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  Main Concerns 
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The main concerns of  deep Excavation&Tunnel construction in populous 

regions are: 

-  Excavation Instability . 

- Ground Settlement. 

In recent years, due to growing demands, underground structures such as deep 

excavations and tunnels  have become increasingly common in mega cities like 

Toronto.  
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Geotechnical hazards 
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Toronto company fined 

$75K after worker killed 

in trench collapse Global 

news 
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Why soil Mechanics? Geotechnical hazards 
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Why soil Mechanics? 

A large portion of the earth surface is covered by soils, and they are widely used as 

construction and foundation materials. Soil mechanics is the branch of engineering that deals 

with the engineering properties of soils and their behavior under stress. 

The theory of elasticity is an important component in the safe design of the foundations of 

structures. This theory canôt be used for slope stability  projects. The ideal assumption of 

the theory of elasticity, namely that the medium is homogeneous, elastic, and isotropic, is not 

quite true for most natural soil profiles. The factors of  safety must cover these uncertainties.  

Geomaple 

4.2.2.1.  Subsurface Investigation  
(1)  A subsurface investigation, including groundwater conditions, shall be carried out, by 
or under the direction of a person having knowledge and experience in planning and 
executing such investigations to a degree appropriate for the building and its use, the 
ground and the surrounding site conditions.  

Based on OBC  subsurface investigation is mandatory  :  



  Geotechnical properties 
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The engineering aspects of soil composition examine the differences in texture, strength, and consistency that distinguish 

Cohesive soils (e.g. silts and clays) from Granular soils (e.g. sand & gravel) environments. 

But in fact, soil is the product of nature and time, consisting of solid, liquid and gas. The different time, conditions and 

environments that form a soil lead to different soil particles and structures. Therefore soil behavior is irregular and there isnôt 

a pure Cohesive or Granular soils.  

Most design resources are based on these classification, for example: 

- Bearing capacity (bearing capacity factors) 

- Pile foundation (skin and toe resistance) 



Accuracy of assumptions  

Safety factor 

Cost of project 
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Å Geotechnics Engineers/Designers 

 Optimum Design, Less uncertainty 

Å Contractors 

 Proper and low cost of construction, Less uncertainty 

Å Owners 

 On time delivery and Best quality of project 

Who looks for the results? 
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Purpose of Site Investigation 

Å Targets: 

- Gathering information about vertical and horizontal extent of soil layers and thickness 

- Determination of  geotechnical parameters of subsurface layers  

- Selection of soil constitutive model 

- Distinguish of geotechnical hazards (e.g. liquefiable soil, collapsible soil, expansive soil,) 

- Seismic hazard clarification of project area 

 

 



Hydrogeological 
Geotechnical 

(Soil Mechanics) 

Environmental Seismology 

Site 
investigation 
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Geotechnical  study 

ω Soil parameters ( C, Su & ὲ ) 

ω Bearing capacity (ULS, SLS) 

ω Lateral parameters ( Ka, Kp, K0 ) 

ω Seismic parameters ( Vs, Kh, Kv ) 

ω Consolidation characters (Eoed, Ks, OCR) 

Hydrogeological study 

ωHydraulic conductivity (K) 

ωBasic environmental tests 

Environmental 

ωPhase I 

ωPhase II 

Looking for: 
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Correlations of Soil and Rock Properties in Geotechnical Engineering 

Geotechnical literature is full  of empirical equations and graphs, and they are used regularly 

by practitioners worldwide.  

These are derived based on: 

- laboratory  

- field data 

- past experience  

- engineering judgement 

Where little or no geotechnical information is available, or where reasonableness of a test 

result needs to be checked, these empirical equations provide an alternative very useful to the 

engineer. 

It is common in geotechnical engineering practice to estimate values for design parameters 

from both ñdirectò and ñindirectò measurements. 

