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PREFACE

One of the long range interests of the Division
of Building Research, through its Building Physics Section,
is a study of vibrations in the ground. This is a matter
of considersble practical signifiicance and yet one upon
which there exists very meagre literature.

The Division therefore welcomes the publication
by the Council of this translation of an inportant
European paper in this field and is grateful to ILir.
Nathan of the llain Library Staff for the work which he
has done in translating this somewvhat specialized tech-
nical contribution.

The Division will be glad to hear from any who

may have occasion to consult this translation, and who
have mutual interest in the field of ground vibrations.

R. F. Legget.



NEW RESULTS OBTAINED FROM DYNAMIC FOUNDATION SOIL TESTS

A number of reports recently published deal
with the method of dynamic foundation soil tests,
on which work was begun at the Deutsche Forschungs-
gesellschaft fliir Bodenmechanik (Degebo) about three
years ago(l). A study of the detailed report no. 1
of the Ver8ffentlichungen der Degebo will enable the
reader to familiarize himself with the method itself
and with the theory of the oscillating mass point on

an elastic support, which was used for the evaluations,

A short summary of the results to date is given
in the present paper. In addition, new tests with an
improved experimental set-up and the results thus
obtained are described with particular emphasis on
practical application®.

Results Published to Date

The results of dynamic foundation soil tests published

to date may be summarized as follows.

(1) Two constants, the natural frequency a and the

damping factor A, are determined by graphical evaluation of
three curves obtained indepcndently during one test (i.e.,
the amplitude curve, performance curve, and phase curve).

(2) In order to obtain comparable values for o and A,

the same experimental set-up must be used for all the tests.

(3) In terms of soil mechanics the two constants

have the following mezaning:

ate
B

The limited scope of the present paper does not permit dealing
with the results obtained from investigations of systems of
oscillation with more than one degree of freedom, A report
on this will probably be published in one of the next numbers
of the VerBffentlichungen der Degebo.



oo is a criterion of the bearing capacity of the soil,
A is a criterion of the behaviour of the soil when
the latter is subjected to dynamic pressure.

The following data refer to the new standard exper-—
imental set-up:

weight of vibrator 2,700 kgm., base area 1 sq. .
eccentricity 10° (moment of inertia: eccentric weight x
eccentricity = 30.4 x 1.02 = 31,0 kgm. per cm. ).

In order to compare the results obtained from the old
standard experimental set-up with those obtained from the new
one, comparative tests were made with both set-=ups at the same
sites,

The values for the constant o which correspond to the
individual soil types have been compiled in Table I, It becomes
immediately evident that increasing bearing capacity corresponds
to the soil types arranged according to increasing « values.,

The following values may be taken as safe limiting values:

Lowver 1limit: peat soil, o = 12,5 cycles per sec.

Upper limit: closely packed medium gravel, a = 28,1
cycles per sec.

The tests on top of bedrock were carried out with the
cooperation of the Geophysical Institute of the University of
GBttingen in order to study vibrations in the soil, A prelim-
inary report on these tests was published by KBhler and Ram-
speck(z). The standard set-up was used to determine the «
values for shell lime and mottled sandstone (30.0 and 34,0
cycles per sec., respectively). Although the plotted reson-
ance curves show several maxima, the a values could be uniguely
defined by taking into account the fact that the maximum value
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which depends on the vibration of the machine on an elastic
support becomes displaced on the curve as the experimental cond-
itions (eccentricity, weight of vibrator, position of the machine,
etc. ) change, while a maximum value which is not displaced on the
curve, even when the experimental conditions are changed, depends
on the properties of the soil through which elastic waves pass.

Table I is well suited to determining the bearing
capacity of soils to be investigated since a higher value for o
must be assigned to more cormpact soils.

