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Sources of Data:

1-Generals

Data Sources in Geotechnical Engineering

46th Annual Conference on Deep Foundations

1. Maps 

2. Site visit

3. Drilling, boring, and sampling 

4. Non-destructive tests (Geophysical tests)

5. On-situ tests

6. In-situ penetrating tests

7. Laboratory element testing

8. Laboratory physical modeling (model scale)

9. Full-scale testing

10. Instrumentation and Monitoring
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• Soil and rock; the most variable of all engineering materials.

• Uncertainties In Geotechnical designs

• Role of judgement

A procedure for geotechnical RBD (Honjo, 2011)

1-Generals

Uncertainty in Geotechnical Engineering
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Variability from in-situ testing (Phoon and Kulhawy, 1999)

1-Generals

Uncertainty in Geotechnical Engineering
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Variability from laboratory testing (Phoon and Kulhawy, 1999)

1-Generals

Uncertainty in Geotechnical Engineering
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• Probability of Failure

• Reliability Index

• Model Parameter

• Efficiency Ratio

Phoon et al., 2004

Generals-

1-Generals

Reliability Index & Load and Resistance Factor Design (LRFD)
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2-CPT and Pile Databases

Laboratory Tests Problems

▪ Difficulties for undisturbed sample 

▪ Soil disturbance

▪ Soil volume change 

▪Omitting confinement pressure 

▪ Size effect and size limits

In-Situ Tests

▪Overcome sampling difficulties

▪ Simple and fast

▪ Economical 

▪Generally applicable in foundation engineering

In-situ Testing vs. Laboratory Testing

In-situ testing and Laboratory testing are complementary.
9
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• ASTM D 5778 procedures

• No boring, No samples, No spoil

• Hydraulic Push at 20 mm/s

• Range of sizes:10 cm2 and 15 cm2 probes  

Cone Penetrometer (CPTu) Probes and Terminology

Advantages:

• Fast and continuous profiling

• Repeatable and reliable 

• Continuous records of qc, fs, u per 2.5 cm

• Strong theoretical basis for interpretation

Disadvantages:

• High capital investment

• Requires skilled operators

• Limitation of use in gravel or cemented soils

2-CPT and Pile Databases
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Cone Tracks, Trucks and Special Rigs

2-CPT and Pile Databases
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CPTu: Graphical Records and Log

2-CPT and Pile Databases

12Vancouver, Canada (Campanella et al., 1989)
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❑ Resistivity Cone Penetration Test (RCPTu)

❑ Seismic Cone Penetration Test (SCPTu)

❑ Piezovibrocone

❑ Ultra violet induced fluorescence Cone Penetration Test (UVIF CPT)

❑ MiniCone and Camera Cone

❑ Cone Pressuremeter (CPMT)

Special Piezocones

2-CPT and Pile Databases
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Soil Behavior Classification (SBC) 
& Profiling

APPLICATIONS OF CPT IN GEOTECHNICAL ENGINEERING

Foundation Engineering

Estimating soil strength and 

stiffness parameters

Soil improvement assessment

Problematic soils recognition

Direct approaches

Indirect approaches

Geo-environmental 
Engineering

2-CPT and Pile Databases
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1. Static Methods

Bearing Capacity Estimation
Methods

2. In-situ Tests

4. Dynamic Methods

3. Static Loading Test

5. Numerical Analysis

1- Direct Approaches:

2- Indirect Approaches:

fs

rt
qc

rs

c,  qultfsqc,

Similarities between the cone penetrometer and piles

Penetrometer can be realized as a model pile. 

qt

fs

2-CPT and Pile Databases
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No. Method/ Reference No. Method/ Reference

1 Begemann (1963, 1965, 1969) 15 Fugro-05  (Kolk et al.  2005)
2 Meyerhof (1956, 1976, 1983) 16 UCD-05 (Gavin and Lehane 2005)
3 Aoki and Velloso (1975) 17 ICP-05 (Jardine et al. 2005)

