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ABSTRACT
Cone Penetration Test (CPT) is an exploration tool used in site investigation and
soil exploration. It has a long history in geotechnical engineering. From the basic tool
of the Dutch to the advanced integrated modulus type, CPT had developed so much
over the years. A considerable amount of experience and knowledge have been gained
on the value of this method in the understanding and evaluation of the local soils
behaviour. The sand collected from the Construction site of has been tested using CPT
with different void ratio and different Diameters of 25mm, 20mm, 15mm. This study
extracts about the effect of cone diameter in cone penetration test on sand, effect of
moisture content on diameter, effect of Void ratio on cone diameter it can be
concluded that the greater the Diameter, the lesser will be the Depth of penetration
and Higher Penetration resistance
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1. INTRODUCTION:
CPT has been used for penetration test for quality control in sand of very uniform water
content. It can also be derived to find the relationship between the cone penetration resistance
and the liquefaction strength of the sand. It can also be used to estimate material properties of
the soil such as its stiffness and strength in case of subgrade soil. Deepika. Chukka,
Chakravarthi .V.K (2011) stated that as the void ratio decrease due to the effect of moisture
content on DCPI, the value decreases as the bearing ratio also increases. The DCPI can be
used to determine average CBR and the relation can be expressed as log. K. Been & A.
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Quiñonez (2008) It is also apparent from these conclusions that there are many soils that do
not easily fit the idealized “sand” or “clay” behaviour, on which much of soil mechanics
depends.
Zakia.A Baghdadi, Fouad M. Ghazali and Ahmed M. Khan (2009) Provision of sleeve
pipe around penetration rod greatly helped in accurate measurement of cone resistance (qc)
alone. The cone resistance is found to vary linearly with depth or surcharge for the same
relative density of a homogeneous (sandy) soil strata. Abouzar Sadrekarimi (2012) the porepressure sensor, in particular, provides valuable information on thin layers of more, or less,
permeable material, within a soil matrix. Isotropic consolidation has no effect on the shear
strength of the soil at large displacements. Some of the widely used correlations to estimate
the soil unit weight and relative density of loose sands were also evaluated.

2. METHODOLOGY
2.1. Properties of Sand
In a soil, the gravel, sand, silt and clay fractions are recognized as containing particles of
decreasing magnitude. The results of soil properties may also be represented graphically in
the form of a grain size distribution curve in which the cumulative percentages finer than
known equivalent grain sizes are plotted against these sizes, the latter being on a logarithmic
scale. The index properties of the sand used in this project work is furnished in table 1
Table 1 Properties of sand
Sand

Specific Gravity
D10
D30
D60
Cc
Cu
γdmax
OMC
emax
emin
eavg

2.6
0.32
0.45
1.3
0.49
4.06
1.89
14.8
0.629
0.525
0.577

Percentage finer %

Description

Grain size,mm
Figure 1 Particle size distribution analysis
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This deals with the method for the determination of grain size distribution in soils. An
analysis of this kind express quantitatively the proportions by mass of the various sizes of
particles present in the soil. The purpose of a compaction test is to determine the proper
amount of mixing water to be used, compacting the soil in the field and the resulting degree of
denseness which can be expected from compaction at optimum moisture content.
dry density gm/cm3

O.M.C
ZERO AIR VOID
LINE

moisture content %
Figure 2 Compaction characteristics of sand

2.2. Cone Penetration Test,
The test method consists of pushing an instrumented cone, with the tip facing down, into the
tank at a controlled rate, The resolution of the CPT in delineating stratigraphic layers is
related to the size of the cone tip, with typical cone tips having a diameter of
15mm,20mm,25mm.and the setup for the experiment is shown in fig 3.
Table 2 Details of the experimental setup
Sl.no

Description

Value

1
2

Cone diameters
Tank size

15mm,20mm,25mm
20cmx20cmx20cm

Figure 3 Setup of Cone Penetration Test on sand
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The notations followed for various states of sands for determining the effect of cone
diameter is furnished in table 3.3. CPT is carried out by progressively penetrating the soil
under static force. Usually 60° cone (10-15 cm2 area) is pushed at the rate of 1-2 cm/sec
approximately till the final depth is reached. Continuous record and easing penetration
resistance are maintained.

