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Introduction

The influence of the non-dimensional mass-damping parameter k
upon the dynamic response of structures to vortex excitatlion is
well known. In fact it 1s now falirly well astablished that for
structures such as chimneys the response to vortex-induced vibrab—
ion depends inversely on the magnitude of k_. With k_ = 2m /pD
it is suggested that a value of 25 is an apBropriate finimum for
chimney design. What 1s now required in the design of chimneys
is more information on evaluating structural damping. To this
end the prasant paper is concerned with the analysis of a chimnay-
damping layer-soll-foundation system. Previocus ad hoc experi-
ments (1) had suggested that the potential for significantly inc-
reasing the low-frequency damping level with an elastomeric
damping layer was conslderable and this concept is more fully -
?xamined here. A fuller description of the work may be found in
2).

Formulation of the Structural Response Problem

For the purpose of the present analysls it is convenient to con-
sider the sktructural system shown in Figure 1 to be composed of
three subsystems; namely the x

chimney, the damplng layer at

the base of the chimney and F
the foundation-soil structure.
A constant parameter, linear
model 15 developed for each of Uniform
these subsystems which are then Beam
1inked together in a receptance =l 1
analysis. Steady-state res-
ponses to a harmonic force

applied at the tip of the chlim- Damping
ney are determined at various Lavar.
points in the coupled system. Embedded - Gl

Continuum models are used for
both the structure and the
scll.

Foundation
Half-space

The principal physical assump-
tions made in the analysis are Figure 1 . Physical Model
that: (1) the chimney behaves.

as a uniformly damped constant cross-section beam; (2) the eff-
ects of shear deformation, rotary inertla and gravity forces on
the transverse vibration of- the chimney can be neglected; (3
the damping layer is a massless, linear visco-elastic element;
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(4) the foundation block 1s a rigid body whose only significant
motions are horlzontal translation and rocking in a vertical plane,
and (5) frictional lesses in the soll are small compared to radiat-
ion losses and can be neglected.

The receptance model of the system consists simply of three sub- |
systems each linked by two generalized co-crdinates which are the

horizontal translatlions and the rotations at the points of connect- i
ion. It is easily shown that the force vector at the base of the .
chimney 1s glven by

-1 .
Fpo = ~Boe * X+ 8) B4Ry, (1) .
and that the tlp response has the form

-1
Yoi = [Bs ~B410%B00 + X+ 8 A1) Ty (2)

|
l
In these equations 4, ¥, B are the appropriate receptances of the |
chimney, the damping layer and the soil-foundation system respect- |
ively; the subscripts 1 and o refer to tip and base co-ordinates }
on tha chimney. The 1,1 element of the receptance matrix ln equat- |
ion (2) denoted o 17 relates tip deflections to the external force
F, Once the forc& vector F is known motlons in other parts of
the system are readily fodﬁﬂ? Knowledge of these forces and mot-— |
ions allows the fractlon of the input power dissipated in each sub-
system to be calculated from the algebralc sum of the power flows
at its N connection co-ordinates with other sub-systems.
|
|
I
1

The elemants of the matrix are complex versions of the free-free
beam receptances tabulated In (3). The equatlons of motion for a
rigld foundatlion ambadded in a slde layer and resting on an elast-
ic half-space have been developed by Beredugo and Novak (4) and
these equatlons were used to determine the elements of the matrix

The elements of the matrix ¥ are the flexibilities in translation
and rotatien of the damping layer-restraining mechanlsm. To be
affactive the damping layer must introduce a certaln degree of
flexibility between the chimney and its foundation. The necessary
flexibility can only be achieved if the hold-down bolts are isola-
ted from the chimney base plate by small pads of damping material.
These isolating pads hava a relatively small effect Iin comparlson
with the main damping layer on the total rotational and translat-
ional stiffnesses of the insert and hence the principal dynamic
effacts are thosa due to the main layer.

The results presentad. in thls section showlow the system damping

lavel is affected b{ first of all, radiation damping in the soll
and then by the add Lion of a resiiient damping layer at the base

of the chimney. 1In the calculatlons chimneys with heights of 20m,

Numerical Results
50m and 100m have been considered. The dimensions of ths chimneys
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apd their foundatlons are suitable for design wind speeds up to

45m/s in accord with the relevant British Standards and Codes of
Practice. The foundations were assumed to be fully esmbeddad and a
single set of soll parameters appropriate to a madium strength soll

with a corresponding shear wave velocity of ¢ = 200m/s has been

used. The chimney damping level has been assumed b have a value of

8 = .01 independent of frequency, thiszvaluq belng suitable for
ufilined steel shells. The value of 2m/eD° was approximately 300

for each chimney. It 1s recognised that tall chimneys usually have
slightly tapered cross-sections made from material that becomes
progressively thinner towards the top. Also many-.tall chimneys are

of multi-flue design, and obviously the dynamlc response of such
chimneys will differ somewhat from those studied here. One would

not however expect such differences to alter the essentlial conclus-
ions reached in the study. N
In Figure 2 the normalized tip receptance 1s shown as a function of

the frequency parameter Al for the 20m chimney, the results for the
taller chimneys being esséntially the same. The four peaks on the

curve correspond to the
lowest four beam modes of
the chimney; the cantilever LOG1@
frequencies are denoted by 3
the arrows marked f,€, etc:
If the soil-foundation
structure were completely
rigid the resonance peaks
would all have nearly the
same amplitude, it being
approximately 400 for the
value of damping assumed.

As may be seen from the
figure the fundamental
mode peak has about this
amplitude while the higher
modes have peaks which are
somewhat reduced in amp-
lituda. This increase in
the apparent damping lavel
of the chimney is due to

radiation damping in the

Flqure 2 Normalised Tip Raceptance of
soil, The receptances of —9—1— —_ -
the soil-foundation sub— 20m chimney Without (=) and with (=9

the Added Damping Layer. The Damping
3ystem were found to be Iayer has a Stiffness Ratio of,«}pn 23
ery heavily damped both 4 L Fact £ 18
in translation and rotat- 379 @ Loss Factor of g = .18,
ion due in large measure to the presence of the side laver. It?
undamged natural frequencies are indicated by arrows labelled f
and £ on Figure 2. In the frequency range around f f and £ ftﬁe
high gampinq forces have a beneficlal effect on the }himney ges-
ponse. However, it does not appear practicable to take advantage
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of this effect in the frequency range encompassing the fundamental
modas of steel chimneys.

The response with a sultable damping layer is shown by the dotted
curvas in Figure 2. Computations of the power dlsslpated in each
subsystem show that nearly all of the low-frequency vibratory ener-
gy is dissipated in the damping layer in contrast to the situation
without the laver where most of the energyis dissipated in the
chimney. In order for tha damping layer to work 1t must be suffic-
" iently flexible, rotational flexibility being more important than
translational flexibility. Clearly there is a lower limit on the
degree of support flexibility that can be tolerated without impair-
ing structural stabllity. It would appear that the useful range of
rotatlional stiffnesses 1s approximately 10 <J“T £ 50 depending on
the damping layer loss factor where & _ is the rotatlonal stiffness
of the damping layer, divided by EI/1 of the chimney. Curves showing
tha increase in first mode damping as a function of M, are easlly
computed and these Llndicate that for the chimneys considered it
would be practical to introduce enough additional damping to satls-
fy the k_% 25 criterion.
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