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Laboratory cone penetration tests were 
carried out by means of a cone having an 
apex angle of 50^ and a base 40 mm in 
diameter. The cone was pressed into the 
sand at rates varying from 0.31 mm/sec 
to 8.1 mm/sec, i.e.more than 25-fold. 
Each, test was carried out at a constant 
rate. 

For this purpose, a special assembly 
was designed (Lavisin,1975) having a 
stoke up to 90cm. The cone was mounted on 
a rod 16mm in diameter. Thus,the ratio 
of the cone diameter to the rod diameter 
was equal to 2.5fwhereas the minimum re-
commended ratio i s 1.6. The tests were 
condxicted in a metal tray of si i f f icient 
rigidity whose dimensions were 56.6x55*4x 
x55 cm; the front wall was of glass. ОЗае 
cone was pressed into air-dry quartz 
sand (Si02 content up to 98.7 per cent, 
unit weight equal to 2.68 cN/cm^), which 
had a constant porosity during each test . 
The porosity varied with each test from 
e=:0.89 ( ^^=1.42 cN/cm3) to e=0.56 
( =1.72 cN/cm*). According to accepted 
classif ication, the sand i s considered 
to be coarse-grained and homogeneous. 
Its size grading was as follows: f r a c t i -
ons with a diameter exceeding 0.5mm-88 
per cent} from 0.5 to 0.25mm-ll per cent; 
and smaller than 0.25mm-l per cent. The 
angle of internal fr ict ion f o r this sand 
was determined in a triaxial apparatus. 
The obtained results were approximated 
by the following relationship: 
0=б7.О84У-67.917=67.917 ( i ) 1+e 
at a correlation factor of 0.98 
The same results were obtained during . 
tests carried out at two rates: 0.15mm/ 
/sec and mm/sec. The results of both 
tests were indentical. A "meshing" of 
the sand was observed. This corresponds 
to the init ial section of the curve ob-
tained in i t s linear approximation and 
characterized by the relationship 
c = o . l ( X - p , where the dimensions of 
are cN/cm5; and those of с are N/cm^, 
This "meshing" appears to depend on Ше 
cone penetration rate. However, because 
of the relatively small interval of pe-
netration rates under consideration and 
the smallness of the value с i t s e l f , 
the influence of the rat;e on с i s dis^ 
regarded. 

The main aims of the investigation 
were: (1) to determine the magnitude of 
the penetration force P as a function of 
the rate of cone penetration V, depth 
of penetration H and unit weight of the 
so i l ; and (2) to establish the character 
of particle displacement in the sand 
around the penetrating cone by means of 
photography ( for this purpose use was 
made of a semi-cone that travelled along 
the glass wall of the testing tray) . 

To solve Ше f i r s t problem, cone pene-
tration was carried out to a depth of 
45 cm, which i s equal to 6 times the 
height of the cone. The penetration rates 

The tests revealed that the relation-
ship between the penetration force P and 
the penetration rate V i s of a parabolic 
nature and reacher i t s . Minimum at the 
penetration rate v=4.3 mm/sec. The pe-
netration rate that corresponded to the 
minimum penetrating force did not de-
pend on Ше den^ty of the s o i l . Since 
the influence of the cone penetration 
rate on the penetration force has not 
been suff ic ientlv investigated, i t is 
assximed that P(v;=:K(v)Po, where Po is 
the penetration force at V-^0 . The 
value of the dimensionless coef f ic ient 
was established by means of test data 
К = 1-0.0165V + 0.0194 V^ (2) 
where V i s in mm/sec. The tests revealed the presence of a 
c r i t i ca l depth of cone penetration H ,̂ 
corresponding to a maximum penetration 
foa?ce P. Further penetration of the cone 
took place either at a constant force , 
or even a certain decrease in the force 
was abserved. This phenomenon was obser-
ved mainly in dense sand. The penetrati-
on force Po, corresponding to extremely 
small penetration rates V-^0, i s related 
to the angle of internal fr ict ion p . 
The f inal aim was to establish the magni-
tude of the angle of internal f r i c t i on 

0 f or the sand by means of penetration 
tests. This relationship can be found 
either empirically or theoretically, by 
making use of the solutions in the theory 
of limiting equilibrium of loose media. 

