
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


sured. values mainly represent the resistance 
of the lower portion of the casing, esplain- 
ing the approach of these lines and different 
parts of the ordinate. Around the higher por
tions of the casing the structure of the sur
rounding matter is loosened by driving or ro
tation and the resistance consequently much 
decreased. This is evident if lines b and c 
(Pig. 3) are considered, showing increasing 
values of resistance very clearly at inter
ruption of driving operations.

V. DEVELOPMENT.

The author has built 2 new types as dev
elopments of above described apparatus.(H.Pul- 
fer & Co., Berne).
1. For preliminary explorations of the sub

soil in lighter soils at depths of 20 m
a Light Driving Apparatus has been built in 
1947, requiring simple hand operation and be
ing very economic. (Fig. 4). Its driving rod 
too is surrounded by a casing. The point area 
is square-shaped in order to ascertain the 
presence of gravel. The apparatus is used for 
preliminary explorations and for small con
struction plants, where expensive costs are 
to be avoided. For the determination of the 
geological composition of the subsoil a lignt 
hand-operated Drilling Apparatus is used.
2. The Heavy Driving Apparatus (Fig. 5) is used 

to establish a driving diagram of heavy
soils and to measure mechanical properties of 
soils at different depths. The point of this 
driving apparatus consists in 2 parts. The in
terior part may be retracted with the driving 
rod. By means of this procedura an opening is 
formed, which enables subsequent proceedings;
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a. Extraction of small undisturbed samples by 
use of a punching tube,

b. Performance of bearing tests or settlement 
measurements respectively by means of a

bottom plate,
c. Measurement of the shear resistance by 

means of a special shear point,
d. Performance of permeability tests.
Furthermore the casing too consists in differ
ent parts. By use of a special device it is 
possible to turn bus a short portion of the 
casing for measurement purposes of the moment 
of torsion. This device enables the determina
tion of the skin friction at a fixed depth. 
Likewise it is possible to retract the lowest 
part of the casing independently of the upper 
casing.

VI. CONCLUSION.
The above described method developed due 

to Snow Investigation and to the special con
ditions of Switzerland. It represents a very 
serviceable complement of mechanical laborato
ry analyses of soils, by supplying the design
ing engineer with empiric figures. It has prov
ed to be useful especially to pile-driving pro
blems. Its consequent evaluation however is 
only possible by means of geologically inter
preted exploratory bore holes.
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PURPOSE OF THE INVESTIGATIONS.

To verify to what extent vibrations can 
be used for soil testing methods.

ffftASONS OF THE INVESTIGATIONS.

In geology vibrations are successfully 
used and in soil mechanics also efforts have 
been made in that direction, which gave the 
impression that in future very useful methods 
could be based there on.

BASE OF THE INVESTIGATIONS.
According to tests and existing theories 

one can suggest that mechanical vibrations in 
■*oil will be propagated along paths, fully de

termined by the analogeous laws as those who 
rule in optics. This implies the validity of 
the principle of Fermat and the Snellius re
fraction law. If a ray passes through a divi
ding sheet between two media, î  and ig being 
the angles made with the normal to the divid
ing surface by the entering and leaving rays,

the relation 3 n̂ ^1 m exists,
sin 1 g v2

APPLICATION Off ffKRMAT'S PRINCIPLE.

A mechanical vibration caused in a point 
A of the surface, will be propagated to a 
point B in two different ways:
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FIG.1

a. aa a surface wave (directly along surface)
b. as a depth wave (through deeper layers) the 

path of which is determined by Fermat's 
principle (Fig. 1).

At fig. 1. By Snellius sia.i
1 ' 2 The

path length ACDB is geometrical determined as 
a function of h, and Vg (Vg3*-̂ ).

interference.

In a two layer soil system, in each point 
of the surface two types of vibrations will 
ari.ve, which will result in a pure sinusoidal 
vibration, if the initial disturbance has a 
sine shape too. The resulting amplitude will 
change by variation in S (maximum and minimum 
interference).

. 2 7r < i . .. .
Based upon the formula o«-----  in which

ó » fase difference v
i » frequence
I  - path length
v =■ velocity of propagation
it will be possible, in a rather simple way,
to calculate the values of S giving maximum
resulting amplitude. In the optima one will
find ,____ _

2 mhVy-v,1 + <*>5t oJ5t _ 2irk

in which It - 0,1,2,?... .etc.
and cu = 2 ir »
The distance between two optima is shown to be

APPLICATIONS.

