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 Geomaterials: Soil, Rock, Ground Water 
 Geosynthetics: Geotextile, Geogrid, Geomembrane, …

1. Geotechnical Engineering

1.1. Geotechnical Engineering World

3
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1. Geotechnical Engineering

1.2. Major Topics in Geotechnical Engineering (GE)

(1) Sample recovery

(2) Subsurface profiling

(3) Groundwater conditions

(4) Consequences of human activities

(5) Site response to geohazards

(6) Selecting and design of foundation systems

(7) Sufficiency of geomaterials for borrowing

(8) Health, safety and strategy management

(9) Recognition of underground structures behavior

(10) Support and stabilization of deposits and slopes Overlap of Geotechnical 

Engineering with Other Disciplines
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2. Geotechnical Site Investigations

2.2. Data Sources

Aerial Photos
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2. Geotechnical Site Investigations

2.2. Data Sources
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2. Geotechnical Site Investigations

2.3. Cycle of Data, Design, and Performance 

(ICE, Manual Geotechnics, 2012)

Data Design Construction

Data Design Construction

Buildability concerns require data to 
influence choice of most 

appropriate construction method

Construction Process 
influences choice of 

appropriate design parameters

Alternative Design

Past

Present
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2.4. Major Approaches: On-Situ Testing

Visual & Manual Surface Strength Density of Soil Pocket Vane Pocket Penetrometer

Field Moisture DCPT PLT CBR In Situ Direct Shear Test

Soil Density

2. Geotechnical Site Investigations
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2.5. Major Approaches: Geophysical Testing Methods

(Mayne, 2016)

2. Geotechnical Site Investigations
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2. Geotechnical Site Investigations

2.6. Major Approaches: Boring, Sampling & Laboratory Testing
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2. Geotechnical Site Investigations

2.7. Major Approaches: Field Testing Devices and Probes

(Mayne, 2016)
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2. Geotechnical Site Investigations

2.8. Major Approaches: In Situ Penetration Tests

SPT CPT DMT PMT VST

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

2.9. In Situ Tests and Their Applicability

(Lunne et al., 1997)



2. Geotechnical Site Investigations

2.10. Typical Subsurface Log & Profile

14



2. Geotechnical Site Investigations

2.11. Major Approaches: Instrumentation and Monitoring

15

1 Tilt Meters 2
Crack 

/Displacemen

t Meter
3 Inclinometers

4
Borehole 

Extensometer

7 Strain Gauge 

5 Piezometers

8
Laser 

Scanning

6 Load Cells

9
Seismograph &

Accelerometer

Displacement 
Meter 

Tilt Meter Inclinometer

Load CellPiezometer
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2. Geotechnical Site Investigations

2.12. In-Situ Testing vs. Laboratory 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

No change in stress state
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2. Geotechnical Site Investigations

2.13. Evolution of Geotechnical Design Basis 

(Mayne, 2016, adapted from Lacasse 1985)
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2. Geotechnical Site Investigations

2.14. Uncertainty in GE

A procedure for geotechnical RBD (Honjo, 2011)
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2. Geotechnical Site Investigations

2.14. Uncertainty in GE

 Variability of Laboratory & In-Situ Testing Data (Phoon & Kulhawy, 1999) 
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3. Background to Foundation Engineering

3.1. Typical Structures
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3. Background to Foundation Engineering

3.1. Various Foundations



Fellenius (2015): The analysis and design of foundations are an iterative process since the amount of 

imposed loads, corresponding settlement, and foundation geometry are interactive, affected by 

geotechnical capacity, structural capacity and settlement requirements. 22

3. Background to Foundation Engineering

3.2. Major Requirements: Analysis & Design

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



3. Background to Foundation Engineering

3.3. Foundations Classification

• Embedment Depth

Current categories of foundations

(Eslami et al., 2019) 23

 Shallow Foundations (a)

 Shallow Foundation + Soil Improvement (b)

 Semi-deep Foundations (c)

 Deep Foundations (d)

(a) (b)

(c)

(d)



3. Background to Foundation Engineering

3.3. Foundations Classification

• Geometry • Load Transition System

24(Eslami & Ebrahimipour, 2022)

Section-act 
Foundation

Vector-act 
Foundation

Surface-act 
Foundation

Linear Foundations (1D)

Planar Foundations (2D)

Volumetric Foundations (3D)
Block-act 

Foundation
Hybrid 

Foundation

Section-act 
Foundation

Vector-act 
Foundation

Surface-act 
Foundation
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4. Cone & Piezocone Penetration Tests (CPT & CPTu)

4.1. 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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4. Cone & Piezocone Penetration Tests (CPT & CPTu)

4.2. Equipment & Procedure

(Eslami et al., 2019)