4 Nottingham (1975), Schmertmann (1978) 18 UWA-05 (Lehane et al. 2005)

5 Penpile (Clisby et al.1978) 19 NGI-05  (Clausen et al. 2005)

6 Dutch (de Ruiter & Beringen 1979) 20 Cambridge-05  (White & Bolton 2005)

7 Philipponnat ( 1980) 21 Togiliani (2008)

8 LCPC (Bustamante & Gianeselli 1982) 22 German (Kempfert and Becker 2010)

9 Cone-m (Tumay & Fakhroo 1982) 23 UCD-11 (Igoe et al. 2010, 2011)
10 Price and Wardle (1982) 24 V–K (Van Dijk and Kolk 2011)
11 Gwizdala (1984) 25 SEU (Cai et al.  2011,  2012)
12 UniCone (Eslami & Fellenius 1997) 26 HKU (Yu and Yang  2012)

13 KTRI (Takesue et al. 1998) 27 UWA-13 (Lehane et al. 2013)

14 TCD-03 (Gavin and Lehane 2003) 28 Modified UniCone (Niazi and Mayne 2016)

Bearing Capacity Direct CPT and CPTu-based methods: Pile Bearing Capacity

2-CPT and Pile Databases
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 Databases are collections of data which are organized in order to facilitate access 

and retrieving data when they are needed. 

Databases

2-CPT and Pile Databases

Advantages and Applications:

I. Cost saving and project execution time

II. Optimization of design methods

III. Evaluation of design methods

IV. Development of new methods

V. Improvement of geotechnical studies

 Topics of some Databases in 

 Geotechnical Engineering:

1. Geohazards

2. Earthquake induced liquefaction

3. Pile loading test

4. Retaining walls and displacement

5. In-situ tests

6. Geotechnical zones and micro-zoning

7. Geotechnical aspects of shallow foundations 17
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2-CPT and Pile Databases

Louisiana, USA

Pioneers in CPT and Pile Databases:

Nottingham (1975)

Meyerhof (1976, 1983)

Schmertmann (1978)

de Ruiter & Beringen (1979)

Bustamante & Gianesselli (1982)

Tummay & Fakhroo (1982)

Florida, USA

FHWA Guidelines

North Sea, Europe

LCPC, French Method

Canada and USA

18
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2-CPT and Pile Databases

❑98 case studies of steel and concrete piles with square, H, circular cross sections

Briaud and Tucker (1988) Database

❑ 95 case records of axial load testing on bored piles from29 sites and 8 countries

Alsamman (1995) Database

❑ 102 case studies from 40 sites and 13 countries

Eslami and Fellenius (1997) Database

❑35 case studies of prestressed square concrete piles

Abu-Farsakh & Titi (2004) Database

Later developed CPT and Pile Databases:

19
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2-CPT and Pile Databases

❑ 77 tensile and compressive loading tests for driven concrete piles in sands 

UWA (Lehane et al., 2005) Database

ZJU-ICL Database (Yang et al., 2015)

❑ Zhejiang University/Imperial College London (ZJU-ICL) database

❑ 115 driven piles in sand

Kempfert & Becker (2010)

❑ German method

❑ 1000 case records

Later developed CPT and Pile Databases:

20
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AUT:Geo-CPT&Pile Database

GEOTECHNICAL INFORMATION, CPT AND CPTU DATA AND PILE LOADING TESTS RECORDS

• 600 Records of pile axial loading tests along with adjacent CPT or CPTu profiles.

• Digitizing load-displacement diagrams derived from loading tests and CPT profiles

• Soil Properties

• Includes a wide range of clayey, silty and sandy soils.