In the last column of Table I, the safe solil pressures
obtained from the tentative standards of the Ausschuss flir einheitliche
technische Baupolizeibestimmungen® (DIN tentative sheet 2, E 1054)
are shown, The listed values for the safe pressures on the soil
do not include the respective values for cohesive soils since the
value a cannot be a sole criterion of the safe pressure on the
soil here; however, the duration of load application is the deter=-
mining factor. Furthermore, another fact emerges from Table I.
The manner in which the admissible soil pressures have been
assigned to different types of soil in the tentative standard
sheet mentioned above is not yet guite satisfactory. For example,
this is shown by the results for fine sand containing 30% of
sand of intermeciate grain., The standard sheet specifies that
this sund should not be loaded with more than 1.5 kgm. per sg.cum.

Committee on uniform industrial building regulations.
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Table I

The natural frequency a as a function of the soil type

(determined by means of the standard experimental set-up:

weight of vibrator = 2,700 kgm., base area = 1 sg.

eccentricity = 10°)

Me o

Test c S Safe soil press-
No. Soil type *PeBe | ure kgm./sq.cm.
179 1.5 m. peat bog on sand 12.5 -
582 1.5 m, 0ld filling: medium sand* with
peat residues 19.1 1.0
L72 Gravelly sand with clay lenses 19.4 -
255 0l1ld, stamped-dovn slag filling 21.3 1.5
468 Very old, stamped-down filling of
loamy sand 21.7 2.0
392 Tertiary clay, wet 21.8 -
525 Lias clay, wet 23,8 - ;
L28 Very homogeneous, yellow medium sand¥ 24.1 2.0 ‘
458 | Fine sand containing 30% of medium ;
sand (so-called Stettin sand)* 24,2 1.5 ;
329 | Homogeneous gravel 26,2 L.5 5
260 ! Nonhomogeneous, closely packed sand 26.7 L.5 i
348 | Absolutely dry tertiary clay 27.5 - i
475 | Closely packed medium gravel 28.1 4.5
546 | Shell lime (bedrock) 30.0 2/3 of the ad-
: missible com-
| pression strain |
: OD ;
563 | Mottled sandstone (bedrock) | 34.0 2/3 o
i
* 1.e., sand of intermediate grain Z
i
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By comparing the o values with the safe soil pressures
a relationship is established between the results obtained from
dynamic foundation soil tests and building practice. It is
merely necessary to check the accuracy of a values for soil
types not listed in the standard draft by means of solil analyses
in the laboratory, possibly by test loads and eventually by obser-
vation of the settlement of a completed building.

Y/ith respect to the damping factor A it is not possible,
unfortunately, to assign a definite soil property to each A value.
This is due to the fact that the damping depends on the energy
transformed during the production of vibrations and that the
damping factor does not indicate whether the energy has been
consumed for either plastic or elastic deformation. However,
the dynamic settlement curve, i.e., the plot of the permanent
settlements of the vibrator as a function of the exciter fre-
quency, should be of assistance here., This curve indicates
whether the solil investigated underwent extensive permanent
deformation. However, if a large value for A(A 2 3 cycles per
sec.,) is obtained from a test on a noncohesive soil and if the
dynamic settlements € measured with the standard experimental
set-up are also large (e 2 10 mm. ), then it is certain that the
soil will tend towards large settlements vwhen it is subjected
to any dynamic strain. This prediction may be supported by a
grain analysis of the soil, BSuch analyses always showed that
inequigranular soils tend towards large settlement as a result
of vibration.

Application of the Results to Actual Cases

The most important results for practical application
may be summarized as follows.

(1) It is evident from the values listed in Table I
that the cafe soll pressure may be determined from the result
of a dynamic, foundation-~soil test with the standard experi-
mental set-up.



(2) By means of dynamic, foundation-soil tests it is
now possible to predict the expected differences in settlement
of a planned building with z& sunken-shaft foundation.

Example: Pizs., 1 and 2 show 2 tunnel underneath all
the traclzsc of a railway station that carry pastenger trains other
than local ones. At the end of the tunnel a shaft, extending
approximately 2 m. below the floor of the tunnel, is to be sunk.
It is assumed that the tunnel has been built on a foundation of
old £ill and that the shaft is to be sunk into the underlying
soil (gravelly sand with clay lenses). Dynanic tests were made
at two poiants, one on the floor of the tumel (position I) and
the other on the floor of the shaft (position II).

