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A Brief History of the CPTs - starting in the 1940s
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CPT Developments

1935 Fi i f1935: First cone in a form
recognisable today - measured
cone resistance only

1970: First commercial electrical
friction cone leading to
improved soil type interpretation

1984: First commercial piezocone
leading to further improvementsg p
in soil type interpretation
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CPT Equipment
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Piezocone – Component Parts

SoilSoil 
seal

Water seal

Cone + friction sleeve sensor

Amplifier unitp

Friction sleeve 
connection

Cone Load sensorCone Load sensor

Inclinometer

Water sealWater seal

Soil seal
Water Pressure sensor
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Filter on cone face
Cone



Why Use CPT?

N=19 @ 1.5m

N=28 @ 3.0m

“CollapsingCollapsing 
sands” at 

4.5m
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CPT Immediately Adjacent to Previous Borehole
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Interpreted su and Dr Profiles

N=19 @ 1.5m

N=28 @ 3.0m

“C ll i d ”“Collapsing sands” 
at 4.5m
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Why Use CPT for Profiling?

Pentre,
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Lab Testing 
(Lambson et al)



Why Use CPT for Profiling?
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Pentre CPT Profiles
(BRE, 1985)



Soil Behaviour Type (SBT) Chart – Robertson (1990)
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CPeT-IT  software



Soil Behaviour Type Profiles Inferred from CPT
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Example Site in Christchurch
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CPeT-IT  software



Example Site in Christchurch
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CPeT-IT  software



Example Site in Christchurch
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CPeT-IT  software



Example Site in Christchurch
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CPeT-IT  software



Ramsey (2002)
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Ramsey (2002)
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Beware of Cavitation
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Pre- and Post-Earthquake Assessments

Pre 2011 Feb earthquake             Post 2011 Feb earthquake

Separation 
distance: 

E: 6.4m
N 0 31N :0.31m

Total:6.4m
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ORBIT database



Pre- and Post-Earthquake Assessments

Pre 2011 Feb earthquake             Post 2011 Feb earthquake

Separation 
distance: 

E: 2.8m
N :4.87m

Total:5.6m
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ORBIT database



Pre- and Post-Earthquake Assessments

Pre 2011 Feb earthquake             Post 2011 Feb earthquake

Separation 
distance: 

E: 10.12m
N :7.65m
Total:12.7

mm
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ORBIT database



Pre- and Post-Earthquake Assessments

Pre 2011 Feb earthquake             Post 2011 Feb earthquake

Separation 
distance: 

E: 4.58m
N :24.65m
Total:25m
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ORBIT database



Summary

The CPT is an excellent interpretive tool for assessing soil layers and soil 
variability.

The pore-pressure sensor, in particular, provides valuable information on 
thin layers of more, or less, permeable material, within a soil matrix.y p

The choice of soil classification model has a significant bearing on the
interpreted soils – over-reliance on a single model should be avoided.p g

Approaches that take into account both friction and PWP information are 
likely to be more reliable (if reliable PWP is available).

Granular inclusions, within a generally fine-grained soil matrix, can cause
unreliable pore-pressure sensor readings

likely to be more reliable (if reliable PWP is available).

unreliable pore pressure sensor readings

Complementary laboratory testing significantly enhances the benefits of CPT.
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Beware cavitation – and if it occurs, then take it into account.



Relative Density

Voids Ratio, e, is the ratio of the volume of voids to  the volume of 
solids

Dr (%) = (ema – e) / (ema – emin) x 100Dr (%)  (emax e) / (emax emin) x 100 

Dr (%) = (d(max)/d) x (d – d(min))/(d(max) – d(min)) x 100r ( ) (d(max) d) (d d(min)) (d(max) d(min))
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Dr = 0% Dr = 100%



Relative Density Video Clip

- Video clip –
I i th R l ti D it f d b d t ib tiIncreasing the Relative Density of a sand by moderate vibration
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Final Condition
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Cyclic Strength and Degradation
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Development of Cyclic Strains and Pore-water Pressure

www.fugro.com



Stress Path During Cyclic Loading to Liquefaction

Yield Line
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Robertson – Liquefaction Assessment Using CPT Resultsq g

CSR7.5 = Cyclic Stress Ratio for Magnitude 7.5 earthquake
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Qtn,cs = qc, normalised wrt effective overburden pressure and fines content



Liquefaction Assessment Using CPT Results
- Robertson (2009)( )
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Liquefaction Assessment Using CPT Results
- Robertson (2009)( )
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Liquefaction Assessment Using CPT Results
- Robertson (2009)( )

www.fugro.com



Example – Liquefaction Assessment

www.fugro.com



Example - Liquefaction Assessment
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Example – Liquefaction Assessment
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Effect of Water Table in Liquefaction Assessment 
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Water Table at 1.0m below ground level CLiq  software



Effect of Water Table in Liquefaction Assessment 
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Water Table at 0.5m below ground level CLiq  software



Effect of Water Table in Liquefaction Assessment 
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Water Table at 0.1m below ground level CLiq  software



Interpreting Low Strain Shear Modulus

G0 = Gmax =  . vs
2

where:
G0 = Gmax = Low strain shear modulus (MPa)
 = mass density (Mg/m3)

Travel Time (ms) S-wave vel (m/s)

vs = shear (S-wave) velocity (m/s)
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Interpreting Low Strain Shear Modulus – Example
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Thank You

Fugro’s WorldTeam –
Meeting the challenge every day, worldwide.
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