DYNAMIC SOIL PROPERTIES FROM
SINUSOIDAL AND RANDOM VIBRATION

H. Al-Sanad (I)
M. 8. Aggour (II)
Presenting Author: M.S. Aggour

SUMMARY

The two primary dynamic soil properties, namely shear modulus and damp-
ing, of dry sund were evaluated in a resonant column device using random
vibrations in addition to conventional sinusoidal vibrations. In the random
excitation test, white noise was used to excite the specimens and the re-
sponses of the specimens were analyzed by the random decrement technique.

The results obtained indicated a good apreement between the modulus and
dumping obtained from the application of sinusoidal or random loading. How-
ever in using o bund limited white noise to simulate the impulsive type load-
irgs used in fleld testing of soil, it was found that the damping values ob-
tained by the random decrement technique inereased as the frequency band width
decreased, whereas the shear modulus was not affected by the type of loading
ued.

LIRODUCT LON

The two primary dynamic soil properties for dynamic analysis are shear
modulus and domping values.  Dynamic shear modull are presently determined
using Laboratory techniques and in situ tests. The soll damplng properties
for use in regponse ealeulations are precsently determined using only labora-
tory techniques, as there 1o an yeb no test for determining usable data in
sltu. Since no field tests are readily available to determine damping, the
correlation between in situ and leboratory values is one of the areas in which
data are lackling.

For in situ testing, the method consists of' a sipnal generating energy
source st the ground surface or at a depth, and at some distance from the
energy source the soll deposit is instrumented to detect the motlon at vari-
ous elevations and locations abt the site (Ref. 1). In peneral, the energy for
the testing program lo generated through a number of relatively simple systems
sueh as s hammer striking a plate or a steel post. This signal generating
gystem Imparts a suitable quantity of energy to the soil. However, the im-
pulse energy imparted to the soil does not have the same frequency content in
comparison to random loading (white noise).

The objective of this work was twofold; first to determine the dynamic
goll properties from both sinusoidal and random vibrations and to compare the
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restilta.  This is bmgortant beesusse almost all laboratory testing
the sume type of Poree exclitation, nomely simuseldol losding, thouwg
such s earthouake loadings 1o of o pandom neture.  Thus, Por the

baboratbory value of modulus and damping o be connictent with those oeeurrl
in bhe field durimg earthouakes, random londing should be uzsed in i

teut ing,  This objeetive way secompl tohed by pertorming o aompreben
L program covering o wide  ronge of vorlables. The damping nod g

enlewlnted Por both siousoeldal and esndom vibreat lons over o wide range of
straing.  Varisableo consldered woere the conflining pressure, density stnte,
grodn wlice ared stendn history., The daba from the experimental

aopoad agreement belween the modulus and dampling obtained Trom nppd tentlon
af simsoldal or random losding.  That is, the dyopanle properbies of dey cos
hesionless sell were not influenced by the type of loading applisd {(Bef'. 2, 3)
withiln the range of varisbles tested.
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The second obeelive was to assure bhal extrapolation technloues
ferent Cield test data are correet, and to determline the reiatlonah! :
laboratory determined properties bear to the Meld values the effeot of the
Pregueney content of Lhe execitlng random Poree on the dynamic soil propertles
wag studled,  The resulte of this study are presented in this paper.  To nnoe
lyge the random response of & soll sample sublected to randonm loading the Han-
dom Deoremsnt Technigue was used. The effeed of the variation o!f the reguestie
ey content of the random loading to slmilate the Impulsoive bLype loading w
in Meld testing of poil was consldered by possing bthe random sl
a filter before conneeting 1t to the drive syotem, By varylng the cut-nff
frequency of She bandpass Cllber; 0 wes Foursd that dampling valuen obie
talped by the rendom decrement technigue ineressed ag the eul-of? {regquency
deerensed. However Lhe shesr modulus was not salTecteod.

METHOL OF ANALYGIS

The random deorement technique was ubilized in the analysis of the ran~
dom responge of the soll samplews. In this teehnlgus the random vibrabtlon ree
sponses are engemble aversged to form o slgnature theb is representabive of
the free vibratlon decay curve from which damping and frequeney csn be identle
fied. That is, damping values for random leading are csloulated by the logs-
pithmie decrement method as in the esse of sinuscidal loading. The rendom de-
erement technique was developed by Henry Cole for the measurement of damping
and for the detection of structural deterlvrstion of alvplane wings sublected
to wind flutter exeitation (Ref. L,5). It assumes that the random response of
a damped structure is composed of two paprts: o determindetic part (lmpulse
wnd/or step fupction), and a randowm part. By aversging encugh sampies of the
pame random response, the random part will average out, leaving the determins
istie part. It can be shown that by proper digltal processing the detersio-
istie part that remsing is the free decsy response frow which the damping onn
be measured. Hence, the random decrement technigue usges the [ree decsy o
sponses of 4 system under random losding to ldentify its vibration parameters,
?amﬁiyéfr§qu@ngi&ﬁ and damping. A mathmaticel devivatlon was later developsd
Rel. °‘,’7 “ :

