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 Geomaterials:
Soil, Rock & Ground Water

 Geosynthetics:
Geotextile, Geogrid, Geomembrane, …

 Geostructurs:
Foundation, Earth Retention Systems, …

Geotechnical Engineering World

5/86

1. Geotechnical Engineering & Site Investigations 



Major Topics in Geotechnical Engineering (GE)

(1) Sample recovery

(2) Subsurface profiling & Groundwater table

(3) Site response to geohazards

(4) Selecting and design of foundation systems

(5) Sufficiency of geomaterials for borrowing

(6) Health, safety and strategy management

(7) Recognition of underground structures behavior

(8) Support and stabilization of deposits and slopes

Overlap of Geotechnical 
Engineering with Other Disciplines
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1. Geotechnical Engineering & Site Investigations 



(1) Maps

(2) Aerial Photos 

(3) Site Visit

(4) Non Destructive Tests

(5) Remote Sensing

(6) On-Situ Testing

(7) In-situ Penetration Testing

(8) Boring and Sampling

(9) Laboratory Testing

(10) Physical Modeling

(11) Full-scale Tests

(12) Instrumentation & Monitoring

Data Sources
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1. Geotechnical Engineering & Site Investigations 



Major Approaches: Boring, Sampling & Laboratory Testing
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1. Geotechnical Engineering & Site Investigations 



Major Approaches: Field Testing Devices and Probes

(Mayne, 2016)
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1. Geotechnical Engineering & Site Investigations 



Major Approaches: In Situ Penetration Tests

SPT CPT DMT PMT VST

NikoueiNahali, A. & Eslami, A. (2020 – 2022)
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1. Geotechnical Engineering & Site Investigations 



In Situ Tests and Their Applicability

(Lunne et al., 1997)
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1. Geotechnical Engineering & Site Investigations 



Typical Subsurface Log & Profile: Conventional Approach
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1. Geotechnical Engineering & Site Investigations 

Only a few 

sets of data



Why In-Situ Testing?

Laboratory Tests Limitations Field Tests Advantages

Difficulties for undisturbed sampling

Soil disturbance & maintenance

Soil volume change

Omitting confinement pressure

Size effect and boundaries

Overcome sampling difficulties

Simple and fast

Economical

Dominant applications in FE

Minimum changes in stress state
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1. Geotechnical Engineering & Site Investigations 



Evolution of Geotechnical Design Basis 

(Mayne, 2016, adapted from Lacasse 1985)
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Background

CPT involves driving a system of a steel cone and rods
into the ground, and recording the mobilized
resistance to penetration in the soil.

 Simple and relatively economical.

 Continuous records with depth.

 Interpretable on both empirical and analytical bases.

 Sensors can be incorporated with penetrometer.

 A large experience-based knowledge is now available

CPT; mostly applicable in soft to medium, 
compressible & problematic deposits
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2. Cone & Piezocone Penetration Tests (CPT & CPTu)



Equipment & Procedure
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2. Cone & Piezocone Penetration Tests (CPT & CPTu)

Penetration rate: 20 mm/s

Set of data: per 25 mm or 1 inch



Data & Graphical Presentation

1. Measured Parameters

qc, fs, u

2. Corrected Parameters

• Corrected tip resistance:

• Friction ratio:

• Pore pressure coefficient:

𝑞𝑡 = 𝑞𝑐 + 𝑢2(1 − 𝑎)

𝑅𝑓 = ൗ𝑓𝑠 𝑞𝑐

𝐵𝑞 = ൗ∆𝑢
(𝑞𝑡−𝜎𝑣𝑜)

Standard Cone;
Base area: 10 𝐜𝐦𝟐
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2. Cone & Piezocone Penetration Tests (CPT & CPTu)