3. RESULT AND DISCUSSION
A method of testing soils by penetrating a cone of standard dimensions into the soil under a
known load and there displacement, Penetration of cone is done with the medium dense and
dense in dry state and respectively in the wet state of sand varying with different diameter of
the cone.

Penetration Resistance, kN

Depth,mm

D=15mm
D=20mm
D=25mm

Figure 4 Penetration resistance vs Depth in mm with different diameter of cone

The figure 4 shows the 25mm diameter takes more load than its smaller counterparts at a
given depth. At a specific depth (say 30mm),uniformity is seen in 15 and 20mm diameter of
cone while a greater cone diameter such as 25mm diameter will vary due to larger skin
friction of the cone.
Penetration
Resistance=10 N
Depth ,mm

Penetration
Resistance=20 N

Diameter of Cone ,mm
Figure 5 Depth of penetration vs Cone Diameter in different load

From the graph shown above, declares clearly that the diameter of the cone has its effect
in the penetration on the sandy soil, the penetration resistance of 10N, 20N and 30N, was
taken as a constant to check on the effect of the diameters of a cone on the process.
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Penetration Resistance,kN

Depth,mm

D=15mm
D=20mm
D=25mm

Figure 6 Penetration resistance vs Depth with different diameter of cone in saturated sandy soil

From the relationship between Penetration resistance and depth as, it can be stated that the
diameter has its effect in the penetration test done on saturated sandy soil, the larger the
diameter the more resistance it takes and less depth required, and the lesser the diameter of the
cone the less load it will takes with maximum depth
Penetration resistance (kN)

Depth ( mm)

D=25 mm
D=20 mm
D=15mm

Figure 7 Penetration resistance vs Depth with different diameter of cone

Penetration Resistance kN

Depth,(mm)

D =25 mm
D=20 mm
D=15mm

Figure 8 Penetration resistance vs Depth with different diameter of cone
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In this graph, all the three diameters takes more loads because the dry density of the soil is
more compare to the other state and it is noticed that 20mm and 25mm diameters seems to be
parallel to each other from the depth of 40mm onwards. This show the linearity of their
proportionality of their property

Depth (mm)

Penetration Resistance kN

D=25 mm
D=20 mm
D=15 mm

Figure 9 Penetration resistance vs Depth with different diameter of cone

From this graph, it is observe that as the depth increases, the larger diameter takes more
load due to its size and it clearly seen that at 25mm depth the load is same for all the three
diameters.
Penetration Resistance (kN)

D=25 mm
D=20 mm
Depth (mm)

D=15 mm

Figure 10 Penetration resistance vs Depth with different diameter of cone

The graph above states that the different diameter of the cone in the dense state of the soil
with the saturated form increases the depth of penetration. The cone of 25 and 20 diameter
shows a gradually similar rate of increment in the depth of the penetration
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Depth,mm

20N
30N
40N
50N
60N
10N

Cone Diameter,mm
Figure 11 Effect of cone Diameter on penetration

The above graph terms that for a given specific load, the depth will vary accordingly in
ascending order for 15mm, 20mm and 25 mm cone diameter respectively. As the load
increases the depth tends to align in a linear manner.

4. CONCLUSION
CPT has advantages over the traditional Standard Penetration Test (SPT) as it’s faster and
requires less labour. CPT has been used for penetration test for quality control in sand of very
uniform water content. It can also be derived to find the relationship between the cone
penetration resistance and the liquefaction strength of the sand. It has greater accuracy with
continuous digital data record enabling the analysis in real time. Other advantages are its
better resolution, its versatility and attainment of pore water pressure, dynamic soil properties,
etc.
In a Medium dense state of sand the Cone penetrate more depth because the penetration
resistance is less. In Dense state of sand as compare to the Medium dense, Cone achieving an
early resistance with minimum depth and has the maximum Penetration resistance. It is
clearly founded that the variation in Diameters does effect the penetration of cone into the
Sample. The sudden drop of penetration Resistance from the Maximum load to the Zero
shows that the Soils has its point of weakness or loose state even beneath.
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