7

In general, linesy systems have many degress of fresdom srgd the algngs
ture iz 8 combination of modesn, thus in multl-mode problemse, the response ra-
cords are bandpasg Tiltered teo isoleste different frequency bandwidthe and
damping values are then ealouleted for sach wode. To seb the lov and high
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pass frequencies of the filter, the power spectral density was determined to
define the system's resonant frequency, knowledge of which enabled one to
choose the low and high pass frequencies.

EXPERIMENTAL PROCEDURE

The determination of dynamic characteristics of soils can be obtained by
a variety of laboratory testing equipment. The most widely used equipment are
cycelic triaxial shear, cyclic simple shear, cyclic torsional shear, and the
resonant column device. The resonant column method is a relatively nondes-
tructive test, and was used in this study. The resonant column test procedure,
apparatus description, and damping measurements can be found in Hardin (Ref.
8) and Drnevich, et al. (Ref. 9). In this study, the logarithmic decrement
method was used in evaluating damping for sinusoidal loading because it uti-
lizes the free vibration decay curve from which damping can be measured. The
reason for using this method is that the random decrement method results in
a signature that is the free decay curve from which damping is also calculated
using the logarithmic decrement method.

For the sinusoldal loading test, the input signal was generated by a
variable frequency sine wave oscillator. For the random vibration test, the
excitation was provided by a random wave generator. The output of the ran-
dom wave generator (white noise generator) was passed through a bandpass
filter, then connected to the drive coils via a power amplifier. Response
was recorded on a magnetic tape with an FM tape recorder. A schematic of the
Drnevich-type resonant column device used in this test program is shown in
Fig. 1.

Random Loading Test

After construction of the sample and assembly of the apparatus, the ran-
dom vibration wag filrst applied by connecting the white nolse generator to
the driving coils. The amplitude of the response vibration was adjusted to a
predetermined value of acceleration that was read on the multimeter. At each
regponse level, the exclting force was also measured on the multimeter in
terms of millivolts. The response signals at each level were recorded on the
magnetic tapes. The recorded response signal was passed through a bandpass
filter, then through a signal amplifier before it was fed into a micro-com=-
puter for discretization and digitization. The computer analysis was con~
tinued until 1000 segments or more had been ensemble averaged resulting in s
random decrement signature.

Random Loading with a Band Limited Frequency Content

The effect of the frequency content (band limited white noise) of the
exciting force was studied by passing the exciting random noise from the
vhite noise generator through a low pass filter eliminating all frequenciles
above a certain limit. This limlt is referred to as the cut-off frequency.
The cut-off frequencies used in this study were 50, 200, 1000 and 2000 Hz and
the high pass frequency was set at zero. The power spectral density of such
exciting forces when an ideal filter is used is wniform from zero to the cut-
off frequency, and zero afterward. Fig. 2 shows the time history and power
spectral denslty of one of the exciting forces, and shows that the filter did
not have a sharp cut-off frequency like an ideal filter. During testing it
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was found that to obtain the same root mean square (RMS) of the output tor il
loading types required the input EMS to be modified sliphtly depcnding on the
cut-off frequency used. The band limited white noise sipnal wus thoen con-
nected to the driving coils of the apparatus and the testing followst the
same procedure as for the random loading test.

Sinusoidal Loading Test

By disconnecting the random wave gencrator and conneebing the alne woave
oscillator, sinusoidal torques were applied to the soll snmple. To sccompiish
response at the predetermined response levels, the Tollowing procedures were
followed. The output level on the sine wave gencrator was incrensed until n
response was read on the multimeter. Then the frequency on the sine wnve
generator was adjusted until the first mode natural frequency wes obbadinet by
observing the Lissajous figure formed on the oscilloscope. To nccompllioh ros
sonance at the predetermined response levels, it was necessary to saidjust Lhe
output level and frequency simultaneously. Both excitation lInputl and re=
sponse output were read on the voltmeter and the resonant fregquency wing rend
on the frequency meter. Damping was determined by turning off the driving
power at resonance and recording the decaying vibrations. The deenyed wive
was recorded on & magnetic tape, then fed into a microcomputer lor discreti=
zation and digitization.