z qc fs u2

m MPa MPa MPa

0 0 0 0

0.02 0.06 -0.0003 0

0.04 0.24 -0.0003 0

0.06 0.16 0.001 -0.0005

0.08 0.71 0 -0.0005

0.1 2.47 0.0004 -0.001

0.12 2.79 0.0147 -0.001

0.14 2.48 0.0215 -0.001

0.16 2.31 0.0386 -0.001

0.18 2.32 0.0479 -0.001

0.2 2.27 0.0639 -0.001

0.22 2.27 0.0759 -0.0005

0.24 2.22 0.0878 -0.0005

0.26 2.1 0.0957 -0.001

0.28 2.07 0.0976 -0.001

0.3 1.99 0.0981 -0.0005

0.32 1.88 0.096 -0.0005

0.34 1.81 0.0926 -0.0005

0.36 1.79 0.092 -0.0005

0.38 1.75 0.0873 0

0.4 1.75 0.083 0

0.42 1.83 0.0764 0

0.44 1.92 0.0728 0

0.46 1.96 0.072 0

0.48 2.06 0.0743 0

0.5 2.08 0.0762 0

0.52 2.05 0.0812 -0.0005

0.54 1.99 0.0863 -0.0005

0.56 1.97 0.0879 -0.001

0.58 1.91 0.0897 -0.001

0.6 1.92 0.0888 -0.0005

0.62 1.91 0.0865 -0.0005

0.64 1.9 0.0885 -0.0005

0.66 1.83 0.0903 -0.0005

0.68 1.73 0.0935 0

0.7 1.68 0.0918 -0.0005

0.72 1.5833 0.0877 0

0.74 1.4867 0.0836 0

0.76 1.39 0.0795 0

0.78 1.36 0.0806 0

0.8 1.33 0.0792 0

0.82 1.28 0.0775 0

0.84 1.2 0.0772 0

0.86 1.18 0.0739 -0.0005

0.88 1.16 0.0704 -0.0005

0.9 1.14 0.0648 0

0.92 1.09 0.0634 -0.0005

0.94 1.04 0.0619 0

0.96 1.02 0.0586 -0.0005

0.98 0.98 0.0558 0

1 0.99 0.0536 0

Data & Graphical Presentation

Tons of Data in 1 Meter !!!
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2. Cone & Piezocone Penetration Tests (CPT & CPTu)

(Fakharian et al., 2021)



Special Cones
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2. Cone & Piezocone Penetration Tests (CPT & CPTu)



a) Example of resistivity piezocone profiles (ConeTec, 2019) & b) Example of 
seismic cone records and soil profiling

Special Cones

a) b) 
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2. Cone & Piezocone Penetration Tests (CPT & CPTu)
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Essential Applications of CPT in GE

Soil Characterization and Profiling

Soil Behavior Classification (SBC)

Estimating Soil Engineering Parameters

Identifying Problematic Deposits
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3. Applications of CPT & CPTu in GE



Begemann

(1965)

Schmertmann

(1978)

Douglas and 

Olsen(1981) 

Campanella et al. 

(1983)

Soil Behavior Classification and Profiling
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3. Applications of CPT & CPTu in GE



Soil Behavior Classification and Profiling

Robertson et al. (1986)

A. Eslami Databased CPT & CPTu Applications in FE Jan 27th 2023 25/86

3. Applications of CPT & CPTu in GE

Robertson (2010)



Soil Behavior Classification and Profiling
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3. Applications of CPT & CPTu in GE

Eslami and Fellenius

(1997)

Eslami et al.

(2016 & 2022)

Eslami et al.

(2018)



 Case – based empirical methods

 Simplified analytical methods

 Numerical analyses

 Soft computing in data handing

Estimating Soil Engineering Parameters
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3. Applications of CPT & CPTu in GE



Estimating Soil Engineering Parameters

Relative Density (𝐃𝐫) Friction Angle (𝝋)
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3. Applications of CPT & CPTu in GE



Estimating Soil Engineering Parameters

CPT (𝐪𝐜) correlations with SPT (𝑵)

(Adopted from Robertson & Campanella, 1983)

Stiffness (𝐄𝐬) Undrained Shear Strength (𝐒𝐮)
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3. Applications of CPT & CPTu in GE



Estimating Soil Engineering Parameters

Shear Wave Velocity (𝐕𝒔)
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3. Applications of CPT & CPTu in GE



Estimating Soil Engineering Parameters

Variation range for C (kPa) and ϕ
(Degree)

𝐶 + 0.000789 1 − 𝑠𝑖𝑛ϕ 𝜎𝑣0
′ 𝑡𝑎𝑛

2

3
ϕ

𝑞𝑐 −
𝜎𝑣0 − 2𝜎ℎ0

3

𝜎𝑣0
′ − 2𝜎ℎ0

′

3

1.44

= 𝑓𝑠

𝑡𝑎𝑛2
𝜋

4
+
ϕ

2
𝑒𝜋𝑡𝑎𝑛ϕ − 1 𝐶 𝑐𝑜𝑡ϕ + ത𝑞. 𝑡𝑎𝑛2

𝜋

4
+
ϕ

2
𝑒𝜋𝑡𝑎𝑛ϕ +

𝛾𝐵 𝑡𝑎𝑛2
𝜋

4
+
ϕ

2
𝑒𝜋𝑡𝑎𝑛ϕ + 1 𝑡𝑎𝑛ϕ = 𝑞𝐸 + 𝑁𝑢∆𝑈

C’ , φ’qc, fs, u2

• Eslami & Mohammadi (2016)
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3. Applications of CPT & CPTu in GE