• Classified within three categories: Sandy, Clayey and Mixed soils

2-CPT and Pile Databases
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2-CPT and Pile Databases

600 Records of pile axial loading tests along with adjacent CPT or CPTu profiles.

22
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Embedment Depth Cross SectionMainly from 5 to 75 m

Cross Section Shape Material

Installation Method

Mainly from 100 to 900 mm

 Round

 Square

 Pipe

 Triangle

 Steel

 Concrete

 Composite (steel and concrete)

 CFG (Cement, Fly ash, Gravel)

 Driven

 Bored

 PGDS (Pressure Grouted Drilled Shaft)

 APGD (Augured Pressure Grouted Displacement)

 DCIS (Driven Cast in-situ)

 Atlas (DD)

 Fundex (DD)

 Olivier (DD)

 Omega (DD)

 De Waal (DD)

 Jacked

 Vibro

 CFA

 Pressed

 Helical

AUT:Geo-CPT&Pile Database-Piles Specifications 

2-CPT and Pile Databases
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Moshfeghi & Eslami (2015-2019)

2-CPT and Pile Databases
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Moshfeghi & Eslami (2015-2019)

2-CPT and Pile Databases
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Moshfeghi & Eslami (2015-2019)

2-CPT and Pile Databases
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Drilling displacement procedure of Atlas piles 

(Basu et al., 2010)  
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Evaluation results of CPT-based methods based on shaft shapes

Reliability-based Assessment of Drilled 

Displacement Piles Bearing Capacity 

Using CPT Records

Moshfeghi & Eslami (2015-2019)

2-CPT and Pile Databases

27



46th Annual Conference on Deep Foundations

Moshfeghi & Eslami (2015-2019)

2-CPT and Pile Databases
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2-CPT and Pile Databases

Eslami, Moshfeghi, Heidari, Valikhah (2019)- Fellenius Issue
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2-CPT and Pile Databases

Eslami, Lotfi, Infante, Moshfeghi & Eslami (2019)
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Eslami, Lotfi, Infante, Moshfeghi & Eslami (2019)

Shaft bearing capacity regarding Scale 

effect (fs-rs)

2-CPT and Pile Databases
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2-CPT and Pile Databases

Heidari, Eslami and Jamshidi (2019)

32
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2-CPT and Pile Databases

Assessment of different predictive methods for a database including 60 driven piles 

and their adjacent CPT records
• Static Analyses
• CFEM

• API

• SPT-based methods
• Meyerhof (1976)

• Shioi and Fukui (1982)

• Bazaara and Kurkur (1986)

• Briaud and Tucker (1988)

• Decourt (1995)

• CPT-based methods
• Schmertmann (1978)

• DeRuiter and Beringen (1979)

• Bustamante and Gianeselli (1982)

• Meyerhof (1956, 1976, 1983)

• UniCone (1997)

Square-concrete, 
23%

Open-Ended 
pipe pile, 

15%

Closed-ended pipe 
pile, 45% H-Pile, 2%

C-C*, 12%

PHC**, 2%
Round-concrete, 

2%

Other, 15%

Pile Shape Distribution

Sandy Soil, 32%

Clayey Soil, 45%

Mixed Soil, 23%

SOIL TYPE DISTRIBUTION

Heidari, Jamshidi and Eslami (2020)
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Probabilistic Assessment of Model Uncertainty for Predictive Methods
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CPT-based methods
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2-CPT and Pile Databases

Heidari, Jamshidi and Eslami (2019)
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2-CPT and Pile Databases

Eslami and Heidari (2020)
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2-CPT and Pile Databases
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Characteristics of studied piles according to their material; (a) 

Length, (b) dimension, (c) ultimate bearing capacity and (d) 

soil type

In this study to access the

performance of CPT-based methods

• A database of 62 piles with their adjacent

CPT records from AUT:GEO-CPT&Pile

database was gathered.

• These records belong to different continents:

• Asia (31%),

• Europe (24%),

• North America (42%), and

• Australia (3%).

• About 47%, 23%, and 30% of site soils are

clayey soil, mixed soil, and sandy soil,

respectively.

3-Statistics and Probabilistic Criteria
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3-Statistics and Probabilistic Criteria

• CPT-based methods outperforms other approaches in prediction of piles’ bearing capacity for the 

investigated database.

