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Introduction 

Evaluation and Analysis of Electric Cone 
Penetrometer Test Results 

by 

Umesh Dayal* 
S.K. Jain* 

The st~tic cone pentrometer test (CPT) has been orginally developed and 
used m Netherland and Belgium to obtain insitu strength properties of 

sub-surface soils. The use of static cone pentrometer has increased in 
recent years because the test (I) is quick, easy and economical, (2) provides 
information on soil . characteristics insitu, aud (3) is a particularly 
good investigative tool for sands, where undisturbed sampling is 
difficult. The major disadvantage of CPT is that it does not provide 
samples for visual observations of soil type and laboratory tests. There arc 
various types of CPT equipments and methods, which have been summa­
rized by Sanglerat (1972). Of these, Dutch CPT sounding systems and 
methods have became popular all over the world. The invention of the 
friction sleeve for measuring the local side fric tion has greatly enhanced 
the value of the information gained from CPT and its use along with the 
cone tip has become a routine. 

Literature review has shown that CPT results can be used, (I) to derive 
information on soil types (Begemann 1965, 1969 and D ayal and Allen 
1975); (2) to determine pile supporting capacity (Vander Veen 1957, Krise! 
1961, Menzenbach 1961, De Beer 1963, Heizenen 1974, and Ruiter and 
Beringen 1979), (3) to determine cf, in sands (De Beer 1948, Meyerhof 1956, 
1961, Sanglerat 1972, Janbu and Senneset 1974, Durgunoglu and Mitchell 
1975, and Schmertmann 1975), (4) to find shear strength in clays, (Sang­
lerat 1972, Durgunoglu and Mitchell 1975, Schmertmann 197S, and Lunne 
and Ruiter 1976), (5) to determine compressibil ity and in-situ relative 
density of cohesionless soils (Meyerhof 1956, Rodin 1961; Schultze and 
Malzer 1965 and Schmertmanri 1975); (6) to estimate the settlement of 
footings on sands, according to the methods proposed by Buisman (1974), 
De Beer and Martens (1957) and Schmertmann (1970); and (7) to charact­
erise vehicle trafficabilily over unpaved soils (Murphy 1965, Frei tag et al. 
1970 and Wiendieck 1970). 

This paper describes the development of an electrical penetrometer 
which has been designed and fabricated at I.LT. Kanpur. The performance 
of the equipment has been evaluated in the field and the test results thus 
obtained are comp~red with mechanical cone penetrometer test results. 
At the outset of this study the state-of-art of estimatin,.,. shaer strenQth 
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p~rameters from C PT results bas been critically reviewed and compared 
with the field test results of this investigation. 

Current Methods for Estimating Shear Strength 

. The s tatic cone penetration test docs not measure shear strength 
directly but measures the cone bearing capacity (qc) and soil steel friction 
(loca l side friction) along the frictio n sleeve .f. bo th of which depend on 
shear strength of soils. During the last decades several theories for cal­
culating shear strength parameters have been presented. In-addition, purely 
empirical correlatio ns based on laboratory tests conducted under controlled 
conditions have been sup.gested for estimating shearstrcngth parame_ters 
and identifications of soil type. Several of these theories are summanzed 
below. 

Angle of !lllemal Friction(</>') in sands 

De Beer Method (1945) 

De Beer's 'old' theory is based on the assumption of an incompressible 
material and that cohesion can be neglected. This method originates from 
bear ing capacity theo ry. This theory has been used widely, although it is 
recognised by the author (De Beer, 1974) that it g ives very conservative 
value of ,p'. 

Meyerhof Methods (1961, 1974) 

Meyerhof ( 1961) has presented bearing capacity factors for various 
angles of internal friction for rough and smooth cones and wedges of 
different apex angles as shown in Figure la correlation between limiting 
static cone resistance (qc is the maximum value of q, obtained at a, critical 
depth , below wh ich the penetration resistance shows little or no increase 
with continued penetration). Mitchell and Lunne (1978), found that this 
method gives ,/>'-values reasonably well where qc does not increase signi­
ficantly benefit a certain depth i.e. in case where critical depth is found. 

Muhs and Weiss Method (1971) 

Based o n large scale model foot ings on sand Mush and Weiss (1971) 
have reported the following rela tionship, 

... (l) 

where_ qc is unit cone resistance in kg/ cm2 and N, is ordinary bearing 
~ap_ac1ty facto r. Because, N , depends o nly on cf/ , one can compute cf,' 
1~d1rectly. T he result generally applies to the bearing capacity computa­
t10n of shallow footings. 

Janbu and Senneset Method ( 1973, 1974) 

Jai:bu and Senneset. hav~ proposed a method fo r determining <f,' 
(effective) and, a, (attraction) 111 sand and cohesive soils, which is based on 
bearing cap_acit)'. theory m odified by_ empirical observat ions. This theory 
applies to s1tuat1ons where qc profile increases linearly with depth in deposits 
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assumed to have an approximately constant ef,, and C over the depth 
interval. The theory can best be described by a straight line given by 

Tf = (a + a') tan </, ' 
in which, 

Tf = shear strength 

a = 'attr-act ion' ( a = ta~</>) , as defined in Figure 2a. 

a' = the effective norma l stress and 

..• (2a) 
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or 

ef>' = effective angle of internal friction. 

The foliowi ng formula is given for cone resistance. 

qc+ a = N, (p'+a) 

qp = Np (p' +a) 

in which 

and 

Np = N0 - l 

qp = qc- p' = net cone resistance 

N 0 = bearing capacity factor, depending on tan cf,'. 