Identifying Problematic Deposits

Douglas & Olsen (1981) Robertson et al. (1986) Robertson et al. (1986) Eslami & Fellenius (1997) Eslami et al. (2016)

• Collapsible Soils Boundaries in Different Charts

• Peaty Soils Boundaries in Different Charts

Douglas & Olsen (1981) Robertson et al. (1986) Robertson et al. (1986) Eslami & Fellenius (1997) Eslami et al. (2016)
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3. Applications of CPT & CPTu in GE



Identifying Problematic Deposits

• Liquefiable Soils Boundaries in Different Charts

• Expansive Soils Boundaries in Different Charts

Douglas & Olsen (1981) Robertson et al. (1986) Robertson et al. (1986) Eslami & Fellenius (1997) Eslami et al. (2016)

Douglas & Olsen (1981) Robertson et al. (1986) Robertson et al. (1986) Eslami & Fellenius (1997) Eslami et al. (2016)
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3. Applications of CPT & CPTu in GE
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Typical Structures Typical Foundations
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4. Databased Approach in Foundation Engineering



Major Analysis & Design Requirements

1. Bearing Capacity

2. Serviceability (Settlement and Torsion)

3. Structural Design

4. Stability Control

5. Full or Model Scale Testing

6. Constructional Aspects

7. Durability 

8. Economic Requirements
Multidisciplinary: Structural, Geotechnical 

and Constructional
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4. Databased Approach in Foundation Engineering



• Embedment 

Depth

• Load Transfer System

(Eslami & Ebrahimipour, 2023)

Section-
act 

Foundati
on

Vector-
act 

Foundat
ion

Surface-
act 

Foundat
ion

Block-act 
Foundation

Hybrid 
Foundation

Section-act 
Foundation

Vector-act 
Foundation

Surface-act 
Foundation

Shallow Foundations Shallow Foundations 
+ Soil Improvement

Semi-deep 
Foundations

Deep Foundations

Foundations Classification
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4. Databased Approach in Foundation Engineering



Databases

Databases are collections of data which are organized in order to facilitate

access and retrieving data when they are needed.

Databases in Geotechnical Engineering

1. Pile loading test (vertical & lateral)

2. Retaining walls and displacement

3. In-situ tests

4. Specifications of geotechnical boreholes

5. Settlement of shallow foundations

Advantages & Applications

1. Cost saving and project execution time

2. Optimization of design methods

3. Evaluation of design methods

4. Development of new methods

5. Improvement of geotechnical studies
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4. Databased Approach in Foundation Engineering



Overview of Some Databases in Geotechnical Engineering

Berkeley Liquefaction Investigation USGS Earthquake Hazards Program
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4. Databased Approach in Foundation Engineering



Overview of Some Databases in CPT & Pile

Briaud & Tucker (1988) Database

• Assessment of 13 methods for determining 

the bearing capacity and settlement based 

on SPT, CPT, PMT and dynamic formulas 

• 98 case studies of steel and concrete piles 

with square, H, circular cross sections

• Pile lengths between 3 and 25 m

• The ultimate loads range from 307 to 2536 kN
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4. Databased Approach in Foundation Engineering



Overview of Some Databases in CPT & Pile

Eslami & Fellenius (1997) Database

• 102 case studies from 40 sites and 13 

countries

• Clay, silt and sand deposits

• Mainly square or circular in sections

• Steel and concrete materials

• Piles bearing capacity: 80 to 8000 kN
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4. Databased Approach in Foundation Engineering



Overview of Some Databases in CPT & Pile

Kempfert & Becker (2010)

• German method
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• 1000 case records

4. Databased Approach in Foundation Engineering



Overview of Some Databases in CPT & Pile

Bolivian Pile Prediction Event 

(Fellenius et al., 2017)

Typical CPTu log in the site Typical predicted and measured load-movement
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4. Databased Approach in Foundation Engineering



Several Comprehensive CPT & Pile Databases

Nottingham (1975)

Meyerhof (1976, 1983)

Schmertmann (1978)

de Ruiter & Beringen (1979)

Bustamante & Gianesselli (1982)

Tummay & Fakhroo (1982)

Briaud & Tucker (1988)

Alsamman (1995)

Eslami & Fellenius (1997)

Abu-Farsakh & Titi (2004)

Lehane et al., (2005)