Conmparison with the resulis obtained from the standard
experimental set-up show, surprisingly enough, that the value «
and thus the bearing capacity of the £ill, is higher (21.3 cycles
per sec.) than that of the underlying soil (19.l} cycles per sSec.,
cf. Table II). TFurthermore, it should be remeribered that the
tests on the floor of the shaft had to he carried out in =a
timbered trench. It 1s a known fact that, because of the fixity
resulting from the high loads, higher values Tfor o are obtained
from the tests at this location than from tests on the same soil
at ground level. Furthermore, at both points of testing the
same value (approximately 3 cycles per sec.) was obtained for the
damping factor A and a value of 0.15 for A/a, vhereas the value
for the dynamic settlement obtained in the standard test at
position II was almost ten times as high as that for the settle-
ment at position I. These results justify the assumption that
at identical soll pressure the settlement of the shaft differs
greatly from that of the tunnel, It is safe to assume that
this settlement is a multiple of that of the tunnel., On the
basis of empirical values the safe soll pressure for positions I
and II wac established as 1 to 1.2 kgm, per sg. cr. Since these
predictions indicate that the tracks carrying main line passenger
trains are endangered by settlement of the tunnel, a construction
is recommended in which the tunnel is not affected by settlement
of the shaft.
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Table IIX

Comparison of the results obtained from the standard
experimental set-up at twvo positions as showvm in Figs. 1 and 2

+

Position I o § Position IT o &
Eccentpi— Natural i Damping % %EE Natural Damping 55%5
oit frequency; factor ~ 9} frequency | factor 5y 0
y (4 C.P. Se } l CQPU Se g;ﬁ W o4 C.P. Se ?\- Ce ps Se &jj (]

o Ao A

0 &
10 21l.7 343 0.25 19,4 2.8 1.91
20 17.4 3.0 0.61 16,0 2.0 3,63
30 15.5 2.6 1.85 15.8 262 2.58

A

New Tests —= Change of the Constants for the Apparatus

It was explicitly stated that the values for o in Table I
are only comparable for tests made with the standard experimental
set-up.

However, the apparatus in its present form permits changes
in the eccentricity of the working loads, weight of the vibrator,
and the base area within wide limits. There are various reasons
in favour of this system. With the standard experimental set-up,
curves which are comparatively difficult to evaluate are obtained
from some soil types (e.g. gravelly sand)., However, it is much
easier to evaluate the curves if certain constants for the
apparatus are changed, for example, by increasing the weight
of the vibrator. This adaptability of the apparatus makes it
possible to obtain favourable exXperimental conditions for any
type of soil and thus enables elear records to be made., However,
one single test, as in the case of the standard experimental
set-up, is no longer sufficient here; at least three tests are
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required, The conversion of the value ¢ obtained Lfrom the new
experimental set-up to that obtained from the standard experimental
set-up requires a curve for the effect which the respective con-
stant for the apparatus has on the value «, From this curve the
value converted to standard experimental conditions is then ob-
tained by interpolation or extrapolation.

Change in VVeight of the Vibrator

Furthermore, an insight into the behaviour of the soil,
vwhich is excited by periodic forces, may be obtained from a study
of the resonance curves. For example, the resonance of the soil
may be determined from the effect caused by a change in the
weight of the vibrator (identical base area assumed),

In Fig. 3, the natural freguency a has been plotted on
the abscissa and the weight of the vibrator, G, on the ordinate,
The measured value o = 23.8 cycles per sec, has been plotted as
the initial point (indicated by two circles) for the weight of
the vibrator G = 1800 kgm., the eccentricity E = 10° and the
base area F = %+ sg.m. If under otherwise identical conditions
(s0il type, eccentricity, base area) only the weight of the

vibrator is increased, then the value & must decrease in the

270 = ,1’% = /'%{3 R

where ¢ = elasticity constant, m = vibrator mass, g = acceleration

following manner:

due to gravity. The decrease of a must be parabolic since G is

a radicand, The curve obtained by determining the value a belong=-
ing to different values of G from the above relation has been
denoted as GB = Q0. The decrease in the frequency values on in-
creasing the weight of the vibrator should be concordant with

this curve, if merely the mass of the vibrator itself acted as

the vibrating mass, If 1t is assumed that a certain weight of
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the soil, GB, is participating in addition to the weight of
the vibrator, G, and must be regarded as part of the vibrating

mass, then the fellowing relation is obtained:

27| = J - cg .
G + G

B

If the initial point (@7 = 23.8 cycles per sec., G, = 1,8 metric

1
tons) is retained, the relation for the decrease of the value «
becomes

GB + G1

GB + G

Q
il
g

i.e., a family of curves with the parameter GB in the system
of coordinates a4, G.