.. . (2b) 

... (2c) 

... (2d) 

... (2e) 
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He?-ce, by plotting q!' versus effective overburdan p', one arrives at the 
following procedure of mterpretation : 

(i) Draw _an a~erage line through t,he yariation of qp with p'. The 
(negative) mtercept on the p -axis equals attraction a because 
qp = 0 when p' = -a from Equation (2c). ' 

(ii) The slope of this line equals Np = Na- I. Hence Nq = Np+ 1 
yields tan <// from Figure 2b. Thus the value of{>' can be calculated 
from tan ,f,' value. 

Janbu and Senneset have given values of tan rf,' and, a, in Table 1 for 
the purpose of illustrating the order of magnitude obtained in the region 
of Norway. 

TABLE 1 

Typical Values of Strength Parameters by Janbu and Senneset (1974) 

Soil Condition 

Sand 

Silt 

Clay 

Friction tan</,' 

0.65-0.95 

0.50-0.70 

0.35-0.60 

Attraction (1, KN/m1 

0.900 

0.300 

0.120 

Mitchell and Lunne (1978), applied this theory for determining cp' for 
number of test sites and found that this method compare reasonably with 
actual measurements. They confirmed that if a straight line portion of 
the qc versus depth cannot be defined, Janbu and Senneset theory can not 
be used. 

Trofimenkov Method (1974) 

A less conservative procedure than that of De Beer,_ ~i th a semi­
empirical basis, is being used in USSR. A chart fo~ determm!ng ,f, froi_n 
overburden pressure and cone resistance presents this correlation, and 1s 
valid up to an effective overburden pressure of I kg/cm2 (Figure 3). 

Durgunoglu and Mitchell Method (1973, 1975) 

This theory is based upon the results of laboratory tests. A rigid 
plastic, wedge-displacement be_aring capacity t~eory was used, with 
empirical modifications to take IJ?-10 acc?unt th~ c1'.cular shape of the cone. 
The ultimate static cone penetrat10n resistance 1s given as : 

q1 ( C) y.B = y,B Ne C:c+N,q !:;,q ... (3a) 

For static penetration tests performed with a given cone there are many 
combinations of C and ,f,' which satisfy Equation 3a for a given value of 
qrfy,. Tf penetration data are available for two sizes of cone, or if the soil 
deposit is homogeneous and the penetration resistance is known at two 
depths, then specific values of C and ef,' may be determined by simultaneous 
solution of two equations of the form of Equation 3a, on~ for ~ach coml;,i-
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FIGURE 3 Method for estimating ,f from q 0 reported in use in USSR 
(Trofimenkov method 1974) 

nation of q1and D/B values. Generally it is easier to eliminate C from 
the two equations and determine ,f, by trial. For cohesionless soil the 
theory leads to · 

qc = 'Ys B Nrq ~rq ... (3b) 

in which qc = static cone point resistance 

y, = soil unit weight 

B = cone diameter 

N,q = bearing capacity factor for wedge penetration (plain strain); 
and 

~rq = shape factor to convert wedge factors to cone factors. 

Therefore, the value of N,q ~,q can be calculated from Equation 3b, 
which is dependent on soil friction angle ef,', base roughness ~/ef,', relative 

depth of penetration D/B, lateral earth pressure coefficient K~ and cone 

apex angle 2oc. Durgunoglu and Mitchell (1975) have presented charts to 
calculate N,, N,q, ~c and ;,q and thereby if,' and c can be estimated 
indirectly. 

Schmertmann Method (1975) 

This is an indirect method for estimating ,f,' through the relative density 
( D,) parameter. From the results of chamber tests on normal consoli­
dated, medium to fine dry and nearly saturated sands carried out at the 
University of Florida, Schmertmann constructed the curves shown in 
Figure 4 which are also based in part on the results from the relative 
density studies of Mississippi River sands below water table. After making ~ 
estimate of D, from Figure 4a, tha value of cf/ can be ~stima,t~d using the 
correlation siv~n ill Fiiuro 4b. . · . · . 
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Overconsolidated sands must be converted to their equivalent normally 
consolidated qc before entering Figure 4. Following two equations can be 
used for this purpose if an independent estimate of the ovcrconsolidation 

ratio (OCR) or the insitu K~ coefficient of the sand is known 

= (OCR)°"3 ... (4a) 
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where, OCR = overconsolidation ratio; 
I 

K = lateral pressure coefficient; 
0 

.. . (4b) 

Mitchell and Lunne (1978) applied this method to va~ious CPT results 
and found that the value of if,' estimated compare well with other methods. 

Shear Strength of Cohesive Soils 

Sanglerat (1972) observed that for the soft cl~ys_ of the Annecy area 
(France) the undrained cohesion was always w1thm the range of qe/20 to 
q./10 and often very close to the value of qcf 15, thus : 

C qc ... (5) 
u=15 

Thomas (1965) and Sanglerat (1972) have shown that for stiff fissured 
clays, the q./cu ratio should be in the range of 25 to 30. 

Schmertmann ( 197 5) 

Following equation, relating undrained shear stren~th Cu, with Ne the 
bearing capacity factor for clay, is popular among engmeers to evaluate 
shear strength of cohesive soils : 

Cu -
q,,-yz 

Ne 
... (6) 

where, Ne is bearing capacity factor for clay, appropriate for a deep, 
circular foundation and yz = total overburden pressure at depth of q •. 

