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Proceedings: Second Intemational Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil Dynamics,
March 11-15, 1991 St. Louis, Missouri, Paper No. 11.27

Dynamic Characteristics of Soils in Calculation of Vibrations of
Foundations for Machines with Periodical, Pulse and Random
Loads

Vadim M. Platesky
Cand.Techn.Scs., Head of Department for Dynamics, Leningradsky
Promstroyproekt, Leningrad, USSR

SYNOFSIS: The paper deals with the results of the experimental studies performed by the author
on the foundations 0.5 , 2.4 and 25 sq.m in area under periodical, pulse and random dynamic
loads. Some formulas are given to determine dynamic characteristicse of soi1ls. Methods and
devices for field dynamic tests of soils  are described. The results of the proposed relation-
ship check are given.

At present there exists a number of <coil
base models used Ffor dynamic calculation of

foundations. Convevtionally, they can be
divided into the following groups: models
based on the hypothesis of local elastic soil
base deformation, mode ] s based on the

hypothesie of general elastic deformations and
with two other elastic characteristics.
no  need  to describe advantages and
dvantages of the familiar models but I would
like to point out that in a number of countries
designers use a model drawn on the analogy bet—
ween the system of a spring and a damper connec-—
i paraltlel and el

2] astic 1nertia half-space.
1t ie known that the properly chosen parameters
of the model r 11t in  better presentation of
vibrations of a foundation resting on elastic
inertia soil base.

If neglecting the seil base stratification,
the analog model with the influence of periodi-
cal loade can be presented with the added mass
ot s0il or without it.To choose the analog model,
we compare the results of the calculation by the
model with two parameters (rigidity, damping)
and three parameters (rigidity, damping, inertia
mass) with the results of the experimental data
o foundations 0.5, 2.0,4.0 and 235 sq.m in area.

The first foundadion, 2 2 2 m, was of cast in—
situ concrete having a form of a solid slab 400 Fig.l General view of experimental foundation 2%
mm thick. A frame of surfaced lumber was placed Sq.Mm 1N area.

in the foundation prior to concreting, which
permitted to cut off the parts of the foundation

%0 as to get a smaller foundation,i.e. 1.5 x 1.5 Table 1.

m in area. The second foundation, 5 % 8 m, was —

concreted at the same level as the first one. Experi- Fourndation Weight of (Static

The general view of the foundation is presented mental dimensions foundation|pres—

in Fig.1. founda-— o and sure
Frior to concreting the foundation & % 3 m tion in planjarea (height|vibroma- ¥ Pa

the third foundation 0.5 x 0.5 sg.m was tested m Q. m m jchine, N

at the same place. The technical characteristics

ot the experimental foundations.base soil and F~-O.5 O, 7x0.71 0.5 0.4 7.9 15.0

vibration machine placed on the foundations are

presented in Tables 1, 2 and Z.Vibration para- 1,821.81 2.28| 0.4 25.0 11.0

meters were measured by standard instruments

which were also used for measuring vertical F-4 2,082,010 4,0 0.4 42,5 10,8

amplitudes of vibrations and the phase shift

between displacement of the foundation and the | F-25 S.0x5.0] 25.0] 0.8 415.0 16,5

forces applied to it.
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Table 2. popular, described in the literature, is the
method for determination of the added mass of

Soil jLayer |Soil|Foro-|Fois—|{Deformal|Modulus soil based on the processing of the experimental
type|thick-|den—|sity {(sorn’'s|{tion of elas— data results. There are difterent ways to use
ness sity|fac— (ratio|modulus|ticity * this method. To my opinion the most advantageous

- m t/ms | tor kFa kFa result was obtained by M.N.Golubtsova 13 who
developed a method for determination of the

Hard| 5.3 1.95]0.65 Q.37 13000 BOOOO added mass of 011 by the width of the resonance
loam curve, The processing of a qreat number of the
experimental resonance curves performed by MJNMN,

