.12)

(5.13)

80

12 80



95%

5.11

7,=0.02644"°""

7,=0.01234%°%°

30%-40%

7,=0.01724%9%°

20 80

5.10

80-100gal
1

(5.15)

243 1.95

27

(5.14)

(5.15)

1.4

(5.16)
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4.1

fx (X-translation) | fy (Y-translation) ft (Torsion)

1.25 2.54 1.61

1.27 2.39 1.61

(Hz) 1.32 2.54 1.61

1.28 2.47 1.61

1.25 2.59 1.61

1.25 2.54 1.61

(Hz) 1.25 2.59 1.61

1.25 2.57 1.61

1.27 2.52 1.61

4.2

Tx (X-translation) | Ty (Y-translation) Tt (Torsion)

0.800 0.394 0.621

0.787 0.418 0.621

(sec) 0.758 0.394 0.621

0.782 0.402 0.621

0.800 0.386 0.621

0.800 0.394 0.621

(sec) 0.800 0.386 0.621

0.800 0.389 0.621

0.791 0.396 0.621

31




4.3

10.09/1999 1 31
11.06/1999 2

12.23/1999 3 15
01.08/2000 4 150 46

01.08/2000 5

01.08/2000 6 149
01.08/2000 7 67

01.15/2000 8

03.24/2000 9 21
03.27/2000 10 28 20
04.15/2000 11 62

04.15/2000 12 252 2

05.22/2000 13 6 1

07.05/2000 14 13 ( )
07.05/2000 15 48 ()

07.06/2000 16 3116 ( )
07.06/2000 17 260 19 2 ( )
07.07/2000 18 80

07.07/2000 19 282

07.12/2000 20 152 (MIT )
07.12/2000 21 320 ( )
07.13/2000 22 162 23 (
07.13/2000 23 162 198 ( )
07.13/2000 24 144 ( )
07.19/2000 25 104 13 1
07.19/2000 26 219 1

07.19/2000 27 109 100 11
07.20/2000 28 316

07.20/2000 29 75 120 ( )
07.20/2000 30 31 (

08.03/2000 31 26

08.03/2000 32 225 225
08.03/2000 33 40

08.03/2000 34 41

08.04/2000 35
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4.3

08.04/2000 36 513 26
08.04/2000 37 8

08.05/2000 38 37
08.05/2000 39 66 2
08.07/2000 40 63
08.07/2000 41 188

08.08/2000 42 12 ( )
08.08/2000 43 207
08.08/2000 44

08.08/2000 45 5 1 36 (
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44 (Hz)
FFT ARV
Sx Sy Jr bl S S3

1 2.026 0.830 2.539 0.825 2.026 2.996
2 1.318 1.269 1.660 1.276 1.350 1.649
3 1.367 1.074 1.367 1.074 1.341 1.374
4 1.904 1.660 2.100 1.673 1.913 2.126
5 1.709 1.855 2.734 3.392 3.664 5.440
6 1.660 1.172 | 1.9043 | 2.352 3.224 3.799
7 2.979 2.539 5.420 5.045 5.810 5.939
8 1.709 1.464 2.344 1.461 1.702 2.304
9 1.416 1.221 2.002 1.244 1.429 1.982
10 0.879 0.830 1.563 0.829 0.883 1.546
11 1.221 1.367 1.953 1.220 1.344 1.960
12 3.027 2.734 3.662 2.759 2.999 3.830
13 2.881 2.686 4.443 2.654 2.786 4.400
14 1.709 1.807 3.418 1.698 1.820 3.408
15 1.074 1.025 1.660 1.029 1.103 1.688
16 1.807 1.855 3.223 1.761 1.849 3.235
17 4.126 2.930 3.516 2.948 3.544 4.082
18 3.320 4.102 4.956 3.304 4.022 5.299
19 0.977 0.781 1.660 0.779 1.003 1.645
20 2.490 2.344 2.686 2.323 2.439 2.690
21 2.246 1.465 1.758 1.444 1.741 2.277
22 2.246 2.100 2.979 2.085 2.235 2.972
23 2.930 3.174 3.320 2.868 3.156 3.208
24 2.686 2.441 3.418 2.668 3.450

25 4.248 5.469 7.520 4245 5.498

26 0.977 0.830 1.221 0.800 0.972 1.208
27 2.637 2.783 3.662 2.627 2.757 3.647
28 1.221 1.318 2.295 1.206 1.312 2.291
29 3.955 4.346 6.152 3.958 4.356