Geomaple 
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Planning Exploration & Testing Program 

Á 1-Gather & Analyze of Existing Information;  

Å Conduct Site Visit 

Å  Develop Preliminary Site Model  (Field Reconnaissance) 

Á 2- Identify Material Properties required for Design & Construction;  

Å Estimate Scope of Field Program;  

Å Divide into Zones of Interest 

Á 3- Develop Site Exploration Program 

Å Selecting location and layout of boreholes 

Å Deciding number of boreholes 

Å Depth of boreholes 
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Planning Exploration & Testing Program 

Á 4-Conduct Exploration & Field Testing 

Á  5-Perform Descriptions and Laboratory Index Testing 

Á 6-Summarize Data & Develop Subsurface Profile 

Á 7-Present the GBR (Geotechnical Base Report) 



Geotechnical and Hydrogeological 

Investigation steps 

 
Ç Planning Exploration & Testing Program 

Ç Borehole Drilling, Soil  and Water Sampling and Field Tests 

Ç Lab Tests 

Ç Determination of Soil Parameters 

Ç GBR(Geotechnical and Hydrogeological Base Report) 
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Boring methods of exploration: 

Auger boring : 

 preferred for shallow depths , low ground water table 

Wash boring : 

 high water table, deeper soil deposit 

Rotary drilling: 

 high quality boring, also for rock drilling 

 Percussion drilling: 

 fast drilling, not taking samples 
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Sampling: 

To collect the samples, often use drill  rig or hand augers and special sample collection tools to 

gather both disturbed and undisturbed soil samples. 

Disturbed soil samples do not retain the in-situ properties of the soil during the collection 

process. 

Disturbed soil samples for soil type and texture, moisture content, and nutrient and 

contaminant analysis 

Undisturbed soil samples retain the structural integrity of the soil and have a high recovery 

rate within the sampler. 

Undisturbed samples allow an engineer to determine the geotechnical properties of strength, 

permeability, compressibility and fracture patterns among others.  
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- Standard penetration tests (SPT) or Cone penetration test (CPT) were done in all boreholes to 

investigate the strength and compressibility of the subsurface layers. 

 - Required samples were taken during the drilling and were sent to laboratory to perform 

different tests. 

 - Borehole logs have been prepared based on field observations during drillings, grain size 

analyses and classification of the samples.  

Geomaple 
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Planning Exploration & Testing Program 

After boring process reached desire depth, a soil sampler is advanced by driving it with a drop hammer or by pushing it with a 

hydraulic piston or jack. 

Then, the sampler is brought to the surface. 

Some soil is removed from each end of the sampler, wax is applied and the tubes covered by protective caps.Samples are 

clearly labeled (project name, date, borehole number, depth, method of sampling etc.). 

Sampling: 

The different types of sampling are: 

- Open-Drive Sampler 

- Piston Sampler 

- Thin-Walled Sampler 

- Split-Spoon Sampler 



In-situ tests: 

Â Standard Penetration test ï SPT 

 

Â Cone Penetration Test ï (CPT, CPTu, SCPTu) 

 

Â Vane Shear Test 

 

Â Pressure meter Test 

 

Â Dilatometer Test 

 

Â Groundwater Observations 
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Planning Exploration & Testing Program 

Standard penetration test (SPT) 

Á 65 kg Hammer. 

Á (76 cm) free fall. 

Á Drive sampler over 150 mm. 

Á Record no. of blows per each 75 mm penetration. 

Á SPT N value = summed the last four successive of 75 

mm increment. 

Á If  the resistance is very high, the 2nd stage is 

discontinued at 50 blows even if  the total penetration 

is less than 450 mm. 
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Planning Exploration & Testing Program 

Cone penetration test (CPT) and piezocone (CPTu) 

ÁOriginally Developed in 

Netherlands 1930s. 

Á Further developments in 1950s. 

Á Also known as ñDutch Coneò 

Á ASTM D3441 

Á Types of CPT devices 

Ámechanical cone  

Áelectric cone 

Ápiezocone 
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Planning Exploration & Testing Program 

Seismic cone penetration test (SCPTu) 

multi-measurement tools for the field investigation. 

 

It consists of two parts: 

- Responsible for the measurement of the parameters obtained in the 

standard CPTu test (the ability to determine the qc, fs, u2 parameters)  

-  For the registration of the shear and vertical wave propagation 

velocity (which allows to determine the parameters characterizing 

elastic properties of the soil medium). 