However, Ne depends on various factors and varies from 5 to 70. The 

main factors are clay stiffness ratio, effective friction (tan <p'), K~ or OCR 

shape of penetrometer tip, rate of penetration and method of penetration. 
Thus, to use a single Ne value for all soils, all penetrometer tips represent 
a gross simplification which can lead to serious error. 

. For ordinary clays Ne= 10 with electrical penetrometer tip with cylin­
drical shafts and Ne~. 16 for the Begemann mechanical tip, are used both 
at rates of penetration of 1 to 2 centimeters per second. Meight and 
C~rbett_ (~969) ha".e suggested Ne= 16 for soft clays. It is useful when 
usmg friction cone tips to compute the adhesion on the local friction sleeve 
/,, and use this as a lower limit for Cu. ' 

C-ef> Soils 

~oth Ja11bu and Senneset (l_9?4)and _Durgunoglu and Mitchell (1975) 
metnods can be used for determmmg C and ef>' of the soils. These methods J 
h~v~ be_en discussed in connection with the deterrriiria:tion of interna\ 
fnct1011 1n ~ancl and shall not be repea,t~g again. 
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Advantages And Disadvantages of Various Methods 

E:ich method_ has its own merits and demerits and is applicable to a 
certam type_ of soil. f?e B~er's theory has been used widely, although it is 
n_ow reco¥msed that 1t gives very conservative value of ef,'. Meyerhof's 
method gives </>' values reasonably well where qc does not increase signi­
ficantly b~neath a certain depth i.e. in case where critical depth is found. 
Further disadvantage of Meyerhof theory (1961) is that it can be used only 
for granular ~oils having ef>' > 34°. Jambu and Senneset method compares 
reasonably with actual field measurements. However the application of 
this theory requires a straight line polt of cone pres;ure vs depth profile. 
Quite often it is difficult to interpret straight line profile from actual field 
results. Trofimenkov method is simple to apply provided the overburden 
pressure does not exceeds 1 kg/cmz. This is a serious limitation of this 
method and restrict its use to shallow depth only. Durgunoglu and Mitchell 
method is based on laboratory penetration test results and gives consi­
derable high value of ef>. Further, the interpretation in this method require 
lote of mathematical calculations to arrive c and ef> values. Schmertmann 
method is easy to apply for interpretation of the penetration test results of 
normally consolidated, medium to fine dry sands. In case of overconsoli­
dated sands this method requires additional informations such as 
overconsolidation ratio and in-situ lateral pressure coefficient (Ko) for 
converting qc into qc NC. 

Determination of Soil Type 

Begemann (1965, 1969) has shown that there is a de~nite relati?nsbip 
between the ratio of unit frictional resistance (/,) to umt cone resistance 
(qc) and the soil type as shown Figure 5. Schm~rtmann (1969) h~s pro­
posed the ranges of friction ratios valu~s for vanous types of_ soil~ ~nd 
are given in Table 2. These values are m general agreement with s1m1lar 
information reported by Dayal and Allen (1973). 

Development of an Electric Penetrometer 

Generally two types of static penetrometer_s are used now-a-days 
viz., the mechanical penetrometers and the electrical penetrometers. The 
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Soil Type 
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TABLE 2 

Friction Ratio (Schmertmann, 1969) 

Very shelly deposits lime rock (soft, 
shelly, partially indura ted limistone) 

Clear sand, no plastic fines (inde• 
pendent of relative density) 

Silty sand 

Clayey sand, silts, marls, 
moderately sensitive clays 

Sandy clay 

Relatively insensitive clay 

Friction Ratio per cent• 

0.0-0.5 

0.5-2.0 

1. 75-2.5 

2.33-3.5 

3.00-4.5 

over 4.0 

• Note. Friction ratio is defined as the ratio unit sleeve friction to unit cone 
resistance. 

mechanical type penetrometer has several disadvantages which are listed 
by Dayal and Suppiah (I 979). An electric measuring system offers 
outstanding advantages, as it allows continuous registration and direct 
recording of the desired values with a great degree of accuracy. Therefore, 
various types of electric penetrometers have been developed of which the 
German Maihak cone equipped with a vibrating wire measuring system is 
the oldest (Zweak 1969). In recent years, several kinds of strain gauge 
penetrometers have been developed (DeRuiter, 1971) which provide many 
advantages over the vibrating wire measuring system. 

Traditionally, in India and most other developing countries, mechanical 
penetrometers are widely used because of non-availability of electrical 
penetrometcrs. Recently, a strain gauge type electrical penetrometer was 
developed in India at the authors' institute. The details of this pentrometer 
is discussed below. "' 

Mechanical Design 

The basic dimensions of the electric penetrometer developed are the 
same as those generally adopted for the Dutch cone penetrometer. The 
penetrometer has the following nominal dimensions and characteristics. 

Diameter (outer) 
Cone Angle 
Area of the cone base 
Diameter of the friction sleeve 
Area of the friction sleeve 
Internal dia. of tube: 
(a) Cone strain tube 
(b) Sleeve strain tube 
Outer dia. of tube: 
(a) Cone strain tube 
(b) Sleeve strain tub 

- 35.6 mm 
= 60° 

10 sq. cm. 
35.6mm 

:a 150.0 sq. cm. 

1.778 cm 
c= 2.540 cm 

- 2.032 cm. 
= 2.667 cm. 

i 



ELECTRIC CONE P ENETROMETER 

Wall thickness 

(a) Cone strain tube 
(b) Sleeve strain tube 

== 0.127 cm. 
= 0.0635 cm. 