Kempfert & Becker (2010)
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4. Databased Approach in Foundation Engineering
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Direct Application for Settlement & Load-Displacement

Shear failure zone, a) drained condition, b) undrained 

(Terzaghi, 1943)

Comparison of rupture surface length for shallow and 

deep conditions
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5. CPT & Shallow Foundations



Direct Application for Settlement & Load-Displacement

 

Reference Equations Remarks 

Schmertmann 
(1978) 

𝑞𝑢𝑙𝑡 = 𝑞ത𝑁𝑞 + 0.5𝛾𝐵𝑁𝛾  

𝑁𝑞 = 𝑁𝛾 = 1.25 𝑞𝑐1 × 𝑞𝑐2 

𝑞𝑐1= arithmetic average of qc values in an interval 
between footing base and 0.5B beneath footing 

base. 
𝑞𝑐2= arithmetic average of qc values in an interval 

between 0.5B to 1.5B beneath footing base. 

Meyerhof 
(1976) 

𝑞𝑢𝑙𝑡 = 𝑞ത𝑐  
𝐵

12.2
  1 +

𝐷𝑓

𝐵
  

𝑞ത𝑐= arithmetic average of qc values in a zone 
including footing base and 1.5B beneath the 

footing. 
F.S. at least 3 is recommended 

Bowles 
(1996) 

𝑞𝑢𝑙𝑡 = 28 − 0.0052(300 − 𝑞ത𝑐)
1.5 , 

for strip footings 
𝑞𝑢𝑙𝑡 = 48 − 0.0052(300 − 𝑞ത𝑐)

1.5 , 
for square footings 

𝑞ത𝑐= the arithmetic average of qc values in an 
interval between footing base and 1.5B beneath, in 

terms of kg/cm2. 

CFEM 
(2006) 

𝑞𝑢𝑙𝑡 = 0.30 𝑞ത𝑐  
𝑞𝑎𝑙𝑙 = 0.10 𝑞ത𝑐  

a safety factor of 3 has been suggested 

Tand et al. 
(1994) 

𝑞𝑢𝑙𝑡 = 𝑅𝑘𝑞𝑐 + 𝜎𝑣0 
Rk values range from 0.14 to 0.2, depending on the 

footing shape and depth, and 𝜎𝑣0 is the initial 
vertical stress at the footing base. 

Eslami and Gholami 
(2006) 

𝑞𝑢𝑙𝑡 = 𝛼 × 𝑞ത𝑐𝑔  

𝜑 =
log  

𝑞ത𝑐
𝛾 ′𝑧

 + 0.5095

0.0915
 

𝑞ത𝑐 ,𝑔= geometric average of qc values from footing 

base to 2B beneath footing depth. 
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5. CPT & Shallow Foundations



Direct Application for Settlement & Load-Displacement

• Minnesota CPT Design Guide (2018)

Foundation soil formation parameter 𝒉𝒔

versus CPT material index, 𝑰𝒄 (Mayne, 2017)
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5. CPT & Shallow Foundations



Direct Application for Settlement & Load-Displacement

• Valikhah & Eslami (2019)
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5. CPT & Shallow Foundations
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Background

Penetrometers can be realized as a model pile
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6. CPT & Deep Foundations



Scale Effect Correlations

1. Embedment depth

2. Influence zone

3. Data production processing and averaging

4. Diameter

5. Nonhomogeneous condition

6. Penetration rate and failure mechanism

7. Ultimate capacity interpretation

• Determinant Factors for Toe Capacity

Pile and CPT differences
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6. CPT & Deep Foundations



Scale Effect Correlations

Embedment Depth Influence Zone

Schematic view of transformation of shear 
failure from shallow to deep (Nottingham, 1975)

a) Principle of a logarithmic spiral rupture, b) rupture surfaces 
around pile toe for different soils (Eslami & Fellenius, 1997)
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6. CPT & Deep Foundations



Direct Application for Deep Foundations Bearing Capacity

List of common CPT- and CPTu-based methods for pile bearing capacity

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)
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6. CPT & Deep Foundations



Direct Application for Deep Foundations Bearing Capacity

Meyerhof (1956, 1976, 1983)
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6. CPT & Deep Foundations



Direct Application for Deep Foundations Bearing Capacity

 Toe Capacity

rt = ct × qEg

qE = qt − u

qt = qc + (1 − a)u2

 Shaft Capacity

rs = cs × qEg

qEg = n qE1 × qE2 ×⋯× qEn

Shaft coefficient correlation

Chart for soil classification

Eslami & Fellenius (1997)
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6. CPT & Deep Foundations



Direct Application for Deep Foundations Bearing Capacity

Pile Capacity Calculation Soil Profiling 

Unicone: Fellenius, Eslami & Infante (2002)
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6. CPT & Deep Foundations
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a) Longitudinal view of the bridge, b) pile groups under each pillar , c) typical CPT logs

a) b) c)
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7. Case Studies



CPT test soil profiling
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7. Case Studies



Static load test result; a) compressive (length of 30

m, diameter of 356 mm & wall thickness of 12 mm),

b) tension (length of 70 m, diameter of 305 mm &

wall thickness of 16 mm) (Eslami et al., 2011)

Pile total capacity distribution (length of 75 m, 

diameter of 813 mm & wall thickness of 38.1 mm). 

