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Modal Parameters

Natural frequencies
Damping ratios
Mode Shapes

essential task in the course of
seismic  design of  civil
engineering structures
understand and interpret
structural response during
strong earthquake ground
motion

compare observations with
theoretical results.
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Full Scale Dynamic Tests

Forced vibration tests:
 Vibration induced by external force
e Effective in obtaining accurate
estimation of higher modes
* Expensive, time consuming to
conduct and often require special
permissions

Ambient vibration tests:
 Vibration induced by wind, traffic,
operational use.
e Economical, non-destructive, fast and
easy to conduct.
 Low signal to noise ratio.
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e 13 storey office tower
(Engineering Building 401, UoA)

e Constructedin 1964

 Height 40.54m
Plan dimensions 18.3m x 18.3m

e Structurally separate the
adjoining 3-4 storey buildings

Engmeermg Offlce Tower (401)
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Eccentric mass shaker

F = moew?

Plummer block mside spherical roller bearing Rotating drum

me is the resultant eccentric mass of the exciter,

e is the eccentricity of the exciter’s eccentric masses,
w is the driving frequency (rad/s).

Resultant Contributing . Max
) . . Eccentricit o
eccentric eccentric weights driving Force
mass (per . - y frequen | Amplitude
Outside Middle (mm)
set) cy
drums drum putidge e Spherical roller inside
10kg | 2-25kg | 5kg 9.0Hz | 13 kN (or ‘Umm”mt e Drive shaf
20 k ) 5k 10K 325 6.75 H 26 kN Gor b ‘Drive sprocket with duplex drive chain
- . Z ' -
g g g p e ak to Middle drum tensioner
40 kg 2 - 10 kg 20 kg 4.5 Hz peak)

Jin Hee Lee, Assessment of Modal Damping From Full Scale Structural Testing, Master Thesis, University of Auckland 2003



Instrumentation
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Accelerometers PmDN | [ Ampliber | | Gamandfiter| | Horizoma

connector module Switches accelerometer

Measurement range: £ 0.25 g
ADC: 12 bit

Levelling screw

Steel levelling
. base
Low pass filter: 20 Hz
No of accelerometers: 6 Levelling bubble

Die cast
aluminium case

Sensitive Axis
+—— —

LCF-100-14.5 servo accelerometers

Jin Hee Lee, Assessment of Modal Damping From Full Scale Structural Testing, Master Thesis, University of Auckland 2003
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(a) Position of accelerometers at levels 14, 13,

10, 7 and 5
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(b) Position of accelerometer at level 2 {Ground level)

Figure 5.10: Position of accelerometers - Translational modes for the mode shape test.
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*Jin Hee Lee, Assessment of Modal Damping From Full Scale Structural Testing, Master Thesis, University of Auckland 2003
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(a) Position of accelerometers at level 13 - Torsional modes
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() Position of accelerometers at level 7 - Torsional modes

£096 | 5095 | T —
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0014 Semsitnve axis ’/}
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(c) Position of accelerometer at level 2 (Ground level)
5005 Figure 5.11: Position of accelerometers - Torsional modes for the mode shape test.
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*Jin Hee Lee, Assessment of Modal Damping From Full Scale
Structural Testing, Master Thesis, University of Auckland 2003
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Micro-Electro-Mechanical System ~
(MEMS) Accelerometers - - |
Measurement range: £2.0g
ADC: 16 bit

No of accelerometers: 49

Sampling rate: 40Hz
Test duration: 3 weeks

06 18288 @}:

Accelerometer : [JII
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Legend

. Depth less than 40 km

@ Depth between 40 km and 6% km

s i . O Depth between 70 km and 9% km
A S | {7 Depth between 100 km and 149 km
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. Depth greater than 300 km
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D I Sta n Ce : 3 50 km - : : T : - T.-'-".L-!.’-"I::" - O Magnitude greater than 7 h
Date: 3 July 2012 £33
Time: 22:36