355 

The cone and the friction sleeve have been designed for a rate capacity 
of 900 Kg. and 500 Kg. respectively. The design is such that there is no 
contact between the cone and connecting rods other than through the 
load cell. The sleeve friction tube forms a cylinderical shaft above the 
cone. 

The details of the various elements of the penetrometre are shown in 
Figure 6. The major components are 

(1) Main block housing the cone strain gauges 

CON NE(T ,QN W•TH noc, 

- RING 

FRICTION SLE E VE (l50crlJ 

FRICllON ShlAIN CAG( '., 
l 
,J CONE S TllAIN GAGES 
l . 

{ 
·_.,,I , , · O-R1NG 

• j _,___,~ -

NOl 10 SC ALE 

FIGURE 6 Details of load cell arrangement 
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(2) Detachable cone base 

(3) Sleeve strain tube 

( 4) Sleeve tube 

Electrical Transducers 

To measure the cone load and the sleeve friction, strain gauge type 
load cells have been developed which are similar in principle to these 
described for 'Fugro' penetrometer by DeRuiter (1971). Each load cell 
contains four pairs of gauge arranged in such a manner that automa~.ic 
compensation is made for pending stress and temp~rature a~d on)y a~1al 
stress is measured. Four strain gauges are gauged m the axial d1rect10n 
and the remaining four in the circumferential direction, at equal distances, 
in the periphery in the tube. A cross-sectional view of the cone and the 
sleeve measuring arrangements is shown in Figure 6. 

Recording System 

The output signals of the cone load cell and the friction load cell are 
recorded on multichannel 'Honeywell' visicorder. Before feeding to the 
recorder, the signals are amplified by selecting a suitable gain on the 
differential amplifiers. The signals are recorded on photosenstive paper by 
the galvnometer deflacqons. The paper speed can be adjusted according 
to the requirements. Alternatively, the data can be recorded on a dual 
trace storage-scope. 

Calibration 

The cone and the friction load cells are calibrated on a loading frame. 
For the calibration of the load cells, special jigs were designed and fabri­
cated so that only axial load was applied during the compression of the 
tube. The cells were loaded up to the design load in 50 kg. increm~nts and 
their response was recorded. The plot of the galvanometer deflection vs the 
applied stress obtained from the proving ring provided the calibration 
curve. The relationship was linear except for a littie scatter. To taken into 
account the drifting of the load cells and the recording system, the follow­
ing calibration checks are usually performed before conducting the test : 

( 1) the actual gain of all amplifiers 

(2) the balancing of the amplifiers 

(3) the input voltage of each load cell (the load cells were cali­
brated at 10 V DC excitation) 

(4) balancing the bridges of the cone and the friction load cells. 

In-Situ Test Programme 

Experimental Set-up 

The_penetrometer is advanced into the soil at penetration rate of 
approximately 1½ cm/sec. by hand operated ring having rated capacity of 
3T. _The pentr?meter rods are added at regular interval of l meter pene. 
tratlon: The ~1gnals from the cone and the friction sleeve load cells are 
transmitted via cables and through the hollow sounding rods to the sur­
face. The signals are amplified before feeding to visicorder which conti­
nuously record resristances. The system is calibrated to provide cone 

j 
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resistance and local friction directly in kg/cm1. The field experimental 
set-up in Figure 7. 

The tests were performed in conjunction with electric cone penetro­
meter with mechanical cone penetrometer to compare and evaluate the 
suitability of electric cone penetrometer. 

Test Beds 

Tests were carried out on following types of test beds : 

(1) Cohesive soil 

(2) Cohesionless soils 

(3) Layered soils. 

Cohesive Soils-The tests on cohesive soil was conducted on local soil of 
I.LT. Campus. The soil at the campus is a typical alluvail soil of Indo­
Gangetic plain which predominently consists of silts. The average properties 
of the test site are given below : 

Liquid Limit 

Plastic Limit 

Grain Size, sand 

silt 

clay 

Dry density yd 

Undrained angle of internal friction (cf>) 

= 31 per cent 

-= 13 per cent 

= 10 to 15 per cent 

= 70 to 80 per cent 

= 10 to 15 per cent 

= 1.66 gm/cc 

= 19° 
Undrained cohesion (c) = 0.3 kg/cm2 

Effective angle of internal friction (¢') = 32° 

The above soil has been classified as CL from IS: 1498-1970. 

FIGURE 7 Photographic views of field test 
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Cohesionless Soils--Due to non-availability of cohesionless soil locally, 
artificial beds of Kalpi sand were prepared. For this, holes of 15 cm di.a. 
were augured to a depth of 2.8 meter and then weighted amount of Kai pi 
sand was filled in the hole. The tests were conducted in the loose sand 
(1.48 gm/cc) and medium dense sand (1.63 gm/cc). The soil properties of 
Kalpi sand are summarised below. 

Effective size ( D1o) 

Coefficient of uniformity (C,,) 

Coefficient of curvature (Cc) 

Specific gravity of grains (G) 

Maximum void ratio (emax,) 

Minimum void ratio (em;,,.) 

Test Bed Very loose 

Dry density (yd) 

Void Ratio (e) 

Relative density (D,) 

Angle of Internal 

Friction (</,') 

1.48 

0.804 

4 

33 

= 0.3 

= 6.7 
=l.67 

= 2.67 
= 0.82 

=0.46 
Medium dense 

1.63 

0.638 

50 

37 

Kalpi sand has been classified as per IS:1498-1970 as SW. 