In Fig. 3 a network of the curves « = £(G) has been
plotted for assumed values of GB*. The measured values of o
for the weights of the vibrator, G = 1.6, 235, 2.7, 3.05 and
3.4 metric tons, have been plotted in this network. The curve
dravn through these points falls well on this network, l.c.,
it falls approximately midway between the curves GB = 10 metric
tons and GB = 15 metric tons, and thus indicates that the
vibrating soll has the weight GB £ 12,5 metric tons and that
it is independent of the weight of the vibrator G applied

(at least within the limits 0,14 < G‘/GB < 0.26).

Change in the Value of the Base Area

The experimental set-up makes it possible to use three
different base areas for a fixed weight of the vibrator, i.e€.y

F=1, # and % sq. m. Here the relation 2o = %% , or if the

% GB =0, 2, 5, 10, 15, and 30 metric tons.



dynanic ground constant ¢'(kgm./cc.) multiplied by the base

area F(sg.cm. ) is substituted for the elasticity c (kgr./cm. )

i.€., 27Q = g;ﬁ s Stetes that the value a must increase

in a paraebolic manner when the area F is increased., On the
strength of the same consideration, which reculted in the
determination of GB, this quantity may agein be obtalned from
the effect of the area F (or the static soil pressure ¢ = G/F,
as the case may be) on the natural freguency a for the same
weight of vibrator, G. In Fig., 4 the value o has been plotted
on the absclesa, the area F on the ordinate, and the soil
pressure o for G = 2,700 kgm. The initial point is a, = 22,85
cycles per sec., here, measured on gravelly soil for a base

area of 2500 sg.cm. (6 = 2,700/2,500 = 1,08 kom./sGome )e I

it were possible to consider the mass of the vibrator alone

as the vibrating mass, then the value ¢ on the flattest parabolsa
(GB = 0) should increase as the area increases., Here, too,

the measured curve fits closely to the network of the family of
curves obtained for different values of GB
the curves for GB = 12 metric tons and GB = 15 metric tons.
Hence, the apreement between the twc values for GB’ which had
been obtained in an entirely different manner by means of two

and falls belween

completely independent test series at the same site, is aisc
very good. Here again the tight it of the measured curve
into the theoretical network proveg once more that the weight
GB is largely independent of the value of the so0il pressure Oy
(or base area of the vibrator).

In order to utilize the foundation soill tests for
predicting the safe coll prescures of structures to be erected
and the vibration frequencies of the machine foundations fto
be constructed (whose base area is to be a multiple of the
base area of the vibrator) on the soil investigated, the effect
of the bace area alone, i.e., the effect of various values of
the base area at identical soil pressure on the value a, ruct
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be investigated. Unfortunately, the experimental sct-up does
not permit the use of the available three area values (1, %, 2
sq. m., ) at identical surface pressure., In this connection it
rmst be remembered that since the lowest weight (vibrator alone)
is 1800 kgm. 1t would be necessary to increase the weight of the
vibrator to G = o0 F = 0,72 x 10,000 = 7,200 kgm. in order to
obtain the same pressure for 1 sq., m. area as FOr % SQ. M,
i.€sy, 0 = 1800/2500 = 0,72 kgm./sq.cm. However, this has not
been possible as yet due to transportation difficulties.
Therefore, it must suffice Tor the time being to investigate,
at any one time, only two successive area values at identical
soil pressure for tieir effect on the value o and to make a
comparison with the third value for the area by extrapolating
the curve o= f£(0)., In Fig, 5 the cffect of the three area
values 1, 0.5 and 0.25 sq. me on the value a at identical soil
pressure is shomm in this manner. It can be seen that this
effect is exceedingly slight. This is a noteworthy result.
However, if the effect of various area values on the static
bedding coelficient C at identical soll pressure is considered,
(as obtained by K8gler and Aichhorn(B) from static load ex-
periments, cf. Fig. 5), then the results may be applied for
practical purposes as follows,

