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Physical Modeling in Geotechnical Engineering

High Stress

Geotechnical 
Centrifuge

Calibration 

Chamber

(CC)

Frustum Confining 
Vessel (FCV)

1g

2- FCV-AUT 6- Data Bank1- Physical Modeling

Physical modeling 

is an intermediate 

solution between 

element testing & 

Full Scale.

3- Various CPTs 4- piles Testing 5- Field testing
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1g equipment

• One of the most inexpensive and 

prevailing tests

• Routine samples preparation

• Incompatible stress field with the true 

overburden stress distribution in reality

1g Physical Modeling
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Boundary condition in Calibration Chamber (Ghionna and Jamiolkowski, 1991)

CC Physical Modeling

Calibration Chamber in University of New South Wales
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Fu Geotechnical Centrifuge devices 1) NCUCE 2) Tehran University 3) US Devise

• Increasing the g-forces on the model 

to made equal stress of field

• Recognized as a physical modelling 

technique in all types of soils

• Successfully applied to model classical 

problems

Geotechnical Centrifuge
1 2

3
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• Triangular stress distribution throughout 

the chamber   

• Stress gradient changes with the 

alteration of bottom pressure 

• Capable of constructing bored model pile 

in chamber

• Stress equal to zero on the surface
FCV: a) general view b) Stress distribution in control volume

 (Horvath & Stolle 1996)

Frustum Confining Vessel (FCV)
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• 375mm height,

• 152 and 456mm diameters in top and 

bottom
FCV device of McMaster University (Horvath & Stolle, 1996)

• The basic idea of FCV configuration was 

provided by Patrick Bermingham 

• Fabricated by McMaster University & 

Birminghammer Foundation Equipment

FCV device of McMaster University
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a

d c

b

a) Bottom pressure 125 KPa  b) Bottom pressure 5 KPa   c) Bottom pressure 500 KPa   

d) Bottom pressure 250 KPa (Horvath and Stolle, 1996)

CPT Records in FCV 

(McMaster University)

2- FCV-AUT 6- Data Bank1- Physical Modeling 3- Various CPTs 4- piles Testing 5- Field testing

7



• This device was utilized in order to investigate the 

behavior of post-grouted piles

• Another FCV was constructed by University of South 

Florida in 1999

FCV device of Florida University (Mullins, 2001)

Schematic FCV device of Florida University (Mullins, 2001)

FCV device of Florida University (Mullins, 2001)
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Recently Developed FCV (FCV-AUT)

2



• The FCV-AUT allows modeling of larger 

piles and reduces boundaries error.

FCV-AUT (Zare & Eslami, 2014)

FCV-AUT Development

• In 2012, the largest FCV was 

constructed at Amirkabir University of 

Technology. 
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Schematic view of the FCV-AUT (Zare & Eslami, 2014)

• The water is injected to rubber membrane

• Base pressure provided by air compressor

• Creation Triangular shape pressure

• The soil subjected to pressure from rubber

Steps of Applying Bottom Pressure
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• Water-air tank capacity: 75 Liter

• Painting surfaces for corrosion resistance

Pressure vessel a) Cylindrical tank a) installed equipment 

b) Compressor c) regulator

Properties of Air Compressor:

• Capacity: 110 Liter

• Max pressure level : 10Bar

•  Power: 1.5Hp

Reservoir of water-air & Air Compressor
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1-    Mechanical jack:

      Capacity: 50kN; Course: 300mm

 

2 Hydraulic jack: 

     Capacity: 100kN; Course: 1000mm

3 Hydraulic jack: 

     Capacity: 150kN; Course: 150mm

4   Pneumatic jack: 

     Capacity: 15kN; Course: 125mm 3

2 1

4

Loading System

2

1

3

4
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1. Sensors: 10 tons of S-shaped load cell 

and a LVDT with 50mm courses

2. Data Logger 

3. S-shaped load cells with 2 tons capacity

Loading System & 

Data Recording Instrument

3

2

1

32

1
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• Five number

• Capacity: 1000kPa 

• Measuring amount & distribution of stress

Stress distribution in FCV (Zare & Eslami 2014)

Soil Pressure Cells
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• Babolsar sand specification

Sand Deposit used for Testing

a) Soil distribution curve b) Scanning electron 

Microscope (SEM) image  
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Sample 

Preparation

 Wet tamping

Dr = 4-8%, 17-22% and 35-40%

 Dry Deposition

Dr = 20-25%, 40-45%, 60-65% and 80-85% 

Wet tamping (Zarrabi & Eslami 2016) Dry Deposition (Esmailzade et al. 2022)

Preparation of Soil Sample
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• Concrete drilled pile in FCV-AUT

• CPT result in FCV-AUT

CPT Result a) cone resistance b) sleeve friction 

)Esmailzade & Eslami, 2022)

Load–displacement curves (a) compression; (b) tension 

(Zarrabi & Eslami, 2016)

Repeatability
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Zare, M. and Eslami, A. 