Layered Soils 
To evaluate the sensitivity of the equipment for layered system, few 

tests were conducted in a artificially prepared layered system in which top 
layer was Kalpi sand to a depth of 2.5 meter followed by local silty soils. 
The procedures for preparation of layered test beds are same that 
discussed for cohesionless sols. 

Test Results 

The CPT results on insitu silty soil (F.C.T.l) have been plotted in 
Figure 8. The depth versus cone resistance and sleeve friction obtained 
by electric cone penetrometer are plotted to a depth of 3.5 meter. For 
comparison, the results of mechnical cone penetrometer have also been 
plotted in the same Figure. 

Friction ratio (F.R.) calculated from electrical and mechanical cone 
pentrometers are also plotted in Figure 8. 

The results_ of electric cone penetration tests on dry loose sand (F.S.T. l) 
and dry medrnm dens (F.S.T.2) Kalpi sand are given in Figure 9. The 
cone resistance and sleeve friction profiles are plotted to a maximum 
penetration depth of 3.5 m. It should be noted that sand was filled in 
the augured hole of a depth of approximately 2.8 m and beyond this depth 
the penetration was in natural silly soil. Friction ratio (per cent) versus 
penetrations depth is also shown in the same Figure 9. The layering 
effect at 2.8 m depth can be clearly observed in this profile. Below 2.8 m 
depth, a sudden increase in sleeve friction is observed which increases 
continuously to penetrated depth. The cone resistance at interface of 
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two layers decreases suddenly and then start increasing again up to a 
penetration depth of 3.5 m. Frictin also shows a sudden increase at 2.8 m 
depth, where penetrometer just enters into the silty soil. 

Interpretation of Test Results 

The different theories and methods for computing shear strength of 
soils, described earlier, are used herein to interpret the results of field test 
data. Following test results are analysed. 

{i) field CPT results on loose sand (F.S.T. l ), 

(ii) field CPT results on medium dense sand (F.S.T.2), 

(iii) field CPT results on silty soil (F.C.T. l). 
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Meyerhof Method (1961) 

The data required to use this method is cone resistance divided by 
overburden pressure (or Nq). A relation between qc/yb, Nq, and cf, is given 
in Figure 1 from which the <f, can be computed. The values of cf, obtained 
by this method for loose and medium dense sand for depth intervals of 
0 5 m are given in Table 3. 

Janbu and Senneset Method (1973, 1974) 

In order to determine the ef, and a (attraction) values, the results of 
penetration test are plotted in the form of net cone resistanee qp versus 
effective overburden pressure as shown in Figure 10. A straight line 
portion for qp versus effective. overburden pressure is selected and ef, and i 
a values are calculated (Table 4) by the interpretation method as· discussed 
previously. 
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TABLE 3 

Determination of cf, from Meyerhof Method 

Depth M F.S.T.1 (Loose sand) F.S.T.2 (Medium dense sand) 
mean --·--m Depth N11 

,, 
in degree Na ¢,' in degrees 

0.0- 0.5 0.25 95 36.0 207 40.0 

0.5-1.0 0.75 86 35.5 160 39.0 

1,0-1.5 1.25 76 35.0 123 37.5 

1.5-2.0 1.75 68 34·5 093 36.0 

2.0- 2.5 2.25 71 35.0 076 35.0 

Average value 4>.,v = 35' 'Pa• = 37.5° 

TABLE 4 

Det.ermination of</, and a from Janbu and Senneset Method 

Test No 
<l>a~ degrees 

Loose sand 
(F.S.T.I) 

Medium Dense 
Sand (F.S.T.2) 

Silty Soils 
(F.C.T.I) 

Trofimenkov M ethod (1974) 

36 

39 

35 

Electric CPT 

O a 11 t/m' c011• t/m'. 

1.5 1.1 

1.5 1.2 

3.1 2.2 

The input required is cone resistance and effective overburden pressure. 
Chart given in Figure 3 is used for computing the values of ef,. The 
computed values of ef, are tabulated in Table 5 

Durgunoglu and Mitchell Method (1973, 1975) 

For interpreting the results of CPT, a plot of cone factor (N,q, ~rq) 
versus rf, is prepared for the various values of ef, rangin from 30° to 45° at 
the interval of 5° and D/B values of 1 to 30 (for the specific value of semi 
apex angle a = 30°). These curves have been prepared from the curves 

given by Durgunoglu and Mitchell (1975). Knowing N,q. E,11 ( =_!f.!_) 
Y••B 

from experimental res'1lts the values of cf, is estimated. 
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TABLE 5 

Determination of ,f, from Trofimenkov Method 

F.S.T.1 (Loose sand) F.S.T.2 (Modium dense sand) 
Depth Mean 

m depth 
m q c I yZ ,f,in 

Qc I yZ, I ,f, in 
kg/cm• kg/cm2 degrees kg/cm• kg/cm' degrees 

0.0-0.5 0.25 03.5 0.04 08.5 0.04 

0.5- 1.0 0.75 09.5 0 .. 11 33.0 19.5 0.12 34.0 

1.0- 1.5 1.25 14.0 0.19 32.5 25.0 0.20 33.0 

1.5- 2.0 1.75 17.5 0.26 31.5 26.5 0.29 32 0 

2.0-2.5 2.25 23.5 0.33 31.5 28.0 0.37 31.5 

Average value </>av= 32 <pav = 32.5 

For D/B >30 the values were calculated by trial and error method. 
Table 6 cives the calculated values of cone factor and cf, for two depth of 
0 to 1.5 ~1 and 1.5 to 2.5 in. 