Vane shear test 

Planning Exploration & Testing Program 
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Originally developed by Swedish Engineer, John Olsson in 

1920s. 

Now Standardized as ASTM D2573. 

Specially suited for soft, sensitive clays. 

Quick test, used to determine undrained shear strength. 
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b = coefficient of shear strength mobilization at the end of soil cylinder. 



Pressuremeter Test 

Planning Exploration & Testing Program 
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The Pressure meter test is one of the most important in-situ tests for determination of the stress-strain behavior of 

subsurface layers.  

 

ASTM D4719 - 07 Standard Test Method for Prebored 

Pressuremeter Testing in Soils 
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Ep=pressuremeter modulus, (kPa)  

For determination of:  

· Elastic modulus of soils 

· Cu  



Planning Exploration & Testing Program 
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Groundwater observations 

·GW condition is an important factor to observe for design and construction e.g. deep excavation 

,tunneling, deep foundation, slope stability analysis & etc.: 

ÁGroundwater level must be determined during site investigation works. 

ÁMeasure at time of drilling and later (24 hrs., 1 week, etc.). 

ÁCan be accomplished by make observations in borehole & existing. 

ÁOr, install a piezometer. 

ÁMonitor Wells & Sampling. 

ÁPermeability Tests. 



Common Geotechnical 

Field Procedures and 

Tests. 
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- Grain analysis  

- Atterberg limits 

- Shrinkage limit (SL) 

- Specific Gravity (Gs)  

- Permeability 

- Consolidation, Swelling & collapsibility 

- Direct shear 

 - Uni-axial 

- Tri -axial 

 - Compaction & CBR 

- Moisture content 

- Unit weight 
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Common Procedures 

and Laboratory Tests 

for Soils. 

Geomaple 
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Soil constitutive model (Parameters) 

General properties 

Advanced Soil Mechanics; Braja M. Das; Third edition; 2008 

Density (ɟ) 

Permeability 
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Soil constitutive model (Parameters) 

Poissonôs (ᾇ) 

Correlations of Soil and Rock Properties in Geotechnical Engineering; Jay Ameratunga, Nagaratnam Sivakugan, Braja M. Das; 2016  
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Soil constitutive model (Parameters) 

Modulus of Elasticity (E) 

1.Correlation of N (SPT) with Modulus of Elasticity (E) for Sandy Soils 

Correlations of Soil and Rock Properties in Geotechnical Engineering; Jay Ameratunga, Nagaratnam Sivakugan, Braja M. Das; 2016  
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Soil constitutive model (Parameters) 

Modulus of Elasticity (E) 

1.Correlation of N (SPT) with Modulus of Elasticity (E) for Sandy Soils 

2. Plate Load Test (PLT) 
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Pressuremeter modulus (Ep)  

Modulus of elasticity for Granular soils 

Modulus of elasticity for Cohesive soils  

Correlations of Soil and Rock Properties in Geotechnical Engineering; Jay Ameratunga, Nagaratnam Sivakugan, Braja M. Das; 2016  
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Soil constitutive model (Parameters) 

Cohesion and Friction angle 

Correlations of Soil and Rock Properties in Geotechnical Engineering; Jay Ameratunga, Nagaratnam Sivakugan, Braja M. Das; 2016  

- Direct shear 

- Uniaxial 

- Triaxial 

- Vane Shear Test 

- In Situ Shear Test 

- Edge Plate Load Test (EPLT) 



Chemical analysis of Soil samples and groundwater chemistry 

Some of the chemical materials in the soils can cause damages on the buried concrete 

structures in sub-surface layers, which lead to serious problems on underground structures 

such as tunnels and sub-way stations. 

Chemical 

materials 

ωpH 

ωCL- % 

ωSO3
-2 % 

ωCaSO4,2H2O % 

ωOrganic Material % 

Chemical analysis 

of groundwater  

ωpH 

ωCl- (ppm) 

ωEc (µmhos/cm) 

ωSo4
-2 (ppm) 

ωT.D.S (ppm) 
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Geotechnical  ωFoundation design 

ωShoring  

ωSlope stability 

Hydrogeology 

ωDewatering 

ωWater balance  

ωWater proofing 

ωDrainage 

ωStorm water management 

Environmental ωExcavation  

ωDamping 

ωSynthetic cleaning 

Geomaple 



Geotechnical properties 
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GBR(Geotechnical Base Report) data presentation and report 

·The interpretation and analysis were done based on the method used for analysis. 

