Q1

a)  To have confidence in the identified natural frequencies, the wind must be sufficiently broadband to
excite the three modes to a measurable response level. There must also be no additional excitation with
frequency content that may be confused with the natural frequencies (e.g. machinery running in the building
or vehicles on a nearby road). [2]

Such measurements are unsuitable for measuring the mode shapes because no measurements of the excitation
force are made. Only the operating shapes of the building may be identified. [2]

b)  This is the familiar building model from Part I. The anticipated mode shapes are:

— — — FIOOI‘ 3
— — — Floor 2
- — — Floor1

Mode1 Mode2 Mode3

2]

The phases of the floor responses [Floor 1 Floor 2 Floor 3] are: [+ + +], Mode 1; [+ + -], Mode 2; and

[+ - +], Mode 3. Hence, for each floor in turn, accounting for the sign changes between the modal
contributions, the FRFs are as follows.

Floor 1

Driving point response, Hii

No sign changes .: anti-resonances between all peaks

Magnitude [dB ref. 1 m/s?/N]

[3]
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Frequency [Hz]

Floor 2
Transfer function, Ha;

Sign change between second and third modes .: one anti-resonance
between the second and third peaks

Magnitude [dB ref. 1 m/s?/N]
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Frequency [Hz]

Floor 3
Transfer function, H3;

Signs alternate between modes .: no anti-resonances

Magnitude [dB ref. 1 m/sle]
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Full marks are obtained by correctly labelling the axes, sketching the low-frequency form and accounting for
anti-resonances between resonance peaks. The relative amplitudes are not expected.

b) Mode 1
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The response is measured on the top floor. Modes 1 and 3 therefore involve responses that are in-phase with
the excitation, hence circles on the positive imaginary axis. Mode 2 involves an out-of-phase response, hence
a circle on the negative imaginary axis.

Full marks are obtained by correctly labelling and positioning the circles on the imaginary axis. The relative
amplitudes are not expected. [3]

C) (1) The hammer must impart sufficient frequency content to excite all three modes. Mode 3 lies at
15.4 Hz so aim to excite up to, say, 20 Hz.

Hammer concentrates energy up to ~2Q, () = / K / M > With Q=10 Hz
. K=0?°M = (2m.10)2.5 ~ 20 kN/m
[3]

(i1) Even if the required frequency content is achieved, the level of excitation from such a small
hammer is unlikely to be sufficient given the mass and damping of a real building.

The only alternative is a large shaker, which might just provide sufficient excitation force, but even
this is unlikely. The only option may be the operational modal analysis conducted initially! [3]
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