(Eslami et al., 2011)
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7. Case Studies

(a)

(b)



• 43-story Building
• Milestone in floating foundations technology

The soil profile:

 0–5.5 m depth: Old fill (GWT at 2 m)

 5.5–9.1 m depth: Becarra sediments

 9.1–33.5 m depth: Tacubaya clays;

moisture content = 100 – 400%, 𝑪𝒄 = 8; 𝑺𝒖 = 35–70 kPa.

 33.5–70.0 m depth: Tarango sands

Typical compression Index 𝑪𝒄 values
(Holtz et al., 2011)
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7. Case Studies

The Palace of Fine Arts, located across the street from
the Tower, settled over 3 m (10 ft) from 1904 to 1962
(Zeevaert, 1957).



𝐪𝐜 < 𝟏𝐌𝐏𝐚

Classic log & SPT result (Zeevaert, 1957)Stratigraphic characteristics of Mexico City soil 
deposits (Romo & Garcia, 2003)
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7. Case Studies



Torre Latino Americana Tower: a) general view of, b) the foundation and the sublayer profile (Coduto

et al., 2016), c) schematic of the tower 

(a) (b) (c)
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7. Case Studies



General View of the complex

• Year of Completion: 2010

• Height: 207 m

• Number of Storeys: 57

• Gross floor area: 581,400 𝒎𝟐

• Primary use: Hotel, Conference, Retail, Leisure
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7. Case Studies



Typical Soil Profile of the site Typical CPTu result of marine clay in Singapore
(Bo et al., 2019)
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7. Case Studies



A forest of drilled shafts 

(Foundation Drilling, 2012)

O-Cell implementation in Marine Bay Sands project

(Foundation Drilling, 2012)
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7. Case Studies

Test Piles:
Diameter: 1.8 - 3 m,  Length: 70 - 80 m,  Treshold of Loading : 2200 – 5500 ton



A

B

C
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7. Case Studies
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7. Case Studies



SBC charts for soil behavior assessment before and after explosion
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7. Case Studies



• 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

• Clayey, silty and sandy soils.

• Classified within three

categories: Sandy, Clayey

and Mixed soils
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7. Case Studies



Digitizing load-displacement diagrams derived from loading tests and CPT profiles
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7. Case Studies



Database structure

General Records Form CPT Data Form Sources
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7. Case Studies



Piles Information Search

Database structure
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7. Case Studies



Relevant Publications

Moshfeghi & Eslami (2016)

Interpretation of load displacement diagram for 
Case 001-L&D31 (Moshfeghi & Eslami, 2016)
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7. Case Studies



Relevant Publications

Moshfeghi & Eslami (2018)
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7. Case Studies



Relevant Publications

Heidarie, Jamshidi & Eslami (2019)
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7. Case Studies

Reliability based assessment of axial pile bearing capacity; 

static analysis, SPT & CPT-based methods



Relevant Publications

Eslami & Heidari (2020)
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7. Case Studies

Uncertainty and Reliability Appraisal of CPT-Based Methods 

for Axial Pile Bearing Capacity
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• Geotechnical Engineering (GE):

 In-situ tests:

• Cone & Piezocone Penetration Tests (CPT & CPTu):

 Major records: qt, fs, u2; fast & continuous
 Providing tons of data

• Major Applications of CPT in GE:

 Versatile tool for soft to medium deposits
 Identification & remediation of surprising soils

• CPT and Foundation Engineering (FE)

 In-situ tests more pronounced than laboratory tests
 Towards reliable design

• Databases

 Soft Computing as a tool
 Value Engineering as an aim
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8. Summary and Conclusions

 Uncertainty reduction

 Efficient approach



Past & Present Trends in Design & Construction

(ICE, Manual Geotechnics, 2012)
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8. Summary and Conclusions



Future Trend in Design & Construction
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8. Summary and Conclusions

Prospect
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8. Summary and Conclusions
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