(2014)
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Various CPTs in FCV-AUT
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Properties of CPTs

Sleeve 

friction Area

( )

Sleeve friction 

height

(cm)

Tip Angle

(Degree)

Area

( )

Diameter

(cm)

CPT 

TYPE

15013.3860103.57CPT

67.869.00604.522.4
Mini 

CPT

--603.142DCP
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Properties of CPTs

• Made of Aluminum 7075

• Sensor of FLA-1-350-23

20



21

3 4

CPT& DCPT

1. Installed strain gauges

2. Consist of CP

3. Sleeve friction

4.  Close up of CP, miniCP 

1

2

3

4

• Depth of 850mm 

• Penetration rate of 3 – 10mm/s

•  Bottom pressure of 0, 100, 200 kPa

Test Condition
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• Hammer Weight = 8kg

• Drop Height = 575 mm

• Cone diameter =20 mm

• Cone Angle = 60˚

PDI =
Pi+1−Pi

Bi+1−Bi
                 ( Τmm

blow)

Properties

Output
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CPT Results

DCP Result at FCV-AUT

CPT Result at FCV-AUT
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Esmailzade, M., Eslami, A., 

Nabizadeh, A., Aflaki, E. (2022)
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Eslami, A., Nobahar, M., & 

Esmailzade, M. (2024)
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CPT & MiniCone Cases study records summary
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Eslami, A,. Karakouzian, M,. Shirani, S,. Ebrahimipour, A 

2- FCV-AUT 6- Data Bank1- Physical Modeling 3- Various CPTs 4- piles Testing 5- Field testing

27



Soroush, S., Eslami, A.,  

& Nobahar, M. (2024)
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Piling Testing

4



Special Piling Testing via FCV-AUT

Post Grouted 
Piles

(PGP)

DeWaal

Drilled 
Displacement 

Piles

(DDP)

Tsubasa

Helical 
Piles

Tip Post 
Grouted

Shaft 
Post 

Grouted

Self 
Expanded 

Piles

Wing 
Piles

Bubble 
Piles

Unconventiona

l Piles
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a) drilled shaft; (b) precast-in-place pile; (c) precast pile; (d) box-shaped pile; (e) H-shaped pile; (f) closed-ended pile; (g) open-ended pile; (h) 

helical pile (S/D = 3); (i) helical pile (S/D = 2); (j) helical pile

Conventional Piles
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Conventional Piles

Load-displacement diagrams of jacked-in and driven piles: (a) Compression; (b) Pullout
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Zarrabi, M. and 

Eslami, A. (2016)
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Tip Post-grouted Piles

•  There are several method accomplished to decrease the effect of installation procedure and 

increase bearing capacity. 

Pile 

Name

Injection 

Pressure

(Bar)

Injected 

Volume 

Grout

(cc)

Pile 

displacement

(mm)

Bottom 

Pressure

(Bar)

Formed 

bulb 

Diameter

 (mm)

Formed 

Bulb 

Height

(mm)

PG44--2--

PG5560014211545

PG6-166005.17211050

PG6-2660010211050

PG7660017212040
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Shaft Post-grouted Piles

Shaft post-grouted precast-in-place pile  

Type 

pile

Injection Pressure

(Bar)

Injected Volume Grout

(cc)

Bottom pressure

(Bar)

PGS12 - 4-2

PGS24-2

PGS34 - 9-2

PGS4415002

PS260002
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Post-grouted Piles Results

Load–displacement graph of post-grouted piles: (a) compression test and (b) tension test
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Karimi, A.H. & Eslami, A.,  (2017)
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Karimi, A.H., Eslami, A., Zarrabi, 

M. & Khazaei, J. (2017)
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Piles in oil-contaminated
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Piles in oil-contaminated

Comparison between calculated and measured 
bearing capacities of pile 
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Mohammadi, A., Ebadi, T., 

Eslami, A. (2019)
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Failure mechanisms:

• Individual 

• Cylindrical

Helical Piles
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Helical Piles Installation

• Design and construction of torque motor
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Helical pile’s Results

Load- displacement curve of helical pile in different number and space ratio
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Khazaei, J. & Eslami, A. (2016)
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Khazaei, J. & Eslami, A. (2016)
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Hejazi, S., Ghareh, S,. Eslami, 

A. & Ghanjiyan, N. (2021)
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Hejazi, S., Ghareh, S,. Eslami, 

A. & Ghanjiyan, N. (2021)
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Safikhani, H., Eslami, 

A. & Ganjian, N. (2021)
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Numerical Modeling
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Bearing capacity of  tested tri-helix pile