• Six CPT-based methods were selected

• LCPC (Bustamante and Gianeselli 1982)

• UniCone (Eslami and Fellenius 1997)

• UWA (Lehane et al. 2005)

• ICP (Jardine et al. 2005)

• German (Kempfert and Becker 2010)

• Modified UniCone (Niazi 2014 & Niazi and Mayne 2016)

• The probabilistic and statistical criteria include

• Mean and coefficient of variation

• Best fitted line

• 20% accuracy level

• Cumulative probability (P50, P90)

• Root mean square error (RMSE)

39
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3-Statistics and Probabilistic Criteria
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Mean:1.28 IQR:0.33
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Median:1.19

Mean:1.14

IQR:0.49

Median:1.15
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Max:2.01
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Min:0.34 Min:0.39
Min:0.45 Min:0.46

Min:0.33

IQR
Median
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The performance of investigated CPT-based methods via box plot
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Performance of the methods via statistical and probabilistic criteria

Methods

C1 C2 C3 C4 C5

μ COV R1 Qfit/Qm R2 R2 20% AL* R3 P50 P90 R4
‡RMSE R5

LCPC (Bustamante &

Gianeselli 1982) 1.28 0.44 1 0.83 0.78 2 0.34 1 1.12 2.16 3 3346 3

UniCone (Eslami & Fellenius

1997)
0.98 0.33 6 1.05 0.8 6 0.46 6 0.95 1.45 6 1836 5

UWA (Lehane et al. 2005)
1.14 0.35 2 1.12 0.62 3 0.4 3 1.19 1.71 1 3461 2

ICP (Jardine et al. 2005)
1.06 0.34 4 1.09 0.69 4 0.43 4 1.15 1.49 2 4136 1

German (Kempfert & Becker

2010) 1.13 0.42 3 1.04 0.69 5 0.39 2 1.08 1.69 4 964 6

Modified UniCone (Niazi

2014; Niazi &Mayne 2016)
0.97 0.33 5 1.32 0.66 1 0.43 5 0.94 1.30 5 2570 4

*AL: Acceptance Level; ‡RMSE: Root Mean Square Error

3-Statistics and Probabilistic Criteria
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4-Reliability-based criteria

 

Reliability–based evaluation of CPT-based methods for pile bearing capacity 

Reliability based assessment criteria (Eslami et al. 2019)

Reliability-based evaluation of CPT-based methods for pile bearing capacity
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The efficiency ratio for CPT-Based methods classified 
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Characteristics of classified groups according to “input 

variables” criterion; βTarget=2.33, QD/QL=3
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4-Reliability-based Approach
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Characteristics of classified groups according to “Model 

Assumptions” criterion; βTarget=2.33, QD/QL=3
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4-Reliability-based Approach

45



46th Annual Conference on Deep Foundations

Characteristics of classified groups according to “Soil Behavior 

Classification” criterion; βTarget=2.33, QD/QL=3
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4-Reliability-based Approach
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Characteristics of classified groups according to “input 

variables” criterion; βTarget=2.33, QD/QL=3
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4-Reliability-based Approach
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Characteristics of classified groups according to “Influence 

Zone” criterion; βTarget=2.33, QD/QL=3
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6-Remarks and Conclusions

1. CPT and Pile (Past):

❑ Provides continuous records with depth

❑ Cone penetrometer is considered as a model pile

❑ Direct and indirect approaches for bearing capacity

❑ Bearing capacity methods: more than 28 currently used

Data Design Performance
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2. CPT & CPTu: Pile Geotechnical Design (Present):

Approaches for using CPT records in pile geotechnical design

Data Design Performance

57
Mayne et al. 2009

6-Remarks and Conclusions
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3. New trends (Prospect): Data-based approach in design

58

6-Remarks and Conclusions



46th Annual Conference on Deep Foundations

• Reliability-based criteria include

• Input variables, 

• Model assumptions, 

• Soil behavior classification

• Loading direction and 

• Influence zone and averaging technique 

6-Remarks and Conclusions

• Data processing

• Pile installation method

• Friction Fatigue

• Failure Criterion

• Data production-cone type

59

• The statistic and probabilistic criteria include

• Mean and coefficient of variation,

• Best-fitted line,

• Cumulative probability,

• 20% accuracy level, and

• RMSE

• Efficiency ratio
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6-Remarkable Comments

Esalmi et al. 2020
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