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Introduction

The vibration generated by machinery and transmitted to building
structures is sometimes a cause for concern. Unacceptable noise
and vibration levels and occasionally even structural damage can
occur, particurlarly in modern light weight structures. 1In
order to reduce vibration transmission the designer requires
information about the nature of the excitation and the dynamic
characteristics of both the machine and building structure.

A parameter that controls the ' resonance response level and
therefore has a great influence ‘on vibration transmission is
structural damping. Although various articles on damping
mechanisms in built up structures have been published feg 1, 2
3) it is still very difficult to quantitatively estimate the
amount of damping present in a structure at the design stage.
Numerous practical investigations of building vibration charac-
teristics have been reported and some of these contain data on
damping in long span floors [4] and walls [51],

The object of this investigation was to obtain data on point
mobility (velecity/force ratio) and total loss factor for some
common types of floor, particularly in workshops where there
were machine tools and other eguipment standing on the floor.
For comparison, a free concrete slab (floor 1}, a newly con-
structed, unfurnished coffice building (floor 4), and an experi-
mental floating floor (floor 1l1) were also measured.,

Measurement method

Choice of measurement method was based on simplicity, transport-
ability, and not least availability of instrumentation. An
electrodynamic vibration exciter was coupled to a force trans-
ducer positioned on the floor and an accelerometer was placed

as close to the excitation point as possible. The upper fre-
quency limit for point mobility measurement was therefore

governed by the transducer separation, and was typically about
2000 Hz.

For heavy floors, with a surface weight of over 100 kg/mz, a
specially medified vibration exciter was used, This had a

reinforced suspension system that could support a static load
equal to its own mass of 25 kg. The exciter was positioned
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upside down standing with itsjown weight loading the force
transducer against the floor. | A special non-magnetic guide held
the exciter in a vertical position without affecting its motion.

For light floors, under 100 kg/mz, the force trancducer was
screwed to the floor and an unmodified exciter suspended above it.
This arrangement was used in order to reduce the effects of mass
loading at the excitation point.

The floors were excited with band pass filtered white noise in
three bands up to 1600 Hz, Force and acceleration signals were
recorded for about & points on each floor. An FFT analyser was
used to evaluate point mobility and estimate average loss factor
for the major resonances within each freguency band.

When resonance peaks were not visible in the mobility diagrams

the damping was determined by stopping the excitation suddenly

and measuring reverberation time from the decaving floor accelera-
tion level. When the decay time was short a FM taperecorder was
used for time transposition.

Measurement accuracy

The accuracy of damping estimated from resonances in the mobility
diagrams depends on frequency resoclution, digital analvsis crrors,
and measurement system errors. The probable error based on the
standard deviation of measurements at several peints on each floor
was + 10%. Repeatability of results measured independently at the
same point on the same floor lay well within the limits described
in ISC standard 140/1I-1978 (E).

The accuracy of damping measured from decay time is largely
governed by interpretation of the decay curve and speed varia-
tions in the taperecorder. For a typical reverberation time of
1 second this gives on error of + 15%. For very lightly damped
floors (n< 0.01) the less factor may be overestimated due to
damping asscociated with the exciter.

Classification of floor types and results

The classification is primarily made with respect to material
and surface weight, and is shown together with the results in
Table 1. Loss factor shows large variations from 0.01 to 0.6
depending on frequency, floor type and construction. At low
fregquency (under 30 Hz) the.damping appears to be most dependent
on the boundary conditions. Floors with loose connections aleng
the edges or along the supporting beams had the largest loss
factors. At higher frequency (over 50 Hz), floors with surface
damping (eg concrete on hardcore, or chipboard on mineral wool)
had the largest loss factors. The concrete floors with free
spans in general had the lowest loss factors, and the concrete
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slabs on the ground and wooden floors on average had 2-3 times
more damping.
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HEAVY FLOORS (> 100 kg.’mzj Thickness Floor construction Loss factor n, in frequency bands

RN B P I

Concrete, on a [rce span slab, point supported an carners 0.026 0.026 D.015*

£loor cast onto walls 0,090
floer and walls east together 0.14" 0.031* 0.009"

gitdere, cotumns & floor cast

-
together 0.16 0.082

Concrete, over a beam Q.086 0.094

Conerets, aver a column 9.046

Cenerete, an the ground 10 em slab & 3 em serecd on 30 em

hacdeore 0.10 ©.38

1¢ c¢m glab & 3 em screed on 20 cm

b4 *
hnrdcore 0-3 0.14

Floating concrete floor 4 tm slab en 3 cm polystyrene :0.64" 0.087*
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LLGHT FLOORS {2 100 kglmz Thickneas floor tongttuction Loss factar mn, in frequency bands
5=50_Hz 50-400 Hz 400=1600 Hz
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Waad floor en beams 131/ boards on 2" % 5" beams on brick

. Q.29* 0.11" 0.058*
pillars

. i " W am iar
Wood floer on joists 11/4 boards on 2"x 3" joists on concrete| 5 g 0.13% 0.051*
clerents '

1 174" hanrds on 2" x 3" joists cn concrete

.
siah 0.23* 0.047" 0.013

Flaating woaden fleer 22 om chipbonrd on 3 ¢m minaralwool on

* -
wood floor 0.21 D.4D .

Table 1. Loss factor measured for some floor constructions.
Results are the average for several measurement points on
each floor,

(* measured using reverberation time)