30 2.320 2.588 3.809 2.461 2.599 3.817
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44 (Hz)
FFT ARV
Sx Sy Jr bl S S3
31 1.758 1.367 1.953 1.384 1.777 1.958
32 2.393 1.953 3.125 1.925 2.418 3.112
33 1.660 1.465 2.051 1.483 1.672 2.067
34 1.123 1.172 1.563 1.110 1.160 1.467
35 1.465 1.807 2.295 1.451 1.804 2.271
36 1.416 1.221 1.074 1.082 1.233 1.397
37 1.611 1.367 1.953 1.389 1.558 1.939
38 1.660 1.221 2.148 1.230 1.672 2.143
39 1.660 1.221 2.100 1.194 1.638 2.100
40 1.611 1.074 1.270 1.046 1.259 1.612
41 1.563 1.807 2.539 1.558 1.752 2.465
42 2.808 2.051 3.076 2.047 2.816 3.065
43 2.295 2.197 3.125 2.173 2.320 3.128
44 3.320 2.783 2.930 2.755 2.894 3.323
45 2.295 2.393 4248 2.271 2.399 4263
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4.5 (sec)
FFT ARV
Tx Ty T, T, 1 T3

1 1.109 0494 | 1.205 | 0.394 | 1.212 | 0.494 | 0.334
2 1.150 0.759 | 0.788 | 0.602 | 0.784 | 0.741 | 0.606
3 1.380 0.732 | 0931 | 0.732 | 0.931 | 0.746 | 0.728
4 1.280 0.505 | 0.602 | 0.476 | 0.598 | 0.523 | 0.470
5 1.503 0.585 | 0.539 | 0.366 | 0.295 | 0.273 | 0.184
6 1.437 0.602 | 0.853 | 0.525 | 0.425 | 0.310 | 0.263
7 0.767 0.336 | 0.394 | 0.185 | 0.198 | 0.172 | 0.168
8 1.293 0.585 | 0.683 | 0.427 | 0.684 | 0.588 | 0.434
9 0.993 0.706 | 0.819 | 0.500 | 0.804 | 0.700 | 0.505
10 1.909 1.138 | 1.205 | 0.640 | 1.206 | 1.133 | 0.647
11 1.118 0.819 | 0.732 | 0.512 | 0.820 | 0.744 | 0.510
12 0.599 0.330 | 0366 | 0.273 | 0.362 | 0.333 | 0.261
13 0.825 0.347 | 0372 | 0.225 | 0.377 | 0.359 | 0.227
14 1.155 0.585 | 0.553 | 0.293 | 0.589 | 0.549 | 0.293
15 1.500 0931 | 0976 | 0.602 | 0.972 | 0907 | 0.592
16 1.202 0.553 | 0.539 | 0.310 | 0.568 | 0.541 | 0.309
17 0.549 0.242 | 0.341 | 0.284 | 0.339 | 0.282 | 0.245
18 0.684 0.301 | 0.244 | 0.202 | 0.303 | 0.249 | 0.189
19 1.672 1.024 | 1.280 | 0.602 | 1.284 | 0.997 | 0.608
20 0.799 0.402 | 0427 | 0.372 | 0.430 | 0410 | 0.372
21 1.031 0.445 | 0.683 | 0.569 | 0.693 | 0.574 | 0.439
22 1.035 0.445 | 0476 | 0.336 | 0.480 | 0.447 | 0.336
23 0.763 0.341 | 0315 | 0.301 | 0.349 | 0317 | 0.312
24 0.899 0.372 | 0.410 | 0.293 | 0.375 | 0.290

25 0.466 0.235 | 0.183 | 0.133 | 0.236 | 0.182

26 1.784 1.024 | 1.205 | 0.819 | 1.250 | 1.029 | 0.828
27 0.886 0.379 | 0359 | 0.273 | 0.381 | 0.363 | 0.274
28 1.492 0.819 | 0.759 | 0.436 | 0.829 | 0.762 | 0.436
29 0.696 0.253 | 0.230 | 0.163 | 0.253 | 0.230