The results of dynamic foundation soil tests are
better suited to mzke a deduction from small areas to large
ones than the results obtained from static soil investigations,
In ordei to explain this physically, the following statement
is made, (The observation that for a constant soil pressure
the settlement increases as the area incresses may be explained
by the fuct that an increase in the depth of soil affected
results from the increase in the loaded area (i.e., the
settlement increases similarly to the volume of affected soil,
as the third power, whereas the aresc increased as the second

power.*ﬁ However, in the dynamic foundation soil test the

Translator's Note: The meaning of the statement in parentheses
is not clear., The conventional concent is %o consider a "bulb
of constant pressure' in the soil, whose depth ig proportional
to the diameter of the loaded area., Settlement is proportional
to the depth of the affected soil, and hence proportional to
the diameter of the loaded area,
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soll affected is largely independent of the static initial
loading o, which is only a fraction of the totul load. The

soill affected depends rather on the cenirifugal forces (eccen-
tricity of the working loads) and the stratification of the soil.
Since this rescnant soil is a rultiple of the working load, it
is easy to understand thail even congiderable changes in the base
area of the vibrator have only an unimportant effect on the soil
and thus on its elastic properties.

Change in the Eccentricity of the Working Loads

The eccentricity of the working loads is the third con-
stant whose effect on the natural frequency o is to be investigated.
This constant is expressed in radians because the eccentricity is
given by the relative position of two masses which are adjustable
on a circumference. For example, eccentricity E = 0° mezns that
the two equal masses are oprosed on a diameter so that the two
centrifugal forces cancel each other.

If a clearly defined vibrating system (e.g. a beam on
two supports loaded by a vibrator (cf, Fig., 6)) is examined, it
can be seen that fthe natural frequency, o, of thic s3yiutem igs

completely independent of the eccentricity of the working loads
and thus of the amplitude of the impulse of vibration.

The cacge under consideration, i.e., vibrotions of a
mass on the soil, isnotaclearly defined vibrating system with
given elasticity and mass but the size of the vibrating mass
depends here on the magnitude of the impulse as shown in Fig. 7.
This manner of repregsentation serves the purpose of ghowing
that the area of the soil participating in the vibration increases
as the impulse increases until it attains its maxinum at some
limitation (on reaching a layer in the soil whose density varies
considerably, e.g. a deep trench, etc,). The natural freguency,
@, which decreases in the manner indicsted as the mass of



afffected soll increases until it attains the limiting value
corresponding to the maximum value for the soil, depcnds on
the value for this area of resonant soil.

From the assumption that the affected goil depends on
the adjusted eccentricity according to some function, it follows
that the naturael freguency o must decrease as the eccenitricity
increases. This phenomenon has been satisfactorily determined
by tests. Only the extent of the decrease of @ as the eccentricity
increases (i.e., the shape of the decrement curve o = £(E) differs
for different soil types). Therefore, it may be assumcd that
some data on the soil investigated may be obtained from this
curve,

In order to clarify this question the resonant soil
rmust be determined for various eccentricities., The experimental
results represented by four curves in Fig. 8 are available for
this purpose. Four experimental series for the effect of the
eccentricity on the value a4 are dealt with here., These series
differ merely by the soil pressure cand the weilght of the wili-
rator, G. By means of these curves the resonant soil may be
determined, as in Fig. 3, for each of the three eccentricities
10°, 20° and 30°, The curve for the resonant load as a funchion
of the eccentricity is thus obtained (cf., Fig., 9). From this
curve it is evident that at first the extent of the soil affected
increases as the eccentricity decreases and then tends to a limit
(approximately LO metric tons here). The assunption of Fig. 7
is confirmed; the limiting value for GB and thus the icwer limit
of the natural frequency o ( ® 18 cycles per sec. hers) has been
found,