TABLE 6 

Durgunoglu and Mitchell Method, (Electric CPT) 

F.S.T. l (Loose sand) L.S.T.2 (Medium dense sand) 
Depth, 

m 

0.0-1.5 

1.5-2.5 

D/B 

21.0 

55.6 

Average value 

N,q 1;,q 
(t/m') 

1783 

3660 

,f,', degrees 

38.5 

45.0 

41.5 

N1q• 1;,a 
(t/m2) 

3323 

4686 

,f,' , degrees 

41.5 

46.0 

43.5 

This theory could not be used, for interpreting the results of CPT on 
silty soil of I. LT. Kanpur because 

(i) two sizes of cone tips are not available ; 

(ii) the plot of Ne vs cf, and N,q cf, are not available for the range of ef, 
generally enc0untered (i.e. 15° to 25°). 

Schmertma11n Metheod (1975) 

To use this method, values of Ko, cone resistance, and effective over~ 
burden pressure are required. From the chart given in Figure 4a, the 
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relative density, D,, can be found and the relation between Dr, and 4, 
shown in Figure 4b is then used to estimate 4,. The values thus calculated 
are tabulated in the Table 7. 

TABLE 7 

Determination of D, and if, from Scbmertmann Method 

Depth,m 

0.0-0.5 

0.5-1.0 

1.0-1.5 

J .5-2.0 

2.0-2.5 

Average Values 

0.0-0.5 

0.5-1.0 

1.0-1.5 

1.5-2.0 

2.0-2.5 

Average Values 

qc 
kg/cm2 

03.5 

09.5 

14.0 

17.5 

23.5 

08.5 

19.5 

25.0 

26.5 

28.0 

Determination of Soil Type 

(a) Begemann Graph (1969) 

F.S.T.l (Loose sand) 

z 
kg/cm' 

0.04 

0.11 

0.19 

0.26 

0 .33 

0.04 

0.12 

0.20 

0.29 

0.37 

D, 
Per cent 

30.0 

41.0 

45.0 

50.0 

41.5 

60 

65 

60 

55 

60 

q,' 
Degrees 

35.0 

36.5 

37.0 

37.5 

36.5 

38.5 

39.0 

38.5 

38.0 

38.5 

Figure 5 has been used to predict the type of soil for a particular 
value of unit frictional resistance and unit cone resistance. The relation­
ship in Figure 5 reveals, for cohesionless soils, that percentage of soil 
particles smaller than 16 µ is zero and for silty soils, this relationship 
concludes that the tested soil is silt-clay-sand containing 25 per cent 
to 45 per cent of soil particles smaller than 16 micron. 

(b) Schmertmann (1969) 

To identify the soil type, the relationship between friction ratio and 
soil type has been used. Table 8 gives the soil type predicted from this 
method. 



Test No. 

Loose sand 
(F.S.T.I) 

Dense Sand 
(F.S.T.2) 

Silty Soil 
(F.C.T. 3) 

ELECTRIC CONE PENETROMETER 

TABLE 8 

Prediction of Soil Type, Schmertmann (1969) 

Range of 
P.R. Per cent 

1.0-1.3 

0.9-1.1 

1.4.4.4 

Mean value of 
P.R. Per cent 

1.15 

1.00 

2.90 

fa•aluativn of Existing Theories 

365 

_Type of soil 

Clean sand with 
no plastic fines 

Clean sand with 
no plastic fines 

Silty sand, 
clayey sand and 
silts 

In order to compare the predicted and measured CPT values, a 
summary of results is presented in Table 9. The computed values of rf, , 
attraction, a (Janbu and Senneset method) and relative density Dr 
(Schmertmann method), if applicable are shown in this table. The values 
such as rfo' and Dr calculated/ best predicted from laboratory tests are 
included in this table for ccmparison of the results. 

The comparison of theroeticzi.1 ami experimental results that the 
Durgunoglu and Mitchell method gives very high values compared to 
actual values of ,f,' obtained by o ther methods. The range of variation 
is from 5° to 9°. Trofimenkov method gives the lowest values of ,f,' in 
comparsion to others. 

The values calculated by Meyerhof theory is in between the above two 
extremes. The Meyerhof values are generally higher than the actually 
measured values and the difference ranges from 1° to 3°. 

Schmertmann's method has been applied assuming the value K0 equal 
to (I-Sin¢,). The estimated values of angle of internal friction are within 
the accuracy of 3°. 

Only · Janbu and Senneset's theory provides higher values than the 
measured values. The soil type as determined from the method proposed 
by Be6emann is not very dependable. Schertmann method ( I 969) pre­
dicts the soil type reasonably well. 

Summary and Conclusions 

The main objectives of the present study were, (I) to design and 
develop an electric cone penetrometcr, (2) to test the capability of the 
equipment in laboratory a nd field; and (3) its usaoe to eualuate the 
existing theories for interpretation of GPT results in te;ms of soil pa ra­
me_'.ers (C and ~6) and relative_ ~ensity (Dr), which may be considered 
reliable a,ncj a<;c1,1rate by the pract1sm~ 9n~ineer, · 



Type of Test 
Bed 

Meyerhof 

<r/,' > rf,' 
av 

Loose Sand 34.5-36 35.0 
F.S.T.l 
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av 
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TABLE 9 

Summary of Results 
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Senneset 

aav rf,' 
tim' av 

1.5 36.5 

1.5 38.5 
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In view of above objectives, an electric cone penetrometer has been 
developed and tested successfully in laboratory and field. The developed 
penetrometer contains a load cells of strain gauge type to measure cone 
resistance and sleeve friction simultaneously and continuously up to 
penetrated depth. The theories available in literature relating to inter­
pretation of CPT results have been reviewed. 

