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alpha and F

alpha and Frequency

———dlphay,

- T [ /
SEE \\ TEES // o
* Matlab ‘T VEReS| o

'w.su 0_'5 1 15 2 7_5 3 Sl_ﬁ 4 ,:5 5 L nls 1 1?5‘ 2 2?5 3 575 4 45 5
Freqguency [Hz] - Fraguency [Hz]
Absolute values of the frequency response functions of the 2-dof
system
o T a‘ph‘amd qu?"w .

a(f) [Nfm]

alpha(f} [M/rm] A
/

o o5 fl 15 2 25 3 35 4 45 )
Frequency [Hz]

alf) [N/m]
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e Matlab
e LabVIEW
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Balcony
Dimension=1.81mx 4.80m
Slab depth =13 -15cm
Average depth= 14cm(used)
Concrete= 35/45

Steel Section= IPE160

20.Juli 2020

Draufsicht Balkonplatte

MaBstab 1:25

Balkonplatten [0.00] (d= 13,0 - 15,0 cm
C 358/45 XC4 J
nom co = 3,5¢m, nom cu = 3,0cm

— 4.80
A8y 75 75 N 75 4 75 75 o 75 .,151:
(Rf AYHTA 0224y tam. i HTA28M5
- B8 /N
= v i T I

&
]

70 \

HTA 40722-fv Ifdm.

1.81

= i
Eal +'+
1T Pt T 11 P

L} I

s s g
& i |12
..T.;«.c. %@ e
it 2
| | #D3 i HTA 28115
| | | ot

I
g

: i&ﬂfﬁa )
E d=15cm I

9@
G

| i - —
1131 uy &3—3 =
Q__:
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Sap2000

* Assigned same parameter

* Fixed Support

Bauhaus-Universitat

Weimar
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Loads assigned
Load= 70N
Impulse load
Sine load

20. Juli 2020

P
0 3 10
i
| | | |
] | | | I 1 h::
[ [ i [
k', LY, A |
Period: 1 Bauhaus-Universitat
# of steps per Cycle: 20 BAETEL
# of Cycle: 10
Amplitude:10 6
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0.25 X 601.128

Which is like the value of the circular
angular frequency of the 1¥ Mode calculated

by SA

P2000.

Lompesine Section (without Creen)

n=EsfEc
I come
t Cano

B
urs
014

0.09375 m
DOLE0TE 2
(213184 m
BA1E-D5 mta

QutputCase StepType StepNum Pericd Frequency CircFreq Eigenvalue
Text Unitless sec Cyclsec radisec rad2/sec2
Mode 1 0.0835974 | N .EIII}EHE#..." ?4.5229694..' COOB 47674,
Modal Mode 2 0.043583 | 20.5834517... | 129.329641... | 16726.1561...
Modal Mode 3 0.02F15 | 36.8321355... | 231.423132... | 53506.6664. .
Modal Mode 4 0.026762 | 37.3666852... | 234.7831807... | 55122.4971..
Modal Mode 5 0.014912 | 67.0604366... | 421 353464 | 177533.741..
Modal Mode G 0.010339 | 957218047, | 607 . 721022, | 360324.340. .
Modal Mode T 0.009352 | 106.930534... | 671.364677... | 451402.145...
Moment of inertia (I') = 6.9 x 10° m* i — -
3EI 3x2.1x10%x69x 105 ' 7ADED3 m T
1 . Er v, — 4 148 m
Stiffness (K1) " [1] i . mm*:: 2 P
=20125 N/m i TADED3 u
Circular Frequency (w)= 2n J% o st ol h'
— i e
Zu ste=l 0000107 m3
=2n J |:?2.6? radfsecl 2/ Stes! 0000157 w3
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H.Drop and Sin (Force) Output (Acceleration)

File
%10 -3 TIME Legend
x10 -3 TIME o] 480,
15 - % Joint 22
g Joint 22 0. Acceleration UZ
12 Aooeleration UZ ol
240 =
13 e Min is -6.232e-01
I Mim :r? -1';,\9.[,-.1. 120, at 1.000e-02
0.75 at 1.570er00 Max is 4 758e-01
05 - g g 0 < at 7.0008-02
: al 1.516e+00 B
jl g =120, i
0.25 -
i z =240,
i =360
0.5 -480.
-600.
075 1 | (413, 1.327E-03) | G e S
|III||III|||II|I|II|II|I|II|||III||IIII|IIII||III IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1. . ; 5 2 ; g9, 10.
T L T 10,

Heel Drop Sin
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TIME
T 1 Y A

[ (7.93,1179E-04)

. . J .|
i)

|

5 oW oo oo W 2

| (5.68,-1.353E-05)

LA B

|

|

vy Y Y

1

9,

T

Period

8

I R =S R R

-1

0.084 Sec.

10.