* From vibrostabilometer tests Golubtsova showed that a minimum deviation of

the calculated resonance curve from the experi-

mental one could be achieved with ﬁ taken Wi

Table =. thin 1.9 - 1.% (the greatsr value corresponds to

clay, the less value corresponds to sand) . I

Name on lec-—-1Re

nge of Moment of |Vibra-— world like ta point  out for the sake of

fibro- Jtric | freguency of vibrator tor comparison that by calculation 0.J. Shehter
ma- motor | shatt rotationjdisbalan- fweight L%) obtained ﬁ within 1.046 - 1.464 and 1n  the
chine power jwith disbalan—~{cing studies performead by VAL, Ilji1chev and
X kN S e - R -
ki cing members V.G, Taranova [2] B changes within 1.59 - 1.98,
members, H Nim while M. Nowvak [43 ﬁ determined as equal to
1.6%.

s in the three-parametric model all para-

201} D—H0O O 2.9 meters are In olose relation and those proper-
ties of o1l which are ignored in determination
BHO-1 40.0 of one parameter can be presented 1in calcutation

of the other,l propose to take the added ma of
s011 o as egqual to 1.7 irrespective of soil

F shows resonance SVES ot the type. The rigidity +facto i b case can he
experimental foundation vertical vibratic determined froam  Equation:
from which it follows that the caloulated
i drawn  with reqgard t - ded C, F (1)
with three RLer are
the calculated where Cy - uniform compression factor,

ot so1l  greatly F - foundation footing area.

The mad ot the bl Fral $- shiowe

that the urlform  Compe 0 16 in

Lir 2 | the modul @f =0il

DY e SE G ;ity. I practice the static moduo-

5\/ /4 \ sl ] tian 1s usually determined
in the fisld or laboratory.

eriments d
direct t

“ibed in
ationship

the  modulu

] of elasticity ( Ey) and
ffy .m§ daeformatio [T ) whic takes
0 30 4 50 60 following form:
(S
\5 L The ; hal - ace featur
” o SN biath e nle . icity and Folis=on '«
/4 ~ ratio which chang depending on the soil type
# we follow influence f =01 ] type
{ }& the magnitude o+ the : uriiform
7 COMprE 10 in the analog  model when  changing
7 2 omoadulus 1ty tar the modielus
fﬁ; of detformsa . relationship  of
10 15 0w % X the typsa o ] factar and  determin

a loading plate which
e perfor-
laading
at ercentricity
Mmoo for  all

~aments 1ri

q w11 2 ol by

- ntal curve Fiatetsky.
calow ted curve with added me tactar 1

il and very olos i
calculated curve without added =t ive of experaiment ).  The

of so1l obhtainesd trom the analysis

The model with the added mass  of  soil Led,
studied by many =specialistes. The most
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Table 4.

Srl. |Name of
No area

Soil type

Modulus
of
deforma
tion

E .10°
kFa

Cl.104

EN/cu.m 6

1. Fremaenchug
Dneprovshky
GOk

2. Eatskany
MBS8R
Festing
ground

. Fishinev
Euilding
for
kolhoz
Soviet

4. Donetsk
Experi-
mental

base of
DFSNIIF

5. EBeltsy,
MSSR
Sanytary
Epidemic
Station

6. Kolpino
lzhovsky
plant

7. Soroky ,
MESK
Electro-
pribor
plant

8. Kishinjev
Dwelling
house

9. Eutuzowv,
MBSR

NF( buil-—
ding

10, Techasov
Yar

fine sand

fine sand

fine sand
water—

saturated

hard loam

loam

hard
plastic
s01 1

semihard

loam

semihard

loam

sandyloam

hard loam

28.0

24.0

13.0

12,0

17.0

20.0

17.0

17.1 1.1

12.4 Q.95

8. 67 1.005

11.6 1.63

8,00 0.74

8. 80 1.07

14.5

n
o
&3]

Mow, let us consider

elastis uniform

foundation footing

model of elastic
equivalent model
the square root

Beginning from
other scientists
elastic uniform

COMPression
area. Ry
half—space,

the relationship of the

factor to the
analogy with the
the rigidity of the

should change in proportion to

of the footing
the forties

area
D.D.Barkan and some

noted no agreement between the

compression

mentioned relationship.