·Bore log information (drilling & sampling depths & methods, field test data, drilling 

notes, soil appearance, stratification and etc.) 

·Content of report (introduction, site description, site geology, soil conditions, 

discussion, appendices and etc.) 
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GBR(Geotechnical Base Report) data presentation and report 

Â Introduction ï brief summary of proposed works, investigation conducted, site location, timescale of the work, key 

personnel. 
 

Â Site Description ï Topography, main surface features, detail access, site history, site maps, pre-existing works / 

underground openings. 
 

Â Site Geology ï Overall geology, specific area geology, main soil and rock   formation/structures. 
 

Â Soil Conditions ï detailed account of the conditions encountered (in relation to the proposed works), description of all 

strata, results of laboratory and in situ tests, detail of groundwater conditions. 
 

Â Discussion ï Comments on validity and reliability of the information presented, further work (if  required). Definition of 

appropriate design parameters and methods of both design and construction (interpretative report) 
 

Â Appendices ï borehole logs, laboratory test results, in situ tests, geophysical survey records, references, literature 

extracts 

GEOTECHNICAL ENGINEERING Site Investigation, Dr. Amizatulhani Abdullah 
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Step by Step Design 

ü Empirical design 

1- Approximate Predictive  Design 

2- Experimental  Predictive  Design 

ü Limit Equilibrium method 

ü Stress-Strain Analyses 

1- FEM (Finite Element Method) 

2- FDM (Finite Deference Method) 

3- BEM (Boundary Element Method) 

3- Neural Network  
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Limit Equilibrium method  

Geometry 

Surcharge Condition 

Soil Parameters 

Water Condition 

Safety Factor 

Element Force 

Seepage 

é 

Limit Equilibrium Solver 

Input Output 
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Stress ï Strain Analyze 

Geometry 

Constitutive Model 

 parameters  

Element Parameters 

Surcharge Condition 

Boundary Condition 

Water Condition 

Stage Construction 

Facing Condition 

Stress Distribution 

Strain Distribution 

Crack Propagation 

Pour Pressure  

Distribution 

 

Structural elements Forces 

Safety Factor 

Stress-Strain Solver 

Input 
Output 



The proper soil constitutive model is an important issue and matter of discussion in numerical simulations of soil structures 

which affects the results.  

The analysis of tunnels construction in cemented soils with strain-softening behaviour is a very complex problem.  

In such materials, which are characterized by distinct peak and residual strength parameters, strength reduction can occur 

with increasing strain. Furthermore, the high stiffness of unloading paths in soil mass around tunnel section and of low strain 

in cemented soils affects the results.  

prediction of ground settlement strictly is influenced by the 

material constitutive model.  
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Soil constitutive model 



It is consequently difficult  to determine which model to select for a particular task and the requirements for determination of 

parameters are not uniform.  

Overview of Constitutive Models For Soils, by P.Lade, 2005 

Á The Linear Elastic Model (LE) 

Á The Mohr-Coulomb Model (MC) 

Á The Drucker-Prager Model (HS) 

Á The Softening Model 
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Usual constitutive model are: 

Soil constitutive model 



The Linear Elastic Model (LE) 
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The simplest material model is based on Hooke's law for isotropic linear elastic behavior.  

Soil behavior is highly non-linear and irreversible. The linear elastic model is insufficient to capture the essential features of 

soil.  

The use of the linear elastic model may, however, be considered to model massive structures in the soil or bedrock layers. 

Soil constitutive model 



The Mohr-Coulomb Model (Perfect-Plasticity) 

The oldest and still the most useful yield criterion for cohesive frictional materials is the empirical proposal made by 

Coulomb (1773) in his investigations of retaining walls  

Basic idea of an elastic perfectly plastic model 

Plaxis (FEM Software) -Material Models Manual  
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Based Parameters: 

Soil constitutive model 



Hardening Soil Model (Isotropic Hardening) 

The hardening soil model is an advanced model for simulating the behaviour of different types of soil, both soft and stiff 

soils, Schanz (1998).  