The amplitude-distance curve can be re- 
gistrated if in A is placed a vibration source. 
From the calculated values it is possible 
to compute v~ if v, and P are known. The de
termination of 0 can be done by a revolu
tion counter or by synchronisation of the time- 
base-frequency of a cathode ray - oscillograph 
with the frequency of the vibration (stationa
ry, simple sine curve). The determination of 
v̂  can be done by placing two pick-ups as such 
a distance, that both the vibrations have the 
same phase, which can be observed by making 
contact between the pick-ups and the horizont
al, respectively vertical, deflection plates 
of the oscillograph; the screen then must show 
a straight line. The pick-up distance then is 
equal to the wave-length X . Using the formula 
v̂  «j>A , the value v̂  can be computed. (Pick

up distance must be the smallest possible one).

A = AM PLITUDE 

S>  D ISTANCE TO A 

A S #  A  SI

AMPLITUDE -  DISTANCECURVE 
IN THIS CASE

FIG. 2

In this measurement the value P will be chosen 
relatively highO» 50 Hz), for vibrations of 
that frequency are found only to be propagated 
as pure surface-waves and not as depth-waves.
If v^ and Vg and i  are determined by the given

formulas, the layer thickness can be calculat
ed. In case of a dip in the soil structure an 
analogeous line of argument is possible. (Fig. 
2). At both sides of the vibration source the 
interference-intervals ^si are found different.
If sin.i » 
will find!

v-jÿv2 ® * dip of the layer,one

g icoa 8 -faine tgi sine lì
Vi v.cosi v,
2 tu h cos 0 W  - vt2

CO I

2 ktr +•

The variation of ASj. appears in the formula too, 
for 0 has a different sign in the two directions 
( +0 and-9)
From the values asi one can compute 0 and Vg, 
and after,that the thickness h can be determin
ed.

SUMMARY OF THE FIELD TESTS.

In this method it is shown to be possible 
to determine the following quantities:
a. layer thicknesses
b. layer declinations
c. velocities of propagation in the different 

layers.

HYPOTHESIS.

The displacements and deformations being 
very small, the soil will behave like a pure 
elastic body, having a modulus of elastocityE, 
which however can be used for dynamic charges 
only.

CONSflQUENCES.

In pure elastic materials the velocity of 
propagation v is given by v = VG /p (in case of 
transverse vibrations), wherein G is the modul
us of sliding and p  the mass density. So this

PICK- UP POSITION
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relation also can be used In case of soil. If 
the quantity v is determined in the laboratory 
as a function of p  and G, in different types 
of soil, the velocity calculated in the field, 
possibly will give an idea about p  and G.

FACTS.

Every type of soil can be characterised by 
the following quantities:
a. thé velocity of propagation. This can vary 

for each type of soli within certain limits,
depending on the density and other incidental 
factors. Under certain circumstances the velo
city of propagation in different types of soil 
can be equal. In case of doubt one can use:
b. the damping, which can be formulated as an 

exponential function of the distance to the
vibration source, and will demonstrate a 
straight line if plotted the amplitude against 
distance on semi-logarithmic scale (amplitude 
on linear scale). The declination of this line 
gives an idea of the damping and will be call
ed the damping-index. In every type of soil 
the damping-index varies between fixed limits. 
In case of doubt one can determine:
c.the own-frequency of the soil. If the fre
quency of the vioration source is varied,

the amplitude-frequency curve will show a max
imum at a frequency equal to resonance-fre- 
quency of the soil mass. Tests have shownthat 
the resonance-frequency can be an indication 
for the type of soil.

CONCLUSION.

By means of the sub, a,b and c given me
thods it is possible to determine the type of 
the different soil-layers.

THE PRINCIPLE OF LIMIT-FREQUENCY.

As in field tests relatively high fre
quencies are used to determine v̂ , by means 
of the relation v^ -iÂ , it is necessary to 
have the possibility to reduce this vj_ (mea
sured at high frequency) to a standard-fre- 
quency. To determine the thicknesses of the 
different soil-layers, different frequencies 
are to be used, which method is based upon the 
phenomena that low frequent vibrations pene
trate deeper into the earth than high fre
quent ones. Being the number of the layers, 
taking part in the vibrationprocess,equal to 
n at a frequently , and the number at the 
frequency >)n+1, being equal to (n+1), there 
is a well determined frequency between

8,14 ̂ n+1 which the (n+1) th layer starts 

propagating the vibration.
At this frequency \ the amplitude-fre
quency curve changes fundamentally. The fre
quency ̂ n(n+i) is called limit-frequency. The 
The values of the different limit-frequencies 
may possibly be an index for the layer-thick- 
ness if a great number of statistic data is 
obtained, to which purpose many fièld tests 
will be necessary.