Records provided inch by inch (25 mm) 
intervals with velocity of 20 mm/s



27

4. Cone & Piezocone Penetration Tests (CPT & CPTu)

4.3. Piezocone Penetration Test (CPTu)

• Pore pressure measurement (𝑢1, 𝑢2 & 𝑢3)

• The main advantages of the CPTu over CPT are:

 Improved

 Ability to

 Soil profiling and interpretation
 Evaluation of geotechnical parameters

 Evaluate consolidation characteristics
 Assess pore pressure gradients
 Distinguish between drained, partially drained, and undrained parameters
 Correct measured cone data to account for unbalanced water forces

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

4.4. 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)

Example of soil profiling by Eslami & Fellenius (1997)
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4. Cone & Piezocone Penetration Tests (CPT & CPTu)

Eslami et al. (2019)
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4. Cone & Piezocone Penetration Tests (CPT & CPTu)

Eslami et al. (2019)

a) b) c)

a) The Lake Urmia, b) Causeway route and causeway bridge, c) Locations of Urmia 

causeway bridge bore holes and CPTu tests



Boreholes sediment classification

Boreholes sediment moisture content by depth

Site characterization from lab tests

31

4. Cone & Piezocone Penetration Tests (CPT & CPTu)

Eslami et al. (2019)

sediments classification using Casagrande chart



CPT test soil profiling 32

4. Cone & Piezocone Penetration Tests (CPT & CPTu)

Eslami et al. (2019)

Comparison of unit weight 

of the soil by sampling 
and CPT correlation

Comparison of Su by 

triaxial tests and CPT 
correlation



Sensitivity profile (Eslami et al., 2011)Typical CPT profile 33

4. Cone & Piezocone Penetration Tests (CPT & CPTu)

Eslami et al. (2019)



1. Equipment design and appropriate selection for a specific soil

2. Lack of qualified operator and wrong use of methods

3. Rate of penetration

4. In situ stress

5. Compressibility

34

4. Cone & Piezocone Penetration Tests (CPT & CPTu)

4.5. Factors Influencing CPT Measurements and Interpretation

• The factors affecting CPT measurement and interpretation:

6. Temperature

7. Porous filter calibration & maintenance

8. Penetrometer geometry

A few CPT Limitations:

1. High capital investment

2. Requires skilled operator

3. No soil sample obtained

4. Difficulties in hard deposits



4. Cone & Piezocone Penetration Tests (CPT & CPTu)

4.6. Special Cones

35

Ultraviolet Induced 
Florescence CPT(UVIF-CPT)

Seismic 
Piezocone Test 

(SCPTu) 

Resistivity Piezocone 
Penetration (RCPTu) 

Cone Pressuremeter 
(CPMT)



4. Cone & Piezocone Penetration Tests (CPT & CPTu)

4.6. Special Cones

36
a) Example of resistivity piezocone profiles (ConeTec, 2019) & b) Example of seismic cone records and soil profiling

(Eslami, 2019)

a) b) 
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5. Application of CPT & CPTu in GE

(NCHRP 368, 2007)
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5. Application of CPT & CPTu in GE

Major Application of CPT in GE

Soil Behavior Classification and Profiling

Estimating Soil Engineering Parameters

Identify Problematic Deposits and Ground Improvement

Foundation Engineering: Design & Construction 
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5. Application of CPT & CPTu in GE

5.1. Soil Behavior Classification and Profiling

Begemann

(1965)

Schmertmann

(1978)

Douglas and Olsen 

(1981) 

Robertson and 

Campanella (1983)



Robertson et al. (1986) Robertson (1990)
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5. Application of CPT & CPTu in GE

5.1. Soil Behavior Classification and Profiling
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5. Application of CPT & CPTu in GE

5.1. Soil Behavior Classification and Profiling

Jefferies and Davies (1993) Olsen and Mitchel (1995)
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5. Application of CPT & CPTu in GE

5.1. Soil Behavior Classification and Profiling

Eslami and Fellenius (1997) Robertson (2010)
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5. Application of CPT & CPTu in GE

5.1. Soil Behavior Classification and Profiling

Eslami et al. (2016) Eslami et al. (2018)
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5.1. Soil Behavior Classification and Profiling

Vancouver (Eslami & Fellenius, 2004)

5. Application of CPT & CPTu in GE
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Eslami et al. (2022)

5. Application of CPT & CPTu in GE
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5. Application of CPT & CPTu in GE

The delineated zones for developed triangular chart 
using deltaic deposit

Various soil types on developed triangular chart

Eslami et al. (2022)



47

5. Application of CPT & CPTu in GE

5.2. Estimating Soil Engineering Parameters

CPT – based methods for prediction of

geomaterial engineering properties:

 Case – based empirical methods

 Simplified analytical methods

 Numerical analyses

 Soft computing in data handing
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5. Application of CPT & CPTu in GE