NAPIER

Taihape = HASTINGS

www.geonet.org.nz

- WANGANLI

- PALMERSTON NORTH

Lewvin

]
MASTERTON

WA uneTon



Modal Parameters

AN

THE UNIVERSITY
OF AUCKLAND [IF==

UACEER

MPIT 3
SHRRNDEE

Test Parameters

Modal Parameters Identification Toolbox (MPIT 2.0)
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— Data &
— Decimat — ———
Hold on Refresh to file
Open Input File Decimate Order 1 0.015
| Decimate
| Calibration Factors |
0.01
— Fitter:
| Tare | | Remove Trend |
None A

| Save Processed Data | 0.005

2

— Trim Dat: &
Time Interval T4 : T2 0 1 B

8

<

Channels Range 1 2 g‘

©
-0.005

Trim Data | | Apply Fiter |

— Plot Time Domain & Frequency Domain Functi

Response PsSD
Coherence

FFT || sFFT Spectrogram
CSD |(Phase TFE || ExpW

Channel 10

Reference | 1 | WindS.| 512

-0.015
] 200
Time (Sec)

— System Identificati

Number of Medes | 30 Reference 1

— Peak Picking (PP)

Roving Accelerometers Number of Data Sets 1

V| Selected

— Freguency Domain Dec ion (FDD)

V| Selected

— Enhanced Frequency Domain Decomposition (EFDD)

V| Selected

— NEXT /ER

Selected Impact Excitation Hankel Matrix Size | 50

— Stochastic Subspace Identification (SSI)

Selected SSE dF | 1 SVD dF| 1 S0| 100 HM| 40

Input Download Limits: Freq % | 1 Damp % | 100 MAC | 0.90

‘ Calculate Modal Parameters ‘

| Save Modal Parameters |

‘ Clear Modal Data ‘

@ August 2012: Sherif Beskhyroun, The University of Auckland, Mew Zealand.




Response

at Ch. 10 (m/s2)
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Ambient vibration test results

PP FDD SSi1 SSi2
Mode Shape
Frequency (Hz) | Frequency (Hz) Frequency (Hz) Damping (%) | Frequency (Hz) | Damping (%)
Wind
First Translational (NS) 1.836 1.836 1.848 1.17 1.848 1.17
First Translational (EW) 1.719 1.719 1.730 1.00 1.730 1.00
First Torsional 2.422 2.422 2.446 1.41 2.446 1.4
Operational Use
First Translational (NS) 1.875 1.875 1.87 1.95 1.87 1.95
First Translational (EW) 1.758 1.758 1.749 1.01 1.749 1.02
First Torsional 2.461 2.461 2.444 1.77 2.444 1.77
Earthquake
First Translational (NS) 1.836 1.836 1.842 1.23 1.842 1.22
First Translational (EW) 1.719 1.719 1.725 0.97 1.725 0.97

First Torsional 2.305 2.305 2.412 1.62 2.412 1.62




Mode Shapes
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Mode Shape at Freq. 1.875 Mode Shape at Freq. 1.7188 Mode Shape at Freq. 8.125
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Mode Shapes Correlation

22 THE UNIVERSITY m
@ OF AUCKLAND :

FACULTY OF ENGINEERING [N NG i s st

MAC Values

0.96335,
0.9914,
0.97997,
0.9914...

Mode #7  F=1.8855 Hz
e Mode #8 F=2.4441 Hz

5502
551

S| Method Pp
2l Method Sl Method

Sl Method

MAC values for 1% translational mode (NS) MAC values for 1%t torsional modes
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Comparison of Modal

Discussion

Ambient vibration test

PP FDD SSi1 SSI2

Mode Shape

Frequency (Hz) | Frequency (Hz) Frequency (Hz) Damping (%) | Frequency (Hz) | Damping (%)

Earthquake

First Torsional 2.305 2.305 2.412 1.62 2.412 -

Force vibration test

Level of excitation
Mode Shape 10kg 20kg 40kg

Frequency (Hz) Damping (%) Frequency (Hz) Damping (%) Frequency (Hz) Damping (%)
First Translational (NS) 1.911 1.525 1.9 1.556 1.88 1.707

First Torsional 2.48 1.394 2.463 1.466 2.447 -

*Jin Hee Lee, Assessment of Modal Damping From Full Scale Structural Testing, Master Thesis, University of Auckland 2003



FEM Model
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First translational mode (NS)
1.803 Hz (1.836 Hz)

¥

First torsional mode
2.5 Hz (2.461 Hz)

SAP2000 model

et

First translational mode (EW)
1.681 Hz (1.719 Hz)

VIVRERRTY

SAP2000 model
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Conclusions
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e Ambient vibration tests have proved that a small force
can be used effectively to get the global modes of
vibration.

 Very good correlation was observed between modal
parameters from forced and ambient vibrations tests.

e Low cost MEMS accelerometers were successfully
utilised to measure very small response amplitudes.
The recorded data produced accurate estimates of the
modal parameters.
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