EXPERIMENTAL PROGRAM

Monterey #0 sands were used in the resonant column device in this in=
vestigation. This sand was chosen because its dynnmle properties have been
studied by other researchers (used in the Round Robin Testing Program, ASTM)
thus the results can be verified and compared. The test samplen were 3,53 om
in diameter and 8.0 em long. Two methods were used for sample preparation.
For a dense condition the specimen was constructed by pouring the sand in
layers and tamping. For a loose condition the specimen was obtalned by pours
ing the sand through a funnel. The minimum and maximum vold ratios obtalned
in this study were 0.59 and 0.69, respectively.

Several series of dynamic tests were performed. The confining pressure
varied from 103 to 241 kPa and the vold ratio corresponded to both the denss
and loose condition. In all of the test series, the magnitude of shenr strain
was varied from approximately 1.5%10-3 percent to b x 10=2 percent to study
the effect of shear strain amplitude on the dynamic propertles of the soll.
Details of the testing program are presented in Ref. 2 .

The straln calculations for samples subjected to slnusoldal loanding fole
lowed the same procedure presented by Drnevich et al. (Hef, 9), which utilized
the root mean square (RMS) of the specimen response in the ecaleulation of the
strain. To compare the results obtained from the sinusoidal execitation with
those from the random excitation test it was necessary to first determine the
strain induced in a soil specimen due to applied random losding so that the
dynamic properties could be compared at the same strain level, Since the
random decrement technique transforms the random response of a system into the
system free vibration response, and since the RME of the response of both
vibration types were forced to be the same, we used the same technique used in
the calculation of the sinusoidal loading to spproximately calculate the
strain for the random loading. This strain was termed the equivalent strain.
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The Justiflcation of the use of the equivalent strain is presented in Ref.
3. At each strain level damping was calculated by the random decrement
mebhod wien Lhe rondom excitation was applled and by the logarithmic decre-

ment method when the sinucoldal excitation was applied.

For the purpose of Limiting the size of the paper only an example of
Fhe dabo obtooed 1o presented. Detailled results are presented by Al-Sanad
(Ret. &) To sbudy the effect ol the frequency content of the exciting
Porae on bhe dynamic soil propertics Ples. 3 oand b oare presented. Fipg. 3
ahiows bthol na bhe cub=orf frequency loneressed the damping values of random
vibrations approsched the danpins values of the sinusoidal loadings. The
b P Prequency did nol chow an elf'eet on the shear modulug values. This
fo shown in Fip. b owhere bhe vadaes Prom vandom losding did not differ sip-
piffiesroly Prom the values Pram the sinusoidal loadings.

EVALUATLION AND DIGCUSSION

Phe dynmmic properties of Monterey #0 suand were studied wsing random
londldng in the resonant column device and the resulty were compared with
Loy properbion obbalned ueing sinusoidsl Losdirg.  The duamping of the
shnusoldal losding was enleulated Prom the free vibeatlon decay using the
fopmeithmie decrement method,  Olmilarly the damping of the random loading
wiao enleulated from the random decroment signature using the logorithmic de-
prement method.  The shear modulue was caleulated using the regonant ree-
sgucney Urom Lhe resonasnee conditlon when o sinusoidal vibratlon was appliled
apd Prom the power spectral density or radom decroement sipnature when a
roandom vibratlon was applied.  These frequencles along with response (KMS)
wore uoed in comput b otrealn for sinusoldal leading and equivalent strain
for pandom Jomding.

The values of Lhe resonunt Crequency, damplog eatio and shesr modulus
enloulated for the random loading showed pood aprecment with those values of
the sinusoldnl loading over o ranpe of stralos from 1.9 x 1073 to b x 102 pere
cent,  The good sgreement obtulned led to the conclusion that the dynamic
properties of gand are not influenced by the type of lomding used.

When the effect of different cut-off fregquencies was investligated, the
results showed that the higher the frequency content of the execlting load
the eloser was the sgreement of the damping ratios from bobh the sinusoidal
snd pandom loading.  Thus, the exelting forces currently in use Iln fleld
tegting of zolls will indicate higher damping values thun If sinusoidal load-
ing s used. Aggour, et al. (Ref. 10) showed values of damping obtalned
from fleld testing that were higher than would have been expeected. That ls,
rield testing should be corrected to obtein damping lor white noise exclba-
tion uniess the leld londing used itself ls a white nplse. The cut-off fre-
quencies meanwnile, showed a sllight influence on the shewr modulus.

CONCLUBION

The experimental progeam showed n good agreement between the modulus
and demping obtained Trom the application of elther sinusoidel or random
londing. That 1lg, the dynamliec propertles of dry eoheslonless soll were not
influenced by the type of loading applied within the range of veriables
tested. However the use of & band limited white nolse influenced the
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damping values calculated by the random decrement technique but not the shear
modulus.

10.
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Fig. 1. Schematic Diagram of the Resonant Column Electronics
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Fig. 2. Excitation Time History and Power Spectral Density with
Cut=-0ff Frequency of 200 Hz
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