5.2. Estimating Soil Engineering Parameters
Unit Weight Relative Density

Normalized γ and Rf (%) by Robertson and Cabal (2010) 

(dotted line) and by Lengkeek et al. (2018) (continuous line).
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5. Application of CPT & CPTu in GE

5.2. Estimating Soil Engineering Parameters
Friction Angle Undrained Shear Strength
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5. Application of CPT & CPTu in GE

5.2. Estimating Soil Engineering Parameters
Stiffness Over Consolidation Ratio
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5. Application of CPT & CPTu in GE

5.2. Estimating Soil Engineering Parameters
Shear Wave Velocity Shear Modulus at Small Strain

CPT correlations with SPT

(Adopted from Robertson and Campanella, 1983)
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5. Application of CPT & CPTu in GE

Eslami & Mohammadi (2016)
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5. Application of CPT & CPTu in GE

Variation range for C (kPa) and 4 (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

Eslami & Mohammadi (2016)

Input Data

C’ , φ’

Output

qc, fs, u2



5. Application of CPT & CPTu in GE

5.3. Identify Problematic Deposits

• Collapsible Soils Boundaries in Different Charts (Eslami et al., 2016)

• Peaty Soils Boundaries in Different Charts (Eslami et al., 2016)

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)

54



5. Application of CPT & CPTu in GE

5.3. Identify Problematic Deposits

• Liquefiable Soils Boundaries in Different Charts (Eslami et al., 2016)

• Expansive Soils Boundaries in Different Charts (Eslami et al., 2016)

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)

55



5. Application of CPT & CPTu in GE

5.4. Role of CPT in Ground Improvement

 Identification

 Improvement Justification

 Design Procedure

 Method Selection

 Performance Assessment

Available ground improvement methods 
for different soil types (modified from 

Schaefer et al., 2012) 56



57

5. Application of CPT & CPTu in GE

Asadi, F., Eslami, A. & Valikhah, F. (2016)
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5. Application of CPT & CPTu in GE

(a) CPT results for BHC4 in deep parts of the 
sea and (b) The borehole log of BHC4.

Evaluating the soil liquefaction 

potential in deep parts of the 

sea using CPT records 

(Robertson and Wride 1998)

SBC in deep parts of the sea using charts of 
Eslami and Fellenius (2004)

Asadi, F., Eslami, A. & Valikhah, F. (2016)

Alternatives: Vibro-Replacement, Explosive Compaction, Deep Soil Mixing & Compaction Pile
Proposed Method: Vibro-Replacement, environmental & economic aspects
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5. Application of CPT & CPTu in GE

Eslami (2015) & Eslami & Shakeran (2016)
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5. Application of CPT & CPTu in GE

Eslami (2015) & Eslami & Shakeran (2016)

A

B

C
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5. Application of CPT & CPTu in GE

Eslami (2015) & Eslami & Shakeran (2016)
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5. Application of CPT & CPTu in GE

Eslami (2015) & Eslami & Shakeran (2016)

SBC charts for soil behavior assessment before and after explosion
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6. CPT and Foundation Engineering: Scale Effect

6.1. Background

Penetrometers can be realized as a model pile

Indirect Approach

Direct Approach

qc & fs

fs

qc

C,Ø rt, rs

rt

rs
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6. CPT and Foundation Engineering: Scale Effect

6.2. Methods to Calibrate & Interpret CPT Results

(Mayne, 2009)
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6. CPT and Foundation Engineering: Scale Effect

6.3. 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

Schematic view of pile and cone penetration test 
differences in material, penetration rate, and dimensions

(Eslami et al., 2019)
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6. CPT and Foundation Engineering: Scale Effect

6.3. 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 and Foundation Engineering: Scale Effect

6.3. Scale Effect Correlations

Nonhomogeneous Condition Ultimate Capacity Condition

Comparison of pile unit toe resistance for different zones: (A) 
Homogeneous and (B) Nonhomogeneous (Eslami & Fellenius, 1997)

Interpretation of load displacement diagram for 
Case 001-L&D31 (Moshfeghi & Eslami, 2016)
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6. CPT and Foundation Engineering: Scale Effect

6.3. Scale Effect Correlations

Data Processing, Averaging & Influence Zone

Example of comparison of average cone resistance for different CPT methods (Eslami & Fellenius, 1997)

𝒒𝒄𝒂 =
𝒒𝒄𝟏 + 𝒒𝒄𝟐 +⋯+ 𝒒𝒄𝒏

𝒏
𝒒𝒄𝒈 = 𝒒𝒄𝟏 × 𝒒𝒄𝟐 ×⋯× 𝒒𝒄𝒏
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7. Geotechnical Design: Bearing Capacity & Settlement