CONSIDERATIONS.

It may be that the velocities of propa
gation will depend on the following factors:
a. frequency
b. moisture-content
c. type of soil
d. density
e. temperature

It is necessary to study this dependanue 
of the velocity of propagation on disturbed 
and undisturbed soil-samples in the laborato
ry.

PROBLEM.

The measuring of velocities of propaga
tion of mechanical vibrations in soil-samples 
with a maximum length of 25 cm (undisturbed), 
which velocities can vary from 50 m/sec up to 
500 m/sec.

FIRST METHOD.

A soil-sample (length 25 cm, diameter
6,5 cm) is excited with a constant known fre
quency. The vibration is received at two 
points and transformed into an electrical one 
by means of two crystal pick-ups. With the aid 
of two potentiometers the damping can be elim
inated. (The electrical amplitudes then must 
be equal). The amplitudes are measured. Then 
the two electrical vibrations are added and 
the resulting amplitude is measured. If the 
pick-up distance is known, the velocity of 
propagation can be computed from the two am
plitudes by means of considering the fase-dif- 
ference between the two vibrations.

SECOND METHOD.

The sinusoidal signal is received at two 
points end transformed to a short impuls by 
means of a special constructed apparatus. By 
an electronic switch these impulses are lead 
to the vertical plates of a cathode ray oscil
lograph. The time base frequency being known, 
two peaks appear on the screen which mutual 
distance is a measure for the time-interval 
necessary for the vibration to be propagated 
from the first up to the second pick-up. The 
accuracy can be increased by varying the time- 
base frequently.

DISTURBANCES.

Both methods are only possible if the 
vibration is not stationary. In practice al
ways stationary waves are obtained and make 
application impossible. To prevent stationary 
waves, at the end of the sample a loop is fix
ed which is made from clay. With this loop 
reflection at the end is impossible and a sam
ple of infinite length is obtained, so the 
given methods can be used. (fig. 3).

FIELD-TESTS.

In field-tests (see Figures 4A to D in
clusive) it is shown that the accuracy of this 
method can be compared with soundings. At the 
diagrams:
Sub. A. This is the result of the first field 

test. The vibration machine had no caa- 
stant frequency, so the theory cannot be ap
plied. The discontinuities are caused by vert- 
ical-scale,changements during the test, to in
crease the accuracy. The period is not quite 
constant as the frequency varied. The calcula
tion is not given because of imperfect vibra- 
tion-source, influencing an exact result.
Sub. B. Vibration source a bit better. See fur

ther sub. A.
Sub. C. See sub. A.
Sub. D. Place: Beek/Z.L. Vibrationmachine had 

constant frequency. The calculation is 
as follows:
measured: 9 - 30 Hz; aS^ - 11,25 m; S^ - 7 m; 
wave length determination: j)= 20 Hz; A^ - 6,25m

CONCLUSION.
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ADVANTAGES.
o

A surface of 10.000 a. can be measured in 
2 i hours usually including the time necessary 
for the calculation by two men.

gTELP-APPABATUBE.

a. vibration machine
b. electrical generator
c. cables
d. vibration pick-up
e. revolution counter to determine the frequen

cy, to which purpose the apparatus sub. b 
also can be used.

f. cathode-rey oscillograph.

FIG.3

RELATIVE AMPLITUDE
B

DISCONTINUITIES ARE CAUSED BY SCALE. 
VARIATION DURING THE TEST

*1 A 1 ’ 

1 1 , 2  5 .

125 m/sec.

^ 2 3  i r ) 3 0

y, » 2 10 m/sec

h » 4,95 m.
A sounding gave h = 5*05 m. 

Used formulas:

1 . 2
A  S i  -

Í R Í »  '

Si 1 
+-

PûSi 2>)

Measuring-time: 2J- hours.

FIG. 4

LABOR A TOBY-APPARATURE.

a. two crystal pick-ups
b. two potentiometers
c. two amplifiers
d. an electronic switch
e. a cathode-ray oscillograph, with special ap

paratus for electron-acceleration.
f. two electrical vibration-generators
g. a thermionic voltmeter
h. a well-stabilised vibration-source.