30 0.923 0.431 | 0386 | 0.263 | 0.406 | 0.385 | 0.262
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4.5 (sec) ()
FFT ARV
Tx Ty T, T, 1 T3
31 1.155 0.569 | 0.732 | 0.512 | 0.723 | 0.563 | 0.511
32 0.932 0.418 | 0.512 | 0.320 | 0.519 | 0.414 | 0.321
33 1.266 0.602 | 0.683 | 0.488 | 0.674 | 0.598 | 0.484
34 1.570 0.890 | 0.853 | 0.640 | 0.901 | 0.862 | 0.682
35 1.318 0.683 | 0.553 | 0.436 | 0.689 | 0.554 | 0.440
36 1.069 0.706 | 0.819 | 0.931 | 0.924 | 0.811 | 0.716
37 1.288 0.621 | 0.732 | 0.512 | 0.720 | 0.642 | 0.516
38 1.508 0.602 | 0.819 | 0.466 | 0.813 | 0.598 | 0.467
39 1.254 0.602 | 0.819 | 0.476 | 0.838 | 0.611 | 0.476
40 1.003 0.621 | 0931 | 0.787 | 0.956 | 0.794 | 0.620
41 1.134 0.640 | 0.553 | 0.394 | 0.642 | 0.571 | 0.406
42 0.954 0.356 | 0.488 | 0.325 | 0.489 | 0.355 | 0.326
43 1.034 0.436 | 0.455 | 0.320 | 0.460 | 0.431 | 0.320
44 0.771 0.301 | 0.359 | 0.341 | 0.363 | 0.346 | 0.301
45 1.079 0.436 | 0418 | 0.235 | 0.440 | 0.417 | 0.235
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4.6 (%)
FFT ARV
Ex &y & & & &

1 241 2.94 242 2.76 3.14 3.15
2 5.45 5.66 4.35 2.16 3.13 2.19
3 5.26 6.67 5.26 6.73 1.91 2.56
4 2.99 3.64 2.75 2.46 2.32 1.97
5 3.54 3.58 2.15 1.30 1.06 0.78
6 4.17 3.84 2.85 1.35 1.74 0.93
7 2.51 3.24 4.15 2.07 5.46 2.13
8 5.18 3.85 5.48 5.16 3.82
9 5.02 4.89 3.73 1.57 1.56 2.36
10 5.44 6.07 3.20 4.94 5.30 2.04
11 4.34 5.52 2.67 5.73 4.05 2.44
12 5.72 5.40 7.93 3.44
13 4.19 348 3.40 4.50 3.61
14 4.34 4.20 4.68 2.00 3.33 3.14
15 6.01 6.18 3.51 2.38 2.42 2.70
16 5.46 6.77 2.81 2.74 2.51 2.27
17 2.09 4.46 4.70 2.46 3.16 291
18 4.21 4.84 2.63 3.21 5.89 2.19
19 5.05 7.50 3.60 0.97 0.93
20 7.54 4.39 4.68 4.93 6.64 4.58
21 6.48 4.52 3.44 3.94 4.56 3.12
22 7.17 3.81 1.96 3.92 5.06 1.86
23 2.95 4.04 2.30 2.86 2.72
24 4.90 6.01 2.46 4.22 1.57

25 7.03 4.97 2.09 3.68

26 4.99 6.55 3.97 3.01 2.72 2.70
27 2.33 2.23 1.79 1.31 1.04 1.61
28 5.21 4.62 2.67 2.70 2.55 1.17
29 2.20 1.96 1.75 1.97 1.51

30 5.32 2.13 6.97 6.38 1.57
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4.6 (%) ()
FFT ARV
Ex &y & & & &

31 4.20 4.48 4.73 2.22 3.26 1.55
32 5.78 3.12 1.90 1.06 6.68 1.36
33 344 3.84 2.50 2.37 347 2.76
34 4.77 4.66 3.22 1.24 1.18

35 4.93 4.05 391 3.05 5.25 2.94
36 6.43 6.22 2.00 3.79 1.85
37 5.03 5.04 3.82 1.98 5.78 1.29
38 343 4.07 2.25 1.41 2.05 2.65
39 3.49 4.77 2.58 1.44 1.04 1.55
40 4.10 5.38 4.48 3.55 1.69 2.56
41 4.94 5.07 5.58 3.73 4.71 4.68
42 348 3.31 4.18 1.76 2.78 2.16
43 3.12 3.25 2.61 1.19 1.14 1.22
44 5.19 4.13 4.95 1.97
45 6.00 5.72 2.50 6.12 4.59 1.32
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5.1 (5.9)
(5.9)

T, T, ( ) ( ) ( ) I( )

