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ASTM D3441

Photograph of a 
cone penetrometer
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qc = Cone resistance;  fc = Side friction

Usually the friction ratio, Rf is calculated from qc and fc.  Rf = fc/ qc

There is another type of cone equipped with pore pressure transducer that 
measures the excess pore water pressure that develop while conducting the test. 
These are known as piezocone and the enhanced procedure is known as a CPTU test. 
This particularly useful in saturated clays.
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qc =  Total force acting on the cone divided by its projected area (10 cm2)
fc = Total frictional force acting on the friction sleeve divided by its surface area (150 cm2)

Two types:
(a) Mechanical friction cone penetrometer
(b)Electric friction cone penetrometer

Photograph of a 
cone penetrometer
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Pos.2:  Cone is pushed to measure qc

Pos 4: Friction sleeve is pushed to 
measure qs

Pos.1:  Cone is seated

Pos 3: Both Cone & Friction sleeve 
are pushed to measure 
qt =qc + qs

Mechanical cone is advanced 
in stages and measures qc and 
qs at intervals of about 20cm, 
whereas electric cone (fitted 
with strain-gauge) measure 
these quantities continuously
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Electric cone (fitted with strain-gauge) 
measure qc and qs continuously with depth
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http://www.griffithsdrilling.co.nz/services/conepenetrationtest.aspx http://www.brighthubengineering.com/geotechnical-
engineering/48648-geotechnical-examination-and-analysis/#imgn_1

http://brs.upd.edu.ph/featured/

http://geotechnicaldesign.info/fotobank/cone-penetration-test.html

http://earthquake.usgs.gov/research/cpt/

Photographs of CPT equipments  (source internet) 

Equipments vary in thrust capacity and thus maximum depth of exploration

L6/P3

6

(Geotechnical Engineering, principles 
and Practice/Coduto/p.78)

CPT TEST RESULTS
Additional information 
from CPTU (pore water 
pressure vs. depth)
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 CPT is a useful means to determine the soil profile. Since it retrieves data 
continuously with depth (with electric cone) or at very close interval (with 
mechanical cone), CPT can detect thin layers in stratigraphy.  Sometimes use of CPT 
in the first phase facilitate better specification for boring and sampling in the 
second phase.

 It is also less prone to error due to automated operation of the equipment and 
electronic data recording.

Advantages of CPT

Disadvantages of CPT

 No soil sample is recovered. So no opportunity to inspect the soils.
 The test is unreliable or unusable in soils with significant gravel content.
 Although the cost per foot of penetration is less than that for borings, it is 

necessary to mobilize a special rig to perform the CPT.  CPT at a certain site may not 
be possible from the point of equipment mobilization.
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CPT correlations

Cone resistance ,qc ~ Relative Density, Dr
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Cone resistance ,qc ~ Relative Density, Dr ………..contd.
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Cone resistance ,qc ~ Angle of internal friction, f
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Cone resistance ,qc ~ Friction ratio, Fr
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In order to overcome the difficulty of preparing 
the borehole to the proper size self-boring 
pressuremeters (SBPMT) have been developed
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p0 = in-situ horizontal stress 
Pf =creep or yield pressure
Pl = limit pressure

Zone I : Reloading portion 
during which the soil 
around the hole is 
pushed back into the 
initial state

Zone II: Pseudo-elastic zone in 
which the cell volume 
versus cell pressure is 
practically linear

Zone III: Plastic zone

The results of PMT are presented in graphical form
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L6/P16
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Vane Shear Test L6/P17

Field Vane

Hand Vane
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Advantages and Limitations of Field Vane Shear test 

Undrained shear strength, pre-consolidation pressure and OCR can be determined 
using appropriate correlations.
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Field vane shear strength ~ Pre-consolidation pressure
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