factor and the

During the years which Jfollowed there were
many proposals made for determinati on of factor
[ .Fig. I presents the results of a great
number of experiments on the foundations of
difterent sizes processed accaording to the same
method .1t alsc shows four curves. Three of
them are drawn by the familiar methods:
models of elastic half-space (A), Vinkler-Foiht
model (B} and Filonenko-Borodich method ¢ O.A.
Savinov model) (C). The curve D is formed accor-—
ding to the experimental data proceeding from
the condition that the rootmean—-square deviation
of the approximating function from the experi-
mental values comes to a minimum.This approxi-
mating function can be written as

;/ E = 0.5+ JFw /s F 2

where

F ~ foundation footing area, m
ES— 15 sq.m

Gp,E

.

® 1 2 3 4 5 ¢ 7 8 9 0t ¢ 138 (F
Fig.3. Relationship (, /0, © to foundation
footing by different methods:

-~ half-space

=~ Vinkler-Foiht 's method
0.A.8avinov’'s method

- proposed curve

cOmD
!

In order to check the proposed relationship,
we tested two foundations of much different
sizes.A foundation 0.5 sq.m in area was tested
on the site for constructior of a foundation for
press, The characteristics of the foundation
and the vibromachine are given above. Then at
the came place there was built and tested a
foundation 384 sq.m in area. The characteristic
of so0il under the foundation footing and
the vibromachine for testing the foundaption are
given in Table S. The results of the experi-

mental determination of Oy for foundationds
0.5 m¢  and 384 m* in area and calculation by
formula (3)  as well as the comparison with

the mentioned methods are given in Table 6.
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Table 9.

Type {Soil|[De- (Foundation Foun—|Fres-|Mo-

of den— | for—-|[dimensions da- sure (ment
soil sity ma- tion |under|of
under|t/m” | tion]|in we-— foo- |[vi-
foot- mo— |[plan |height|ight |[ting |bra-
ing du— |m m kN kFa tion
lus dig—
E. 107 ba-
kFa lan—
sing
mem-
bers

Hard 2.0|17.0(16x24| 4.8 450001117.0(147.0
plas—
tic
loam
Table 6.
Name Experi- Calculated viues of
of Cg. 10% EN/cu.m
founda|mental
tion value Win— 0.A. Elastikc|By
kler Savi-—
c. 10" |Foiht 's|nov's|half~ proposed
EN/cu.m{model me-— space formula
thod (4)
Fr0.5112.10 ?.12 20,9 |28.03 15.2
I F-328410.95 [2.50 5.82 [0.90 1.7
L ! H H | ]

Cosequently, the equation for determination
of the elastic wniform compression factor may
have the following form

C,= & E w.5 +\F, 7/ F ) (4)

where b - factor ™M

A equal to ! for sand and

1.5 for loam and clay.

E - modulus of soil deformation under
the foundation footing, kFa
F, Es ~ see above.
Frior to considering the third parameter

of the model, I would like to point out that
some of the scientists paid attention to the
relationship of elastic wniform compression
or to to the value of static pressure. To
check this ,four foundations were tested, two
of an area of 0.9 sq.m each at different sites
and two 4 sq.m and Ssg.m  in area at the same
site.

The static load was applied via spring
vibreoisolators in  a manner that the vibrating
foundation mass for  all the experiments on one
foundation remained constant. The pressures
under the foundation footing were 20.0 , 30.0 ,
40,0 , 6H0.0 and 70.0 kN/sgq.m . The results
ot the studies showed that the wvalue of

the elastic uniform compression factor
changed close to the relationship proposed

by 0.A. Bavinov [ 7 1, i.e. Cy= ~NFe 7 F
where F is a pressure of 20 kN/sq.m; F - actual
pressure under the footing not exceeding 40.0

2218

kN/sq.m.The further experiments showed no dif-
ference in the values of C,;, with F=40,60 and
70 kN/sg.m. These findings coincide with
0.Y. Shehter's [2] theoretical approach for the
loading plate placed on the elastic half-space
where C; is asymptotic to the constant
value. This approach comes about more for
larger foundations. S.k. Lapin [8]1 came to
the same conclusion,having studied a great
number of foundations from 0.5 to I7.00 sg9.m
in area. Therefore, the static pressure
influence should be only considered in making
experimental studies. For the real foundations
with a pressure greater than 40.0 kFa, the
influence of this factor on the value of G, can
be neglected.