The fact that the shape of the curve which represents
the value a as a function of the eccentricity is characteristic
for the soil investigated, is clearly evident from Fig. 8. The
four curves, which were obtained independently from the same
soil, have the same shape and tend to approach the same
asymptote. However, when curves obtained from different scils
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(ef, Pig. 10) are compared, the effect of the soil type becomes
evident. Curve "a' was taken on a layer of clay, approximately

1l me thick, on top of tertiary fine sand. The curve indicates
that, for an eccentricity E as low as 20°, the vibration in the
goil has reached the fine sand and that a clearly defined system
ol vibration has formed hich will not ciiange even if the irpulse
increases, This also applies to curve "c¢", which was taken on a
layer of scndy peat (1.5 m. thick) on grit. Ilowever, curve "b"
is based on lcsts in a pit of clay of great thickness. The
sharply broken profile producing reflections of the waves is
preswably the reason why the limiting value for GB is attained
so early here, despite the great thickness of the remarkably
homogenecous soil, Curve "e" represents a praciically homogeneous
terrain with horizontal surface, In this case the tesis were made
in a gravel pit, approximately 20,000 sg.m, in area and at least
15 m, thick. This curve is the flattest of all the curves taken
and its vertical asymptote does not become immediately evident,

Finally, curve "d" indicates that the diffcrence in
density of the old filling and that of the graovelly sand is
small and that the very thin layer of clay (provided this is
not merely a case where clay lenses had been struck) is not
sufficient to confine vibrations in the sgoil. Curve "a" thus
is very flat, indicating that here this is essentially a case
of a fairly homogeneous coil.

Practical Applications

An example of an actual case ig used here to show
the advantage of these experimental series, For laying a
machine foundation (propeller test stand) data were reguired
on the expected vibration frequency and on the dynamic bedding
coefficient of the foundation soil.
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The results of the dynamic soil foundation test are
shown in Table III. In the experiment with the standard set-up
a value of 206.7 cycles per sec, was obtained for a., When these
experiments were conducted the effect which the constants of the
apparatus has on the value a was still unknown and no conclusions
had been drawvn at that time, Therefore, systematic test series
did not seem Justified. Two different weights of vibrator on
the same base area (F = 1 sq. m.) had to suffice. However, the
effect of the eccentricity was thoroughly investigated.

The vibration freqgquency and the dynamic bedding co-
efficient (c¢') are determined as follows, The vibration fre-
cuency a depends on the coil pressure ¢ cndon the eccentricity.
The effect which the extent of the base area has at identical
soll pressure ¢ has bLeen omitted here. This has been discussed
in greater detall in the preceding paragraphs. 1 the eccen-
tricity, or at least centrifugal force of lthe unbalance of the
machine for which the foundation is to be laid. is known, then
the experimental set-up can be adjusted to the respective value
and Trom it the natural freguency a may be given within very
narrow limits, taking into account the static soil pressure of
the planned foundation. However, if for a planred machine
foundation datu on centrifugal force or eccentricity are not
available, except for the rated full-load sneed, then the lowver
1limit for the natural frequency a, with the soil pressure given,
is determined by the vertical asymptote to the respsctive curve
a = £(E) (Fig. 11).
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Tabvle III

Results of the dynamic soil test of a machine foundation
(propeller test stand)

R "
0N O e £ B
O é o B | 3.,..,
FL ; — — i
Sdy A Frequencies a , - L=
N P R - = aglao g0
a0 -0 { when E = O o o
o'Hjoa | Son o o
BE 18R 38138 58
; 1 4] [} o [} h
kgm.; kem./ clg s cli s clg s 038 S e So| Kgmadocs kemgbe
i sq-.cInt [ ) - ® L ] o * L] * L ) ® L] =] o ple Q Cﬁj (> *
4 H
! {
} : : |
!20603 0,27 29.0 | 26.9 | 24,6 | 23,2 | 23 | L4 |~6
' | i
2700 0,27 26,7 | 25.4 | 23.77] 22.3 . 22 | 5.2 ' ~ 6 |