The comparision of existing theories with the field test results indicate 
that Trofimcnkov method provides over conservative estimates of <fo' . 
Janbu and Senneset methods and Durgunoglu and Mitchell method gives 
high </>' values than the actual measured values. Both Schmertmann and 
Meycrhof methods provide a reasonable agreement with directly measured 
values and may be used by practising engineer for estimating the <fo' values 
of conhcsionless soil. In ordinary situation the</>' values estimated from 
these methods should be within the range of ± 3°. The friction ratio 
concept can be used for a crude estimation of subsurface materials. 

References 

BEGEMANN, H .K.S. (1965). 'The Friction Jacket Cone as an Aid in Deter­
mining the Soil Profile,' Sixth Conf 011 Soil Mech. and Found. Engg., Vol. 1 pp. 
17-20. 

BEGEMANN, H.K.S. (1969). "The Dutch Static Penetration Test with the 
Adhesion Jacket Cone," L .G.M. Mededelingen, Pnblications Delft Laboratory 
for Soil Mechanics, Vol. 12, No. 4 Apri l, 

BOG DANO VIC, L. (1961). 'The use of Penetration Tests for D etermining the 
Bearing Capacity of Piles,' 5th Int. Co11f. 011 Soil Mech. a11d Found. Engg., Vol. 
2, pp. I 7-20. 

DUISMAN, K . (1944). 'Groundmechanica, Walterman, Delft, 2nd Edition, p. 
177. 

DAYAL, U. (1974). 'Instrumented Impact Co~e Pe~etrometer' Diss~rtation 
Presented to the Faculty of Engineering and Applied Science a~ Memorial Uni­
versity of Newfonland, in 1974, in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy. 

DAYAL, U. and ALLEN, J.H. (1975). 'A Note on Friction Rat ion, Canadian 
Geotechnical Journal, Vol. 12, No. 4, pp. 524-526. 

DAYAL, U. and SPPIAH, A. ((979). •Development of Electrical Penetromcter 
For Site Investigations" Jnternatoinal Symp. on Jnsitu Testing on Soils and Rocks 
and Performance of strnctures, D ec. 19-22, Vol. I, 1979, pp. 405-410. 

DE BEER, E.E. (1948). D onness Concarnant L'.1 R esistance. an Oisaillement 
Deculites des en ais de penetration can profounder, Geotechmque, Vol. I , pp. 
22-40. 

DE BEER, (1953). 'The Scale Effect in the Transposition of the Result of Deep 
Sounding Tests on the Ultimate Bearing. Capacity of Piles aud Caisson Founda­
tion," Geotacl111iq11e. 

DE BEER, E.E. and MARTENS, A. (1957). 'Method of computation of an 
Upper Limit of the Motrogenity of Sand Layers on the Settlements of Bridges, 
4th /111. Conf on Soil Mech. and Found Engg., Vol. I , pp. 275-282. 

D~ RUITER, ( I 971). 'Electrc Pcnetrometcr for Site InvestigatiQps' Joum, of 
Soil Mech. and Found. Eirgg., Division, SM 2, pp. 4~7-47f, · 



368 INDIAN GEOTECHNICAL JOURNAL 

DURGUNOGLU, E, and MITCHELL, J.K. (1973). •static Penetration of Soils,' 
A report prepared for NASA Headq11arters Washington, D.C. Under NASA Grant 
NCR05-003-406, 'Lunar Soil Properties and Soil Mechanics,' Space Science • 
Laboratory, University of California, Berkeley. 

DURGUNOGLU, E and MITCHELL (1975). Static Penetration Resistance of 
Soils; I-Analysis, H-Evaluation of Theory and Implications for Practice, "Soil 
Mech. and Found. Engg., Division. ASCE, SC-IMSP, Vol. I, pp. 172-189, 
ESOPT. (1974). "European Symposium on Penetration Testing," Stockholm; 
Vol. I, State-of-the-Art Reports. 

FREITAG, D.R., GREEN, A.J. and MELZER, K.J. (1970). 'Performance 
Evaluatioh on Wheels for Luner Vehicles," U.S. Army Engineer Watways Experi­
ment Station, Vicksburg, Mississippi, Tech. Roport M-70-2. 

GREGRSEN, O.S., DIBIAGIO, G.E., "Load Tests on Friction Piles in Loos_e 
Sand," Nrowegian Geotechnical Institute, OLSO 1973, Pub., No. 99. 

HALDER, and WILSON (1979). "Uncertainty Analysis of Relative Density", 
Journ. of the GeotechniJa[ Engineeing Division, Proc. Paper 14665. 

HEIJNEN, W.J. (1974). Penetration Testing in Netherland," ESOPT, 
Stockholm, Vol. I, pp. 79-83. 

HOLDEN, J.C. (1978). '_The D etermin~tion o_f pefonnation and Shear S\~englh 
Parameters for Sands using the Electrical Fnct10n Cone Penetrometer, NGI 
Publication No. 110, 1978, pp. 55-60. 

lS : 1498 (1970). "Classification and Identiflca tion of Soils for General Enginee­
ring." 