To determine the factor of relative
according to 0.Y. Shehter £71]
Foisson's factor Y=0.37 we have

damping
using the

1 m

where m, b, - foundation footing mass and
radius, respectively P -soil density
under the foundation footing.

El'b relatiship in one or another form
can be found in the works of some American
scientists and Chinese researchers (eg.D.Shi-Vei
£91). To check the relatiship of é}to , some
experiments were taken in which the foundation
natural frequences were a bit different and were
in the range of 15 - 20 Hz. The choice of
foundations close in frequency was due to the
fact that in literature we can +ind some state—
ments on the relationship of f} to the vibra-
tion frequency ( see [10]). Comparison of the
relationship (3) with the results of the experi-
ments shown in Fig. 4 permits us to reduce damp-—
ing at the cost of introduction of a correction
factor of O.35.Thus,the third parameter of t
the model can be determined from

Q.38

P (&)

—QE

04
03
L]
oef 4\
3
of —%
-
O
T hsswukhbBsLRYUY

Fig.4. Relationship of relative damping factor
to factor



Up to now swe have been considering the
foundation behaviour under harmonic loading. Let
us take some other dynamic loading.Farticularly,
the weak point in research is behaviour of
foundation under random loading produced by ore
grinding machines,barking drums, drying and mix-—
ing drums and the like.Not dwelling on the
methods for load determination which are
described in papers [11, 1Z]1, it should be noted
that foundation vibrations produced by the
above-mentioned equipment is a stationary

random process and the inlet spectral density
can be assumed as "white noise" .Having
studied the vibrations of the loading plate on
the elastic inertia half-space under the

influence of a random load of the "white noise
type", we found it possible to model vibrations
as a system with one degree of freedom and
three parameters mentioned above.

In order to determine the parameters of the
analog mechanical system and compare them
with the determined ones with harmonic vibra-
tions, fairly elaborate experiments were made.

An  ore grinding drum mill with the drum
F00mm in diameter, 2.5 kN in weight, grinding
rods 2.3 kN in weight and rotation speed 42
PFepPam  WaAS installed on rubber elements on
the floor resting on foundations 4 and 2% sq.m
in  area (Fig.9). It should be noted that the
mill bearing frame was installed in such a

vertical actions were

way that only the

trasmitted to the bearing structures.Besides,
the rigidity of the rubber was designed so
that the natural frequency of the plant in
the shop coincided with the natural frequency
of the foundations laid on the ground.

Fig.5. General view of
foundation with a

the experimental
drum mill,

Thus, dynamic loading
density) was determined from

scale experiment and the relative damping
factor was determined from the experiments
macde on foundations. The value z Of
determined for foundations 4 sq.m and 25 =]
in area is given in Table 7.The values of the
relative damping factor obtained from the
experiments with the periodical loading as
well as calculated from formula (&) are also

(spectral
the laboratory-
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given in this table.

Table 7.

BRear— |Main |Mean- |Experi- Inlet|We- |Cal~

ing fre—- jsqu- mental spec—|ight|cu—

struc—|quen-|are— factor of |tral of la-

ture cy root relative den— fjunit|tid
on de~ Fdamping sity, re-
the via= 10 N la-—
curvel|tion pe- ran-— ) tive
of mm trio- |dom kN C dam-—
spec— dical | load ) ping
tral load fac—
den— tor
sity (&)
Hz

Rubber 2.8 0.078 j0.110{ - .28 |11.7] -

bea-

rars

in the

shop

Fouda—| 9.6 [0.03Z8 |0.10010.12(1.28 {17.%]0.14

t—on

4 sq.m

in

area

Foun-— 10.810.012 0.320(0.31]1.28 [S1.7]0.32

da-

tion

25s89.m

in

area }

The results
the relative

of the experiment show that
damping factor at random loading
which features the narrow strip rarndom "white
noise'" process,is very close to the values
obtained from the experiments with foundations
undet periodical loading. Therefore, a
foundation for machine with random dynamic
lonading can be calculated by a three—-parameter
model  where rigidity and damping factors can
be determined the same as with periodical vibra-
tions.