The dynamic bedding coefficient c¢' is obtained from
the vibration frequency o as follows:
. G -]

e _C _ 4 .22 G _, =2 28
c -F_Lpro, Fg_hyn'a =

The lower limit for c¢' is accurately obtained from this relation-
ship by using the lower limiting wvalue of a and the smallest
possible vibrating mass (mass of the vibrator alone, GB = 0),
However, the upper limit of c¢' cannot be determined with the

same accuracy, since only two test series with two different
wveights of the vibrator are available here for the determination
of the resonant =soil, The calculation of the latter for any
given eccentriciiy must then be carried out by means of the

slightly less accurate equation

Gz a3 ~ G, af

a3 - a3
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The following values are thus obtailned: GB = 1,000 kgme, G = GS +
GB = 3,000 kgme and when a = 23 cycles per sec. the dynamic bedding
coefficient becomes ¢' = 6.3 kgm./cc.

A1l the above statementis refer exclusively to vertical
vibrations. It is briefly shown below that the experimental set-
up permiits not only the production of vertical vibrations but also
horizontal and angular momenta.

Test with Torsional and Horizontal Zxcitation

The set-up of the eccentrics for torsional execitetion
is showvn in Figs. 12-15., The equation of the vibrating mass also
applies to this type of vibration. But the constants have a
different meaning (cf. Figs. 12 and 13). It can be seen that
the dynamic shear coefficient S of the investigated foundation
soll can be obtained by torsional tests with given moments of
inertia of the vibrator, i.e., 6 (inertia moment) and Jb (polar
angular impulse), in the same manner as the bedding coefficient

was obtained from the test with vertical excitation,

At the point mentioned above, where the value a = 26,7
eyeles per scec. was obtained with vertical excitation (standard
experimental set-up), a test with torsional excitation resulted
in a value of 14.0 cycles per sec. for the natural frequency oo
The polar inertia moment of the vibrator about its vertical
centroida%u§xis was experimentally determined as @ = 4,900 kgm,

2

Ci. SEC. and the polar moment of inertia of the base area

as Jp = 16,7 x 10° cm.?*. Hence, the shear coefficient is obtained,

g = Lr21h,0° x M%SOO

1257 10 = 2,3 kegm,/ccCa
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The arrangement of the working loacds for horizontal
excitation is shown in Figs., 16 - 21, It should be noted that,
in addition to the periodic horigontal force, a periodic angular
momentum about the longitudinal axis of the vibrator 1s always
excited. By using the dynamic bedding coefficient c¢' = 6.3 kgm./cc.
and the shear coefficient S = 2,3 kom./cc., which were obtained
from tesvs with vertical and torsional excitation, the lower
horizontal frequency &H1 of the vibrator wes corputed for the
tect stand mentioned above. The vibrator mass was replaced
here by two smaller masses m, and m,, as suggested by Rausch(5).
Each of these masses oscillates about their common centre of
gravity. The natural frequency GH1 of the penduluvm with the
grecter mass 1is obtained as

(2ra.. )2 = E 1 °

T4 m1 [(S - 02>2 l' . lj
ip c SJ

The meaning of the values s, a1 and az is evident from

Fig, 21. T'urthermore, iF is the radius of gyration of the base
area F about the cenire of gravity in the plane of the projection,
iG is the radius of gyration of the totel mass I about the hori-
zontal ceniroidal axis in the plane of the wnrojection, Then the
following relationship applies:




From these equations the lower horizontal freguency of
the vibrator is obtsined with the following values:

G = 2,000 kgm. iZ = 835 sg. cm.
F =1 sqe m ié = 875 sQ. CI.
1,156 + 222 835 ~ a75
_ 2¢3
QLo =
68
.
G = 38 £ I3 65 = {1
Qg = Qo =
mny = 9%1 x 8’2 x 2,000 = 1,83 kem.
as
2 _ 104 1 _ .
4," #71.8% * LLZ 1 T~ = 1735 ag,

835°6.3 ' 2.3

¢t = 6,3 kgm./cc.

S = 2,3 kem./cc.
= 38 cm.

96

sec, 2/cm.,

= 13,1 cycles.