1 | 0494 | 1.205 | 1.109 | 125% | 1.109 | 8% |0.500 | 1% |0.591 | 51%
2 10759 | 0.788 | 1.150 | 51% | 1.150 | 46% | 0.521 | 31% | 0.567 | 28%
310732 | 0931 | 1.380 | 89% | 1.380 | 48% | 0.659 | 10% | 0.711 | 24%
4 10505 | 0.602 | 1.280 | 153% | 1.280 | 113% | 0.626 | 24% | 0.627 | 4%
5 10585 | 0539 | 1.503 | 157% | 1.503 | 179% | 0.769 | 31% | 0.801 | 49%
7 10336 | 0394 | 0.767 | 128% | 0.767 | 95% | 0.356 | 6% |0.385| 2%
9 | 0.706 | 0.819 | 0.993 | 41% | 0.993 | 21% | 0.460 | 35% | 0.495 | 40%
10 | 1.138 | 1.205 | 1.909 | 68% | 1.909 | 58% | 1.030 | 9% | 1.046 | 13%
111 0.819 | 0.732 | 1.118 | 37% | 1.118 | 53% | 0.528 | 35% | 0.585 | 20%
12 | 0.330 | 0.366 | 0.599 | 81% | 0.599 | 64% | 0.253 | 23% | 0.283 | 23%
13 | 0.347 | 0372 | 0.825 | 138% | 0.825 | 121% | 0.367 | 6% | 0.381 | 2%
14 | 0.585 | 0.553 | 1.155 | 97% | 1.155 | 109% | 0.573 | 2% | 0.553 | 7%
15 | 0.931 | 0.976 | 1.500 | 61% | 1.500 | 54% | 0.769 | 17% | 0.976 | 19%
16 | 0.553 | 0.539 | 1.202 | 117% | 1.202 | 123% | 0.584 | 6% | 0.539 | 15%
17 | 0242 | 0341 | 0.549 | 127% | 0.549 | 61% | 0.202 | 17% | 0.341 | 25%
18 | 0.301 | 0.244 | 0.684 | 127% | 0.684 | 180% | 0.290 | 4% | 0.244 | 36%
19 | 1.024 | 1280 | 1.672 | 63% | 1.672 | 31% | 0.902 | 12% | 1.280 | 27%
20 | 0.402 | 0.427 | 0.799 | 99% | 0.799 | 87% | 0.307 | 24% | 0.427 | 22%
21 | 0.445 | 0.683 | 1.031 | 132% | 1.031 | 51% | 0.448 | 1% |0.683 | 19%
24 | 0372 | 0.410 | 0.899 | 142% | 0.899 | 119% | 0.408 | 10% | 0.410 | 5%
25 1 0235 | 0.183 | 0.466 | 98% | 0.466 | 155% | 0.202 | 14% | 0.183 | 10%
27 1 0379 | 0.359 | 0.886 | 134% | 0.886 | 147% | 0.421 | 11% | 0.359 | 19%
28 | 0.819 | 0.759 | 1.492 | 82% | 1.492 | 97% | 0.775 | 5% | 0.759 | 2%
29 | 0253 | 0.230 | 0.696 | 175% | 0.696 | 202% | 0.290 | 14% | 0.230 | 45%
321 0418 | 0512 | 0.932 | 123% | 0.932 | 82% | 0.426 | 2% |0.512 | 13%
33 | 0.602 | 0.683 | 1.266 | 110% | 1.266 | 85% | 0.631| 5% |0.683| 6%
34 | 0.890 | 0.853 | 1.570 | 76% | 1.570 | 84% | 0.813 | 9% |0.853| 4%
37 1 0.621 | 0.732 | 1.288 | 107% | 1.288 | 76% | 0.600 | 3% |0.732| 9%
38 | 0.602 | 0.819 | 1.508 | 151% | 1.508 | 84% | 0.774 | 29% | 0.819 | 1%
40 | 0.621 | 0.931 | 1.003 | 62% | 1.003 | 8% | 0.448 | 28% | 0.931 | 49%
42 | 0.356 | 0.488 | 0.954 | 168% | 0.954 | 96% | 0.412 | 16% | 0.488 | 6%
43 | 0.436 | 0.455 | 1.034 | 137% | 1.034 | 127% | 0.467 | 7% | 0.455 | 20%
44 1 0301 | 0.359 | 0.771 | 156% | 0.771 | 115% | 0.302 | 0% | 0.359 | 7%
109% 90% 14% 19%
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RF edge-Acc.-X Dir.-torsion-sensor (1-3)

RF edge-Acc.-Y Dir.-torsion-sensor (2-4)
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9FI. -Vel.-tor sion-sensor (1-3)

9 Fl. -Vel.-tor sion-sensor (2+3)
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Build.11-RF -Vel.(tor sion)-sensor (3-4)
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