The problem of non-stationary vibrations of
the loading plate on the inertia half-space and
its relation to the adequate mechanical model
was studied in detail by V.A. Iljichev L[131.0n
the basis of the solution which can be found in
the mentioned work, V.A. Iljichev came to the
conclusion that the loading plate on the half-
space as to pulse response can be substituted
by a system of 0.5 degrees of freedom consisting
of a spring and a damper connected in
paralliel. The difference of this model From
that described above is at first in the absence
of the added mass of soil. The rigidity factor
of the new system should be determined from
Equation (1) with ﬂml and for determination of
damping we trefer to the results of the
experiments. Table 8 presents the results of
vibrations of four hammer foundations and also
the results obtained in calcul ations of the
relative damping value by formula (5



Table 8. Table 9.
Name |Ful—-|Fo— |Foot-|Na— [Fres—|Chan Factor‘g; Founda—| Height |Fres—|Frequency Factor f;
of s un= |ing tu— |sure |[ged tion of sure |of natu-
en- va- |da- larea |ral |underiam- |Ex- {Cal- area load under|ral Experi—{Calcu-—
ter- |[lue (tion|sq.m |fre-|foo- |pli—|pe- jcu- Sq.Mm falling|foot-jvibra-— mental lated
prise|kN.c|we- qu~ {ting jtude|ri- {la- m ing tions value
igh en— |kFa of men-—| ted kFa Hz by
kN cy vi— ttal |jva- for-—
z bra- lue mula
ti- (&=} (5)
ons
mm 4,0 Q.3 18.0 21.0 0.51 0,68
25.0 3.7 20.5 12.8 1,13 0.92
Flant [28.314400| 49,.35(12.3]89.0 [0.36]0.78[0.56
in
Fali-
nin-
grad Even though the convergence of the
design ard experimental values is good,
Flant] 8.0]1350(19.3 |18.8|70.0 [0.3210.34]0,45 the significant information can only be
in obtained from the results of field
Kirao- experiments. Different designs of loading plates
vo- can be used for making experiments with
grad soils. However, the most applicable and widely
used in the SU is a vibrating loading plate
Me— 1.1|225 |S.= 21.35(42.0 [0.20]10.49[0.43 of our design [141. The main parts of the 1
cha- loading plate shown in Fig.é are a bearing
nical plate, a vibrator and ballasting plates.
e
pair 5
plant H ,_H_‘
ITur*— |EB.3 S570(43.2 [14.0(129.010.20(0.5610. 44 }//////15
bine - — i
ma- uuﬂd M“'I y/
king ;3 5 7
P lant o
Eohar
kowv f

This comparison gives good convergence of the
results for practical purposes.The experimental

verification of the proposed relationship was
performed with foundations 4.0 sq.m and 25 sq.m
in  area subjected to a falling load of 3.0
kN, To prevent rebound giving the second
impact, a sand layer S cm thick was provided on
the foundation. The heights of falling on the
experimental foundations 4 sgq.m and 25 sq.m in
area were O.1 m, 0.2 m, 0.3 m and 1.85 m, 1.95

m, M, respectively.

] Damping characteristics
were determined from the

first amplitude of free

vibrations. It should be noted that the linear
character between the load and displacement was
preserved 1n  the experiments.The results of

comparison of the
(&) and the

values calculated by
exparimental ones are
Table 9.MRAs we can see from Table 9 the
formula (8) gives the results fully
for practical use irrespective of
difference between theoretical and
values.

formula
given 1in
use of
suitable
some
experinental

2220
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| /‘3
e e

R R TSI S A TSR

Fig.6. Vibrating loading plate for determination

of dynamic characteristics ot soils.

