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PENETROMETER METHOD FORDETERMINING SOIL PARAMETERS
DETERMINATION DES PARAMETRES DU SOL PAR LA METHODE DU PENETROMETRE
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A sultable rheologiocal model is chosen to represent the soil deformations under
The parsmeters of the model are evaluated from the deeeleration history ourves
The method is useful for determining the soil properties in

situ, especially for remote soils where immediate soil data are required and direot access 1is

not available.

INTRODUCTION

Various methods have been used to determine
the soil properties in situ. For example,
the standard penetration test, the shear
vane, and the Menard pressure meter are used
to measure the shear strength of the soil in
& bore hole. Some other teohniques, such as
penetrometer tests, had their origin in the
prinociples of hardness measurement. They
were developed to determine the properties
of surface solls. Among these, the aerial
oone penetrometer was developed for deter-
mining the soll properties at a distance.
The 4raw s of this method were disocussed
by Sohmid+¥/ and improvements were made to
make it more suitable for praotiocal
applications. This paper desoribes a new
penetrometer and analyzes the data and
results obtained with 1it.

IMPACT PENETROMETER TEST3

The penetrometer (Pig. 1) is a hollow,
oiroular, ochromium steel oylinder of 75 mm.
dismeter with a hemi-spheriocal tip. A
oross-geetion is shown in PFig. 2. An
accelerometer is attached by a thread to a
small anvil inside the tip suoh that the axis
of the accelerometer and that of the
eylinder ocoinocide. The weight of the ocap-
sule is 1.573 kg. The accelerometer signal
showing the whole history of deceleration is
transmitted through an amplifier system to
the socreen of an oscillosocope, and the
resulting trace is photographed by a
polaroid camera. With an adjustable time
soale the signal oan thus be recorded for
the best readability. Por practiocal,
operational appliocations the signal may also
be stored on a magnetic tape. Also, a
triple acocelerameter with respective axes
mounted along three mutually perpendioular
direoctions at the center of a sphere was
suggested for prototype applications if the
direoction of the penetrometer impaot ocannot
be oontrolled precisely.
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Fig. 1 Princeton Impaoct Penetrometer
Series of tests, both in the laboratory and
in the Slold. were ocarried out by Solmid and
Hecht1{3J(#) gt Princeton in 1963-64. For
normal soll oconditions, the deceleration
history of the impaoct penetrometer is first,
a monotonously rising and then, falling ourve
v(rhioh a)m be approximated by a sine funotion
Fig. 3).

THEORETICAL ANALYSIS OF SOILS URDER IMPACT
LOADS

1. Eheologlon) Medel

Aooording to.Yinterkorn's macromeritioc liquid
state theory'®/, the ocamstitutive relations
for a soll subjected to impaot load in a high
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Pig. 3 Deoceleration Curve of Impaot M
Penetrometer
energy state are essentially those of a
liquid state. Soils, under suoch load oon- K
ditions, ocan be oconsidered to be somewhere
between a purely solid and a purely liquid
state. Therefore, a generalized, rheologioal
model (Pig. 4) with a oombination of an I --J G,
elastic element which takes ocare of the
volumetrio beshavior and a four-parameter
model whioh represents the deviatorle charac-
teristiocs, is used to represent soils under
impact load. The governing stress-strain
relations can be written as follows:
6 = 3KE,, (1) (a) VOLUMETRIC
and s
Ty ¥ (W W H W) T, + W Wp Ty (b) DEVIATORIC

4 y (2)
= G, (T + w4y Ty)
Pig. &4 BRheological Soil Models
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S(S+ay)
2 S+(w sanrkay)s + wuy

(6)

in whioch s 1s the Laplace transfora
parsmeter.,

2. Visgoelastio Solution of & Sphere on the

Daoce

The pressure distribution p underneath the
oontaot area, with radius f, of the impact
penetrometer on the soll surface 1s assumed
to bs a spheriocal one as shown in PFigure 5.
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Surface

Fig. §

(7)

The elastioc solution (5) can be expressed as

X +2M

S (8)

7
w

§=J/w(R-¥ (9)
where w’ 1s the deformation at the tip of
the spheriocal head, » and 4 are Lames
oonstants, and P is the foroing funotion.
Test results of the impact penetrometer show
that, for most soils, F essentially may be
represented by

(10)

F=mga,- slné';'» t
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where m designates the mass of the impaoct
penetrometer, t represents time, ay, the
maximum amplitude and T the period of the
deceleration ourve (Fig. 3).

