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ABSTRACT: Dynamic shear modulus and damping ratio determina-
tion from random loading tests on dry Monterey and Ottawa sandsina
resonant column device, in addition to sinusoidal loading, are pre-
sented. In the random excitation test, white noise was used to excite the
specimens, and the responses of the specimens were analyzed by the
random decrement technique. Using a sine-wave generator, the dy-
namic soil properties were also determined by the conventional tech-
nique. The results obtained indicated a good agreement between the
modulus and damping obtained from the application of sinusoidal or
random loading. It was concluded that the relationship of shear modu-
lus and damping ratio with shear strain amplitude is independent of
random or sinusoidal forcing functions within the range of variables
tested.

KEYWORDS: sands, cohesionless soils, damping, random loading,
shear moduius, resonant column, random decrement technique, loga-
rithmic decrement :

The two primary dynamic soil properties for dynamic analysis
are the shear modulus and the damping characteristics (damping
ratio, logarithmic decrement, and so forth). Dynamic shear mod-
uli are presently determined using laboratory techniques and in
situ tests. The soil damping properties for use in response calcula-
tions are presently determined using only laboratory techniques, as
there is as yet no test for determining usable data in situ. Since no
field tests are readily available to.determine damping, the correla-
tion between in situ and laboratory values is one of the areas in
which data are lacking.

A difficulty in the field testing of damping is in the extracting of
damping from the response signal of soil deposits subjected to ran-
dom loading. This difficulty in analyzing random response is over-
come by the use of a method called “‘random decrement tech-.
nique.” In this technique, the random vibration responses are
ensemble averaged to form a signature that is representative of the
free-vibration decay curve from which damping and frequency can
be identified. That is, damping values for random loading are cal-
culated by the logarithmic decrement method as in the case of si-
nusoidal loading. Thus, the two primary dynamic soil properties
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could be determined by the random decrement technique either in

the laboratory or by field testing. e s
The objective of this study is twofold: to determine the dynamic

soil properties from both sinusoidal and random vibrations and to

" compare the results. This is important because almost all labora- ’

tory testing utilizes the type of force excitation, namely, sinusoidal
loading, though loading such as earthquake loading is of a random
nature. Thus, for the measured laboratory value of modulus and
damping to be consistent with those occurring in the field during

‘earthquakes, random loading should be used in laboratory testing.

Secondly, the objective is to determine the feasibility of the use of
the random decrement technique for the determination of the
damping characteristics and the natural frequency of soil speci-
mens in the laboratory. Such a determination will lead to a credible

‘application of the random decrement technique for specimens in

the field. . o
To accomplish the above objectives, a comprehensive testing
program covering a wide range of variables was carried out. The
damping and shear modulus were calculated for sinusoidal and
random vibrations, and the results from both loadings were com-
pared.
In this paper a description of the random decrement method and

its verification utilizing the resonant column test for an aluminum- -

rod is presented. The method of testing soil specimens subjected to

.random loading is presented and factors influencing the results,
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such as filtering, are discussed. Finally an example of the data ob-
tained is included. R ) :

The first conclusion of this study is that the results of the experi-
mental program showed a good agreement between the modulus
and damping obtained from the application of sinusoidal or ran-
dom loading. That is, the dynamic properties of dry cohesionless
soil were not influenced by the type of loading applied within the
range of variables tested. Second, the good agreement obtained
leads to the conclusion that the random decrement method is a fea-
sible technique for extracting dynamic properties of soils subjected
to random loading in the laboratory or in the field.

Random Decrement Technique

The random decrement (randomdec) technique was developed
by Henry Cole for the measurement of damping and for the detec-
tion of structural deterioration of airplane wings subjected to wind
flutter excitation [J,2]. Other applications have been studied by
various other authors [3-7]. '

The random decrement technique is a fast-converging method
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for extracting information from random data. In this process seg-
ments of the random vibration response of a transducer placed on
an object subjected to random excitation are ensemble averaged to
form a signature that is representative of the free-vibration decay
curve of the structure. This signature can be used to measure
damping or to detect incipient failures. The method is particularly
useful in field measurements because excitation is provided natu-
rally by such random inputs as acoustic noise, fluid flow, wind,
and so forth. ‘

The random decrement technique assumes that the random re-
sponse of a damped structure is composed of two parts: a determi-
nistic part (impulse or step function or both) and a random part.
By averaging enough segments of the same random response, the
random part will average out, leaving the deterministic part. It can
be shown that by proper digital processing, the deterministic part
that remains is the free-decay response from which the damping
can be measured. Hence, the random decrement technique uses
the free decay responses of a system under random loading to iden-
tify its vibration parameters, namely, frequencies and damping.

The following is a brief explanation of the principles of the ran-
dom decrement technique. A more extensive mathematical deriva-
tion was developed by Reed [8]. :

The response x (¢) of a linear system is governed by the following
basic equation o

ﬁu‘c’(t) +ex(t) + kx(®) = f(0) ey

where

x(t), x(1), and %(z) = the displacement, velocity, and accelera-
tion, respectively,
m, ¢, and k = the mass, damping, and stiffness, respec-
’ tively, and
f() = the excitation force.

The solution of this differential equation depends on its initial con-
ditions and the excitation force f(¢). Since for linear systems the
superposition law applies, the response can be decomposed into
three parts: response caused by initial displacement x,(t), re-
sponse caused by initial velocity x, (£), and finally response caused
by the forcing function xf(t). i

The random decrement technique consists of dividing 2 record

of length ; of the system response (this could be velocity, accelera-
tion, or displacement, and so forth versus time) into N equal length
segments 7 possibly overlapping as shown in Fig. 1 in the following
manner: the starting time ¢; of each segment is selected such that

x(t)

FIG. 1—Extraction of the equal length segments.
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each begins at a selected amplitude, that is, x;(¢;) = x; = constant,
and the slope x;(;) alternates between positive and negative, that
is, half the segments have an initial positive slope,-and the other
half have an initial negative slope. These segments are then ensem-
ble averaged and represented mathematically as h

5(r) = 1/N ~§1 X+ 7 @

x(t) = x5, i = 1,2, 3, and so forth,
x i =1, 3,5, and so forth, and
xi(t) = 0,i =2, 4, 6, and so forth.

The function &§(z) is called the random decrement signature and .

is defined only in time interval 0 < 7 < 7;. The meaning of the
random decrement signature can now be determined. As shown in

Fig. 2, if the parts caused by initial velocity are averaged, they can-

cel out because the positive and negative initial slopes are taken
alternately and their distribution is random. Furthermore, if the
parts caused by the excitation are averaged, they also vanish be-
cause, by definition, the excitation is random. Finally, only the

parts caused by initial displacement are left, and their average is

the random decrgment signature, which for a linear single degree
of freedom system represents the free-vibration decay curve of the
system caused by an initial displacement, which corresponds to the
initial value (bias level) x;.

The starting value x; can be arbitrarily chosen. The freedom to
select the initial value (bias level) is one of the main advantages of
the method. If the record is nonstationary and contains periods of
low-level vibration in which the signal to noise ratio is very low, the
initial amplitude can be chosen above this level, and the low-ampli-
tude portion of the record is disregarded.

In practice, the technique is implemented on a computer by con-
verting each segment into digital form and adding it to the previous

Total Response due  Response due Forcing
response = to initial + to initial + function
displocement  velocity
X Xd Xy X¢

F{%}%ﬂ\;‘r “;‘Wr + W" :Rﬁﬁﬁq"r

FIG. 2-Principles of random decrement technique.