1 -loading plate

2 —measuring instruments

I ~-ballasting plates

4 -vibromachine

5 —springs

By manipulation of the ballasting
plates and the appropriate uwse of the
disbalancig members of the vibrator, inde-
pendence 1n  changing of static and dynamic
load parameters 1s achieved which are dynamic
load amplitudes,medium static pressure in the
base of the loading plate and i1ts vibrating
MABS ftor different types ot s011 base



deformation. The area of the base,0.71 x 0.71,

and the knock~down design permitted to work
with the device on the site without using
lifting mechanisms. The vibrator was rigidly

fixed on the rectangular plate.
a number of loading

Springs with
plates were placed on the

vibrator. The plates can be placed under the
springs and the vibrator. The complete
standard loading plate device can provide for a
change of vibration frequency from 7 to 80

Hz, disbalancers moment from ©.12 to 0.67 Nm and
medium static pressure in the base from 5.0 to
40, O kFa.

Theretfore, the loading
permits to change static
loading plate base at a
frequency of
natural
pressure.

The work with

plate device
pressure in the
permanent natural
the system or to change the
frequency at a permanent static

the loading plate device
resul ted in gaining considetrable experience
which was described in the Manual [1351 to the
valid in the SU Specifications for designig
foundations for machines with dynamic loads.Now
I am going to dwell on forcasting of
vibrations for large foundatons based on the
results of the loading plate tests.

Frior to construction of foundations 295
sq.m and 384 sq.m in area, some loading plate
tests were perfotrmed. The curves of fre-
quency amplitude relatinship were drawn from
the test results and the formula proposed by

M.N. Golubtsova [1] was used to determine the

soil mass involved 1in vibration along with the
loading plate.
a;j\*
m, € 1 - (Z@) m?
My =
a; 1~
(7)
_“_#__:.ib
m = 172 1+ 1 + —5
Wp
where mg = vibrator eccentric disbalancers
moment
a; - amplitude of foundation
vibtration with frequency
a, =~ the greatest amplitude on the
resonance  cutrve
“w - frequency corresponding to the
greatest amplitude
t - width of the curve with
amplitude
&%iah— frequencies on the curve with

amplitude a

Three or four values of M, with different
heights of the curve and their average value
was taken to obtain more accurate results.

The uniform compression factor €3 and
relative damping §; for the steady-state
vibrations was +ound from the following
Equation

0 <
§w=:“““‘—~*—_‘_

2Ma A

where &w'azw -  frequency and amplitude of
loading plate resonance

vibrations, respectively
My Ay ~— loading plate mass with added

mass of soil and loading plate
base area,respectively

The change—over from the dynamic properties of

the loading plate to the real foundations was
performed according to the above-mentioned
formulars, where Bz = B and C, and {, for
the foundations were determined from the
formulas
0.5 + [ Fu / F
CZ = Cypy — =
0.5 +‘q hS /IL
()
§Z= §ILL' \{ b
where - area of the foundat1on and the
loading plate
b hw factors found from formula (5)
for the foundation and the
loading plate.

Table 10 presents the results of
prediction on the basis of the formulas, the
results obtained aftter testing of the built
foundations as well as the results of

calculations wusing Equations (4) and (&).

Table 10.

Arealloading Tests on

Calculated|{Fredicted

of plate built values by |values by

fo~ [tests founda-— formulas formula

un- tions (4) and (&) «{F)

da—

ti- |10 e fc, 10t g 15 adl e 1u‘ﬁ 4

ons |[kN/m] SZ lN/m‘ z tN/m Sz lN/m 2z

un—

der

de-

sign

25 F.200.09311.5 0.Z8l2.8 O.328(1.9 10.38

384 |12.110.082]0.095|0.19(1.7 0.2711.4 10,25
As one can see from the Table the

results obtained from the loading plate tests



are in good line with the experimental values
and closer than the results obttained from
the proposed formulas though the latter also
give the results well suited for practice.

CONCLUSTON: The studies
relationships  for the
uniform compression
value of added mass of
one can achieve good
of Foundations under
random loads.

resulted in
factors of
relative damping and a
s0il by means of which
description of vibrationes
periodical, pPulse and

obtaining
elastic

The proposed
s0ils and the

device for dynamic tests of
formulas to change-over from the
plate loading tests to the real foundations
permit to achieve sufficiently true
predictions of any foundation vibrations.
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