& 3 4, 2, 6. i 8 2. 10

1 Sec.

Period

=70*Sin

Disp. F

—— Period =0.084 §

0.0001 |

——Period=15

0.00005 |

W Bauhaus-Universitat
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configuration

Sampling frequency: 512 Hz.

* Black and Red mark in balcony plan denote sensor configuration
1 and 2 respectivelly

Draufsicht Balkonplatte

MaRstab 1:25

data from
second configuration)

Balkonplatten [0-00] (d= 13,0 - 15.0em
C 35/45 XC4 d
nom co = 3,5cm, nom cu = 3,0cm

s 4.80
LY 75 ; 75 75 75 75 75 15
Ifdm i HTA 28115 |
@I‘I

{a}f A )HTA 40i22- T

-

&

Bauhaus-Universitat
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* Firstly, grids ar s created in Macec

* Sensor data exported and converted with given
frequency (512 Hz) then we processed the data.

* |n process, removed offset and decimated with
factor 4

e Assigned degree of freedom to the each channel
for both configuration.

* Stochastic Subspace idenfiction
 Modal (stablization plot)

i Bauhaus-Universitat
* Repeted for other data and combined
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{4 Preprocess mesignal ebject
Fie  |dot Messung 20 v
~Channel

Vbt 13

Visuakzation
Show dsta from

o =
L %5t 2y,

IﬁLngx . Otog

Double-sided PSD parameters ——
Window type

® Rectanguiar

(0 Hanning

Mol Seogts

[ 135264) points
Overiap

p A

PR |

=104

o
o

Acceleration (m/s?]
Bl

g
g
g
B

250
=104 Time (s}

S

IS

Acceleration [mis*/Hz]

o

o
g

100 150 200 250
Frequency [Hz]
" Preprocessing

Remove offset v ‘I i | ‘
Removeattset  v| | agpy |
Apply to
@ This channel () All channels .

“Save figures ! | oK
) Selected channels (e.g. 35:8); |

{4 Preprocess mesignal object

Fie |dot_Messung_2_c.. v]

20.Juli 2020

Selected channels (e.9. 3.58). |

400
Channel ————————————— "
= - £ 200
P EEE =
L - -] 5
— i
Iahet 8 | £
= 8-200
<
-400 " il n
[ 50 100 200 250
snnwu-fahnm ) s
[ e [ | 5 vl
G
| Time-Frequency vl E400
Retsrencs chinvet’ [} i3
8200
Otegx  [Jrogy 3
. < |
Doy i ] 10 20 30 a0 50 80
Window type Frequency [Hz]
8 r ~Prepracessing
Hanning r
Saw Resume
Window length |Decimate ~| n b i ‘ | I
34816] points Apply o
Overiap This channel Al channels | Save figures | oK I
L o % S

Bauhaus-Universitat
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{4\ Stochastic Subspace Identification

[~ Algorithm selection
(O data-driven (@) covariance-driven
D reference-based References (e

(1=3

QR of data block Hankel matrix + SVD of projection matrix ————
Half the number of block rows i:

Expected system order: E E\
[] Estimate covariances  Number of blocks:
| Calculate QR + SVD I | Show singular values I

Remark: Theoretically the system order equals the
number of non-zero singular values

r~Calculation of system matrices -

System orders:  |2:2:1 Od

20.Juli 2020

~Select Channels

4] Stabilization plot

Ch.1-1 (acc)
Ch.2-2 (acc)
Ch. 3-3 (acc)
Ch. 4 -4 (acc)
Ch.5-5 (acc)