For the problem of a penetrometer
impaocting on the soil surface, if the impaot
velooity is small oompared to that of the
stress wave, the problem may be treated as a
quasi-statio one, and the method of the
elastioc-viscoelastio analogy can be applied.
The viscoelastio solution is then obtained as:

¢
w?t)-f«)--a%’lf. ¢(t-t)-s/n-"?°-Jt (11)

where # (t) 1is the inverse Laplace transform
of g(8)= (X+2a)/(a (X+A))

The oomplexity of equation (11) makes it
diffioult to evaluate the soll parameters
from experimental results. Therefore,
simplifiocation of this general solution has
to be made by observing the physiocal
characteristios,

Under high energy impaoct, soils behave
essentially like a 1liquid material and
oonsolidation is relatively small, It
appears reasonable then to assume that the
deviatorioc deformations predominate. This
means that the volumetrioc change is negli-
gible, or K = e during impaoct. This
assumption ylelds r=e also, and the
solution of equation (11) is then simplified
to

wity pid) = _L.-.:" £ C',-sln’?t

t (12

J

a,
~(G+Q) s B4 G e T

where

G”?'

/
Sae=t 2 3 (13-1)
5 @ %)
N o
Cx . 7'75 (13-2)
C. £ (13-3)
A CoAS 7))
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EVALUATION OF TEE SOIL PARANETERS

The deceleration history (Pig. 3) of the
impast pemetrometer omn the soil surfase ean
be approximated by a sine funotiom

qqt) = - &, IID#

Assuming the final veloelty of tho
penetrometer to be zero without rebound, the
deformation w*(t) can be obtained by double
integration of equation (1%) and has the
forms

(1%)

w"m-—%‘tz(f +;}'-sm ;5‘) (15)

In oxder to evaluate tho soil parameters from
an impaot penetraomster test, ths theoretieal[
equation (12)) and the experimental [ equa-
tions (9) and (15)] ourves were matehed.

By using the prineiple of the lsast square
nethod, soil parsmeters were ebtained for
the theoretioal ourve giving the best fit.
Sinee these soll parameters ocan have

physical significance only for non-negative
valnes, the cesurence of negative values were
exoluded in the proesss of eurve fitting.

The results thus obtained, showed that
ths four paramoter nodsl could be simplified
to a Naxwell model (Pig. 6), since G, was
nsarly equal to sero and 7. ocould be
oombined with '21 to ropruznt a single
dashpot.

Pig. 6 Maxwell Model
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Por tho simplified soil medel, the
ogquation (12) ean be medified as

wiet) peerm ;5_2.[ 3{ ch-’.;-*
(16)

+fT,?-(/- m?)]

This simplified theorstisal ourve [ equatioca
(16) ] was then matched with the experimemtal
eurve by using the same approach that was
discussed previocusly. The caloulated soil
pParameters are shown in Table 1,

DISCUSBIONS AND CONCLUBIONS

Seil parameters can be¢ obtaimed by
fitting a theoretical eurve to the
experimental one senting the variatiom
of the quantity w(%) f (t) of impast
penetrometer tests. The results actually
obtained indicate that the generalised,
rheologioal model originally assumed for the
soils under impacst load can be simplified to
a two-parameter Maxwell model, which still
represents the liquid-solid characteristios.

The constants for the model parameters
ebtained fram different tests on one and the
same target soll are in very good agreememt.
This seems to oconfirm the general wvalidity
of using the Marwell model to represemt the
soll under impact loads.

Camparing the values of the spring
oconstant G1 and the dashpot constant’l] shows
that the viscous part of the deformation
predominatee, because the soil 1is very much
liquefied under the high impaot load.

Finally, the experimental, vertiocal
displacements of the soil at the tip of the
penetrometer can be compared with the
theoretical values by feeding back the soil
parazeters obtained from the experimental
ourves.

This paper presents a simple and
meaningful rheologieal mnodel fer those
dynamio soil problems in whleh the shear
deformations predeminate. The parameters of
the model ean be obtalned quiekly by a simple
impact penetrameter test. The soll responses
under different loadings could therefore
easily be ocaloulated.



PENETROMETER METHOD
Table 1 Caloulated 80il Parameters (Maxwell NModel)

Target Material Remarks ¢, (pe1) N (psl ~ see)
Sandy Prinooton olay Natural soil after two 262.5% 0.5808
days soaked in heavy 264, 0.5721
Tain, w= 27.42% 251, 0.5357
266.2 0.5436
Prinoceton red olay Dry, relatively
loose material, w= 2.65% 156.6 0.4402
201.7 0.4987
1682.8 0.4587
811ty sand at Natural soil 665.3 0.8938
soll surface 882.0 1.0219
8ilty sand, 20" Natural soil 669.3 0.9133
below surface 626.9 0,.8810
610,0 0.8287
|Sandy silt end olay Hatural soil, dary 1178 1.222
1192 1.23%
1331 l.271
andy olay Fleld recently plowed 150.1 0.4093
and disked 225.9 0.5021
201.5 0.4726
Crushed rook #-1" Coapaoted 1709 1.5010
ine sand Natural soil 373.6 0.6466
r 373.6 0.6466
axs Cambar Material used for 155.6 0.4249
=348 at N°C comparison purposes 151.1 0.4111
164.1 0.4288
161.7 0.4227
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time
water oontent
theoretiocal

vertical displace-
ment

experimental vertiocal

displacement
Lames constants

dashpot oonstant

radius of the oontaot

area

volumetrio stress
tensor
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