7.1. Direct Application of CPT Record for Settlement & Load-Displacement

 
B

z
n Z

E

I
qCCS

2

0

21.

nq
C   5.011

1.0
log2.012

t
C 

• Schmertmann (1978)
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7. Geotechnical Design: Bearing Capacity & Settlement

Valikhah & Eslami (2019)



7. Geotechnical Design: Bearing Capacity & Settlement

Valikhah & Eslami (2019)

71



72

7. Geotechnical Design: Bearing Capacity & Settlement

7.2. Direct Application of CPT Records for Bearing Capacity

Schematic of shear failure zone, a) drained 

condition, b) undrained (Terzaghi, 1943)

Comparison of rupture surface length for shallow 

and deep conditions (Eslami & Gholami, 2006)

• Shallow Foundations



 

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. 
73

7. Geotechnical Design: Bearing Capacity & Settlement

7.2. Direct Application of CPT Records for Bearing Capacity
• Shallow Foundations
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7. Geotechnical Design: Bearing Capacity & Settlement

Eslami & Gholami (2006)
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7. Geotechnical Design: Bearing Capacity & Settlement

1. The zone located between the foundation base to 2B 
beneath can be divided into sublayers. The values of ത𝑞𝑐𝑔
and ( ൗ

ഥ𝒒𝒄
𝜸′𝒛)𝒄𝒈 in this interval are calculated.

2. The average 𝜑 angle = ( ൗ
ത𝑞𝑐

𝛾′𝑧)𝑐𝑔

3. Based on D/B and 𝜑 values 𝛼 can be obtained

4. The ultimate bearing capacity is calculated as:

𝑞𝑢𝑙𝑡 = 𝛼 × ത𝑞𝑐𝑔
Bearing capacity correlation factor for 

relating qult to qcg

(Eslami & Gholami, 2006)

Eslami & Gholami (2006)
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7. Geotechnical Design: Bearing Capacity & Settlement

7.2. Direct Application of CPT Records for Bearing Capacity
• Deep Foundations

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

Relevant Data Base Design: RDBD (Eslami & Heidarie, 2021)
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7. Geotechnical Design: Bearing Capacity & Settlement

7.2. Direct Application of CPT Records for Bearing Capacity

Meyerhof (1956, 1976, 1983)
• Deep Foundations
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7. Geotechnical Design: Bearing Capacity & Settlement

Eslami & Fellenius (1997)
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7. Geotechnical Design: Bearing Capacity & Settlement

Eslami & Fellenius (1997)

 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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7. Geotechnical Design: Bearing Capacity & Settlement

Pile Capacity Calculation Soil Profiling 

UniCone (Fellenius, Infante and Eslami, 2002)
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7. Geotechnical Design: Bearing Capacity & Settlement

7.2. Direct Application of CPT Records for Bearing Capacity
German Method

Kempfert & Becker (2010)

1000 case records

• Deep Foundations
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8. Case Studies

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

Heidarie, Jamshidi & Eslami (2019)
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Static Analyses
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CPT-based methods

area ratio=19%
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9. Summary and Conclusions

• Geotechnical Engineering (GE):

 Team works & interactive
 Observational methods & engineering judgement
 Dealing with geomaterials & geosynthetics

• Site Investigations (SI):

 Collection & appraisal of data
 Recognition subsurface potentials & hazards
 Data sources:

 Site visit, maps & aerial photos
 Geophysics & remote sensing
 On situ & in situ tests
 Sampling, lab tests & physical modeling
 Full scale tests, instrument & monitoring

In-situ tests;
uncertainty reduction

Less artificial,
more geomaterial
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9. Summary and Conclusions

• Foundation Engineering (FE):

 Knowledge-based & multidisciplinary
 Realized as artistic rather than routine
 Iterative practice in analysis & design

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

 Accurate & reliable data
 Simple, fast & economical
 Continuous records with depth

• Major Applications of CPT in GE:

 Soil behavior classification & profiling
 Estimating soil engineering parameters
 Identification & modification of problematic deposits
 Foundation engineering

In-situ tests in FE
more pronounced than 

laboratory tests

CPT & CPTu (qt, fs, u2); 
fast, continuous  &

providing tons of data

CPT; versatile tool for soft 
to medium, compressible 
& problematic deposits
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9. Summary and Conclusions

• CPT and FE: Scale Effects

 Embedment & diameter
 Influence zone & data processing
 Penetration rate & failure mechanism
 Ultimate capacity interpretation & strain level

• CPT and FE: Design

 Construction & installation procedure
 Direct & indirect approaches for bearing capacity
 Settlement & load-displacement estimation
 Pile capacity: commonly used 25 direct methods

CPT; model Pile &
source of relevant records

CPT; towards reliable 
foundation design
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