The test with horizontzl excitation actually resulted
in a horigzontal natural frequency of the vibrator at 13.5
cycles per sec., However, it was not pogssible in this test

to attain the other higher frequency aHzo
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Sunmary of Results for Practical Purposes

Results from Individual Tests with a Standard Experimental

Set=up on Noncohesive Soils

l, Dataz on the admissible soil pressure.
2 Data on the expected differences in settlement.

3¢ Determination of the safety of the foundation soils
against traffic vibrations.

Results fror1 Test Series with the Constants of the Apparatus Changed

Trend in

1. Determination of the soil mass participating in the
vibration.

2o Data on the thickness of layer and homogeneity of the
investigated soil,

3. Definition of the natural frecuency of za machine
foundation.

L, Reliable fipure for the lower limit of the dynamic
bedding coefficient.

Improving the liethod of Dynamic Foundation Soil Tests

1, Extension of Table I so as to include the dependence
of the o wvalues on the soil type.

2. Completion of a curve for the determination of the
adimissible soil pressure from the value a.

3. Control of settlement of completed buildings.

L, Absolute prediztion of the setitlement for non-
cohesive soilc.,

5. Verification of the predetermined natural frequencies
by measurerients on the erected machine foundation,
i.e,, for vertical and horizontal vibrations.

6. Continuation of the investigation of the effect
of dynmamic stress on the damping constant and
dynamic settlement curve.
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Pigse 1 and 2 ILxample for applying the dynamic
soill foundation test. A shaft is to be sunk to a
depth of approximately 2 m. at the end of a rail-
way statilion tunnel underneath the tracks for main-

line passenger trains.
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Fig, 3 Effect of the weight of the vibrator on the
natural frequency (G, = weight of the resonant soil),
The thin curves were~ plotted on the basis of assumed
values for the resonant soil, The thick curve con-
nects the values of a measured for various weights

of the vibrator.
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Fig. 4 Effect of both the extent of the base are=a

and the static soil pressure on the natural frequency
for a given weight of the vibrator (2,700 kgm. ).

Cf. text of Pig. 3 regarding the thin lines and the
thick line.
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FPig. 5 Effect of area varlations on the natural
frequency and static bedding coefficient at ident-
ical soll pressure.

The straight lines designated by ¢ connect points

of ldentical soil pressure. The fact that these
straight lines are vertical indicates that the

effect of varying the area on the natural freguency
is slight. If, in static load tests, too, the static
bedding coefficient C were independent of the areas,
the curve C would also be a vertical straight line,
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Fig., 8 (left) Behaviour of eccentricity and
natural frequency at different soil pressures Jd.

Fige 9 (right) Effect of eccentricity variations
on the weight of soill Go’ participating in the
vibration.

Figse 6 to 9 Effect of the eccentricity of the
working load on the natural frequency a (1 4[g>.
2m ¥ m
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Fig, 10 Eccentricity and natural freguency
for different soil types.

(The accompanying figures explain the curve
designation).
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Fig, 11 Determination of the lower limit of
the natural frequency.
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Figse 12 to 15 Set-up of the eccentrics for tor-
gsional excitation. Eguation of motion of the tor-
sional vibrator:

@ + by + cy¥ = M sin wt,

where ® = inertia moment relative to the vertical
centroidal axis,

¥ = torsion angle with respect to the equil-
ibrium position,

b = damping factor,

Cy = JPS - elasticity constant,
J? = polar angular impulse,

S = shear coefficient,

MD = m_rw?t - moment of rotation of the exciter
f8rce about the vertical centroidal axis,

Solution of the differential equation § = ¥ sin(wt - ¢)
equation of the amplitude

m r w t % w2

v T

- (o]
J (e = @0?)2 + b2w? J (a2 - w?P + UaZw?
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Figs. 16 to 21 Dynamic foundatlon soil tests
by means of horizontal excitation.,

Figs. 16 to 19 Set-up of the eccentrics,

moment of rotation
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FPig. 20 Diagram showing the excitation curve.

)

Fig. 21 Disk supported elastically (according
to Rausch). Substitution of the vibrator masses
by two smaller masses which oscillate about
their common centre of gravity.