JAIN, S.K. (1980). "Development of An Electric Penetrometer and its Applica­
tion In Site Investigation," :Master of Technology, Thesis, Department of Civil 
Engineering, I.l.T. K anpur, (India), April, 1980. 

JABU, N. and SENNESET, K. (1974). "Effective Stress Interpret ation of fr. 
Situ Static Penetration Tests," ESPOT, Stockholm, Vol. 2.2, pp. 181-194. 

LAMBE and WHITMAN, (1976). "Soil Mechanics," M .I.T. Wiley Eastern 
Limited, New Delhi. 

MEIGH, A.C. and NIXON, l.K. (1961) . "Comparison of Insitu Test for 
Granuler Soils." 5th Int. Conf on Soil Mech. and Found. Engg., Vol. 1, pp. 499-
507. 

MElGH, A.C. and CORBETT, B.O., (1969). "A Comparison ofln-situ 
Measurements in a Soft Clay in Laboratory Tests And the Settlement of Oil 
Tanks," Conf. In-Situ Invest, Soils Rocks, Lond on, 173-179. 

MENZENBACH, E. (1961). "The Determination of the Permissible Point Load 
of Piles by Means of Static Penetration Tests,'' 5th Int. Conf. on soi/ Mech and 
Found Engg, Vol. 2, pp. 99-104. 

MEYERHOF, G.G. (1956\. "Penetration Tests and Bearing Capacity of Cohe­
s10nless Soils," Journal of Soil Mech and Found Enag Division ASCE Vol 82 
SM!. ' " ' ' ' . ' 

MEYERHOF, G.G. (1961). " The Ultimate B~aring Capacity of Wedge-Shaped 
Foundations,"5th lilt. Conf 011 Soil Mech and Fo1111d. Engg., Vol. 2, pp. 105-109. 

~ITCHELL, J.K. , GUZ_IKOWSJ~J, F. ~ND V[LLET WILLEM, C.B. (1978·, 
_The Measuren:ient of Soil Properttes In-situ" - Present Methods Their Applicabi­

lay and Po_tent1a/. Geotechnica/ Engineering Lawrence Berkly Laboratory, Univ, 
of Cahforma, Berkley, California, pp. 11-14. 

MITCHELL, J.K. AND LUNNE, T.A. (1978). "Cone Resistance As Measure 
ol Sand Strength", NG/ Publication No. 123, OSLO-1978, pp. \.18. 

NEUB_ERT, HERMi;,N, K .P. (1967), ''Strain Gauges Kinds and Uses", 
Macnullan St. l\,fartm s .Press, New York. 

POTMA, T. "Strain Gages-Thc9ry ;im! ApplicatiQ!lS" Dorset :ttouse Stanford 
~treet '. Lon~on (SEl), 196?: · · ·- · · · '· · · ., .. · ' · 

... 

• 



ELECTRIC CONE l'ENETROMETER 369 

RAO, A.S.I.R. ANJ? RAMASAMY, G. ( 1979). ".Estimation of Allowable Soil 
Pressure From Ins1tu Tests on Sand'' ISLTSR and PS Dec 1979 Vol J pp 
145-152 ' ' . ' . ' . 

RODIN, S. (1961). "Experience with Penetrometers, with Particular Reference 
to the Standard Penetration Tests", 5th Int. Conf on Soi/Mecl1a11d Found Engg 
Vol. I, pp. 517-521. ., 

SA~G1:,ERAT, G . (1972). " The Penetrometer and Soil Exploration" Elsevier 
Pubhshmg Co., Amsterdam. 

SANGLERAT, G. (1975). " Measurement of Insitu Shear Strength", ASCE, SC­
IMSP, Vol. I , pp. 57-138. 

SANGLERAT, G, (1978). " Guidelines for CONE PENETRATION TEST 
Performance and Design," U.S. Depar.,tment ofTransportation, Federal Highway 
Administration Offices of Research and Development, Implementation Div. 
Wash., D.C. U.S.A. 

SCHMERTMANN, J.H. (1969). " Dutch friction-cone Penetrometer Exploration 
of Research Area", at Field 5, Elgin AFB, Florida Conducted for U.S. Army 
Eng. Waterways Experimen station, Vicksburg, Miss. , Contract No. DACA 
39-69-C-0035. 

SINGH, Y. (1980). "In-situ Strength Deformation Characteristics of Alluvial 
Soils", Master of Technology, Thisis, I.LT. , Kanpur, India. 

SUPPIAH, A. (1979). "The Development of An Electric Cone Penetrometer for 
Site Investigations", Bachelor of Technology, Project , TIT., Kanpur, India. 

THOMAS, D. (1965). "Static Penetration Tests in London Clay", Geotec/111iq11e, 
15 (2): 174-179. 

TROFIMENKOV, J .G. (1974), " Penetration Testing in USSR", SOA Report, 
European Symposium on Penetration Testing, Stockholm, Sweden, Vol. I , 1974. 

VANDERVEEN C. (1957). "The Bearing Capacity of a pile Predetermined by 
a Cone", 4th Int. Conf 0/1 Soil Mech ahd Found Engg., Vol. 12, pp. 72-75. 

ZWECK, H . (1969). Bangrunduntersuchungen durch sonden, Verlag Van 
Wilhelm Erust and Sohn, Berlin, pp. 58-60. 