Jassim, A., Ghanjiyan, N. & 

Eslami, A. (2022)
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Jassim, A., Ghanjiyan, N. & 

Eslami, A. (2023)
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Helical Piles Installation

•  Several sensors were accomplished in different points in order to separate the 

bearing capacity of tip and each of helix 
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Helical Piles Results

Percentages distribution of resistances during compression tests in 

medium density for  double helices pile
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Askari Fateh, A.M., Eslami, A., 

& Fahimifar, A. (2018)
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Askari Fateh, A.M. & Eslami, A., 

& Fahimifar, A. (2017)

2- FCV-AUT 6- Data Bank1- Physical Modeling 3- Various CPTs 4- piles Testing 5- Field testing

55



Askari Fateh, A.M. & Eslami, A., 

& Fahimifar, A. (2017)
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Akbari Zare, A.M. & Eslami, A. 

Razmkhah, A., & Vosoughifar, 

H., (2017)
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Post-grouted helical

•  The post-grouted method is performed to decrease the prevalent problem of disturbed soil in 

installation procedure of helical pile
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Post-grouted Helical Results

Post grouted helical model piles performance, a) Compression tests, b) Tension tests.

2- FCV-AUT 6- Data Bank1- Physical Modeling 3- Various CPTs 4- piles Testing 5- Field testing

58



Khazaei, J. & Eslami, A. (2017)
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(p-1) Box-shaped steel piles; (p-2) Bubble pile without extension; (p-3) Bubble pile with extension; (p-4) Box-shaped

steel pile; (p-5) Wing pile without extension; (p-6) Self-Expanded pile (SE) without extension; (p-7) Self-Expanded 

pile (SE) with extension; (p-8) Helical pile.

Expanded pile
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After expansion condition : a) Bubble pile b) Wing pile c) Self-Expanded pile

Expanded pile
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Expanded pile

Expanded model piles performance, a) Compression tests, b) Tension tests.
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Shojaei, E., Eslami, A. & 

Ghanjian, N. (2019)
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Shojaei, E., Eslami, A. & 

Ghanjiyan, N. (2021)
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Enhanced Helical

Schematic illustration of soil disturbance around various helical piles
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Conical Helical Results

Load-displacement diagram of typical and conical helical 

piles a) Compression b) Pullout.

Load-displacement behavior of 

typical and tapered helical piles 

under Compression loading



Esmailzade, M. & Eslami, A. 

(2025)
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Helical in Loess 
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Helical in Loess 

1 helix piles performance in Different axial installation loading 

1 helix piles performance in different Injection pressure
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Helical Pile under Cyclic Loading 
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Image of various geometry piles tested in FCV device; a) Small cylindrical; b) 

Large cylindrical; c) H-shaped; d) Box-shaped; e) Fin; f) Helical, s/d=1.5; g) 

Helical, s/d=3

Schematic image of loading process



Load-displacement diagram for various pile under 

static under cyclic loading for helical pile, S/D=3

Displacement versus number of cycles diagram under 

amplitude equal 30%

Helical Pile under Cyclic Loading 
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Esmailzade, M. & Eslami, A. 

(Under Preparation)



Field Testing and Scale up
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Site 1, Anzali Port

Anzali Port

Site 2

Site 2
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Site 1, Anzali Port

Load-displacement curve of  expanded and 

helical piles

Expanded pile (SE model)

Load-displacement curve of helical piles
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Site 2, Golestan

Study site near the north border of Iran and Turkmenistan.

Golestan loess soil properties (Incheh-Borun area).
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Effect of water pressure in wet installation method on 

compressive capacity of helical piles tested

Effect of water pressure on load displacement 

diagram of helical piles installed in Golestan loess

Site 2, Golestan
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Arabameri, M. & Eslami, A. 

(2022)
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Arabameri, M. & Eslami, A. 

(2023)
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Site 3, Babolsar

Site 4
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Site 3, Babolsar

Load-displacement curves of different full-scale piles in Anzali and Babolsar sites under: 

(a) compression loading; (b) pullout loading



Nazmi, M. & Eslami, A. 

(Under Review)
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Scale-up Theory
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Comparison of load-displacement curves for model, field test, and predicted prototype piles for helical piles with: (a) 1 Helix 

at the Anzali site; (b) 2 Helices at the Babolsar Site 

Scale-up Theory
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Esmailzade, M., Eslami, A. 

& McCartney, J.S. (2024)
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Data Bank

6
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Helical and CPT
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Askari Fateh, A.M., Eslami, A., 

& Fahimifar, A. (2016)
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Helical in Loess Deposits 
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