Ch.6-6 iacci

| Cancel |

OK

Mode information
reans I ER ey s 3 aman B
Damping [%] e o 5% o S B
& @ [ SR B PRSI Scalochonoel. |° Xl k1
Order: wl “E - N RO 4
Transfer norm: @@ v o I A
88 ¢ . iF &l a4z
80 'vg e ve w ¥ -}; -l' :f’ B
a8 w’ R &Nae
@ & v G vl v v |
0?9 @ v v il | @
e o %8  f b W 1
o 3 % e
v v ol e
Mo pliase [ @ g @ & W T R
PR LT v R T . .
60 ad @ v worv o - 4
5 Og’ Q'-OV v v b 'dg
K 5 g
E §8 @ o s o = @ Show real-imaginary part
T 50+ & e s e b i © Show absolute vake + angle
Stabiization crieria B i v @ Y
. E 3’ -\ Yoo L 8 Scaie {o unit modal mass
1 2 3 . s
s L ‘ of e Tl ] wl oap Y 3 J ® Scale (o unkt modl displacement
Damping (%] sl M2 8 v e Fi
= g % i
Vector [ 1) % i i
woow L1 gl i W 4 F
Transfer norm[%] | 50 30r & o @ v @ v v & B
Demping [ 2 W b &y Y
ranae 1%} o w| s | @v of v i
Transternomms | 51 20 -y i o g
& &0 o
& : &
: § 2
w0t/ @ 1
/33 H
WPClowerbound | 0S| ® s i
P upperbounar] | %0 0 50 60
WPD upper bound 1] | 90
Showdatafom | © Hzto | 54 Hz [ Jsnowalmodes []Show only stabiemodes [2) Show PSDe/FRFS | Calcute. ‘ | Apply ‘ \ Figure | \ oK
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MACEC [Hz]

Mode 1 =3.890

Mode 2 = 6.355
Mode 3= 13.769

Did not appear
Mode 4= 28.684
Did not appear
Mode 5= 40.669

Mode 6= 53.862

Did not appear

1

SAP2000 [Hz]

Did not appear
Did not appear
Mode 1=11.908

Mode 2=20.583
Did not appear
Mode 3=36.832
Mode 4=37.367

Did not appear
Mode 5=67.06

AP2000

uency from

Bauhaus-Universitat
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—

H.Drop Analysis in MACEC Vs SAP2000

"'_'}] modes.m - Editor OutputCase  StepType StepNum Period Frequency CircFreq Eigenvalue
Text Unitless Sec Cycisec radisec rad2/sec2
Datei Bearbeiten Format Ansicht Hilfe mp 10023074 11.9084454... | 74.8220694... | 5508.47674... |
_____________________ Modal Mode 2 0.048583 | 20.5834517... | 129.320641... | 16726.1561...
Eigehfrequencies [Hz] Modal Mode 3 0.02715 | 35.8321355... | 231.423132... | 53556.5664... '_
Modal Wod T TUISTEDT 37.3668852... | 234.781807... | 55122.4971...
36.0088 Modal Mode g 0.014912 | 67.0604866... | 421.353464... | 177538.741... |
) ) Modal Mode 5 0.010339 | 96.7218047... | 607.721022... | 369324.840... |
Damping ratios [%] &
Modal Mode 7] 0.009352 | 105.930584... | 671.854677... | 451402.145...

4.8483 2.001

Mode shapes (scaled to unit modal displacement)

AAATIT A AN, AN A AAARAT A AAARATIAAT S

Ta
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P

H.Drop Analysis in MACEC Vs SAP2000 cont..

400

0 100 e v ¥
Mode 1 Mode 2

Bauhaus-Universitat
Weimar
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Conclusion

1. Matlab, MACEC and labView are useful tools that could be used to
study the behaviour of structures and their dynamic and modal
properties

2. SAP2000 is an easy and well-known commercial software can also be
used to determine the dynamic and Modal properties of a structure.

3. Results from the experiment were analyzed using Macec and the results
were compared with the Modal Analysis results from SAP2000 few
modes were observed to be similar in both cases.

4. Simulated H.Drop using SAP2000 has been analysed in MACEC, similar
results Wene,observed in both cases.

5. The Sensors used in performing experiments should be distributed in a
way such that all modes could appear.

6. Locati\on of applying exciting loads (in experiments) affect the modes
that are activated. Bauhaus-Universitit

Weimar
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Thank You!
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