The proposed theoretical treatment of 
the problem i s based on a solution sug-
gested by V.G.Berezantcev (1955) f o r cer-
tain cases of the axLsymmetric problem 
in the theory of limiting equilibrium 
of loose media. An sp proximate design 
scheme of soi l failure is proposed in 
the f o l l o w i ^ on the basis of Berezant-
sev*s solution and an algorithm has been 
composed f o r solving the problem. The 
resultar of the obtained numerical solu-
tion are presented in the table. I t 
should be noted that the above-mentioned 
solution of Berezantsev was developed 
further by Klemiatsionok (1971), who 
took into account the fr ict ional forces 
that arise along the cone surface upon 
i t s penetration into the soi l and estab-
lished that the angle of f r i c t ion along 
the cone surface can be taton from to 
100. V.V.Belenkaya (1972), who also 
worked on this problem, took into account 
the curvature of the shear diagram for 
the rarge of small pressures and showed 
that this measure has a substantial e f -
f ec t on the results of ceiculation 
(naturally, she assiaaed c*=o). Making 
use of Berezantsev*s basic equiations 
(1958) and the boimdary condition at the 
surface of the cone 

211 +arc sin Siai lv ( j ) 
2 2 sia 0 

where У i s the angle between the large 
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radians along the surface of the cone# 
The depth of cone penetration was conditi-
onally taken into account by means of a 
surcharge, equal to and acting along 
a horizontal plane, passing through the 
base of the cone. Angle i s determined 
by making use of the photographs of par-
t i c le displacement in the sand. The f o l -
lowing relationship i s established bet-
ween 00 and ^ : 
Ф As a result,the f o l l o -
wing relationship has been obtained f o r 
Pr 

Po=2 ITy^+sin0 xsece^x cos - 9̂ 0 -
^xy^G(r ) . r ,dr - j r a^c, 

' л Sin 
(4) 

where JL = angle at base of cone; 
^ =900-500/2=75^ 
a ssthe radius of i t s base 
G =mean stress at a point. 

The integral in equation (4) was compu-
ted point by point,and approximately by 
the area of a trapezoid, where values of 
g at the base and the apex of the cone 
serve as i t s ordinates. The ampli f ied 
computation by means of a trapezoid i s 
justi f ied by the fact that in the limi-
ting state a redistribution of stresses 
occurs- a "saturation" of the stress 
diagram up to a trapezoid (Berezantsev, 

The calculation results revealed the 
following: (1) i t can be assumed that 
during the process of cone penet^ration 
the diagram of stresses^along the cone 
surface passes over with the depth from 
an "integral" Py to a trapezoidal P^ 

It may be that the cr i t i ca l peenetra-
tion depth of the cone i s characterized 
by a complete transition of the stress 
diagram into a trapezoid; (2) f o r a den-
ser sand, the "saturation" of the stress 
diagram occurs at lesser depths than for 

looser sand. Results of calculations and 
test data are given in Table ,where P ,̂-
are test data} Py- -results of calcula-
tions by means of an "integral" diagram» 
P^ -results of calculations by means of 
a trapezoidal diagram. 

Tests toy means of photography (see 
Pig. ) showed that: 
(1; The zone of so i l deformation (at 'a 
constant unit weight before the given 
test f o r the same depth, does not de-
pend on the rate of cone penetration, 
but a change occurs in the angles at 
whic^ the so i l particle displacement 
paths approach the cone and go out 
into the soil mass* 
(2) The visible zone of so i l deformation 
increases with the penetration deptdi# 
The development of a larger zone of de-
formation to the sides i s characteristic 
f o r a denser sand« 
(3) In the case of a loose sand,the dis -
placement paths have a larger radius 
of curvatxire. 
(4) \Vith an increase in sand density at 
¥=const, the zone of soi l deformation 
i s increased together with the angle of 
approach of the displacement paths to 
the cone. The zone of deforming so i l 
above, the base of the cone also increa-
ses. 
(5) The angle of path approach in a l l 
cases decreases toward the apex of the 
cone* 

The lines seen in the photogiraphs 
were treated as envelopes of the displa-
cement paths of particles (Malyshev, 
1971)# 
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TEST DATA AND COMPUTED VAIUES OF THE FORCES OF PENETRATION,N 

oN/cm? P, Н, сш 
N 5 10 15 20 25 30 35 

1.42 P< _ 40 65 94 116 151 155 
Р/ 10 32 48 64 76 92 107 

11 46 60 73 126 142 2'59 
42 68 126 186 236 175 302 

1.50 Р/ 18 62 93 123 150 180 210 
Рл 22 84 112 141 237 270 305 
Рб 48 125 296 526 743 923 1017 

1.60 Р/ 44 156 231 309 387 464 542 
Рл 76 374 516 615 719 826 934 
Р* 52 168 438 933 I34I 1666 • • 

1.69 Р/ 94 336 510 684 858 1060 1264 
Pẑ  115 689 913 1132 I35I 1665 1874 
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Photofixation test resu l t s . Diameter of 
cone 6.0 csm. Unit weight 1.42 cH/cm-. 
Maximum penetration depth 22.5 cm. Rate 
of penetration V = 0.62 cm/sec. 