In the special case of a drained triaxial test, the observed relationship between the axial strian and the deviatoric stress can 

be well approximated by a hyperbola.  

later used in the well known hyperbolic model (Duncan and Chang, 1970).  
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Based Parameters: 

Soil constitutive model 



Hardening Soil Model (Isotropic Hardening) 

Plaxis (FEM Software) -Material Models Manual  

Hardening is assumed to be istropic depending on both the plastic shear and volumetric strain. 

For the frictional hardening a non associated and for the cap hardening an an associated flow rule is assumed. 
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Soil constitutive model 



M.C. and H.S. Soil Model 
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Mohr -Coulomb Model (Perfect-Plasticity) Hardening Soil Model (Isotropic Hardening) 

Elastic region 

Softening region Hardening region 

Hardening- Softening soil model for 

cemented soils 

Soil constitutive model 



Yasrobi et al (2013) presented a numerical results using softening soil model and Mohr-Coulomb elastic- perfectly plastic 

model and compared with monitoring results from Niayesh tunnel. the strain softening behaviour of the material was 

considered for by a reduction of the strength parameters of the elasto-plastic Mohr-Coulomb model with increasing a 

deviatoric plastic strain 

Softening Soil Model 
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Based Parameters: 

profile of surface settlement for monitoring 

and prediction 

Soil constitutive model 



Softening Soil Model 

to estimate the accuracy of results given by numerical modelling, the surface settlement given by monitoring records is 

considered as the reference and has been compared with results of model softening and elastic-perfectly plastic Mohr-

Coulomb model 
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Soil constitutive model 
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Soil constitutive model (Parameters) 

Dilatancy angle 

Correlations of Soil and Rock Properties in Geotechnical Engineering; Jay Ameratunga, Nagaratnam Sivakugan, Braja M. Das; 2016  

The relation between the dilatancy component from a triaxial compression test, the relative density, and the mean principal 

stress at failure suggested by Bolton (1986) 

Kulhawy and Mayne (1990) suggest taking as the dilatancy angle ɣ. 

Bolton (1986) suggested from laboratory test data that for plane strain compression 

loading 

A simple and somewhat crude approximation for dilatancy angle, as often used in Plaxis analysis, is 



Numerical modeling tools (Software) 
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Differential methods are more difficult  and time consuming than boundary analyses (BEM), both in terms of model preparation 

and solution run times. As such, they require special expertise if  they are to be carried out successfully. 

Continuum  
ωFinite difference method 

ωFinite element method 
DisContinuum 

ωDiscrete element method 

ωDistinct element method 

FLAC (Itasca) More use in soil and rock 

Phase2 (Rocscience) More use in rock 

DIANA (TNO) More use in soil and rock 

ELFEN (Rock field software Ltd.) More use in rock 

VISAGE (VIPS Ltd.) More use in soil and rock 

Commercial Software's  

PLAXIS (PLAXIS BV) More use in soil 

SVSoild (Soil Vision Systems Ltd.) More use in soil  

ANSYS (ANSYS, Inc.) More use in soil and rock 

ABAQUS (SIMULIA) More use in soil and rock 

GeoStudio More use in soil 
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Foundation engineering 

SAP (structural analysis) 

Numerical Modeling of Geotechnical projects 

Deep Foundation- Driven Concrete pile 

Shadegan Steel Complex 
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Excavation 

Numerical Modeling of Geotechnical projects 

Based Parameters: 

-Deformation and Settlements 

- Facing stresses (Shotcrete, Concrete Wall, Berlanié) 

- Tendons force (Nail, Anchor,é)  

Results: 

E Young's modulus 

ɡ Poisson's ratio  

ű Friction angle 

c Cohesion 

ɰ Dilatancy angle 

Eun/re Unloading/reloading stiffness 

m  power- dependency of stiffness  

Rf Failure ratio 
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43m 
Deep Excavation  (Anchorage &  Waller ) 

              Access to  Tunnel 

Excavation 

Numerical Modeling of Geotechnical projects 



Axial Forces 

Bending Moments 65 
Finite Element Modeling with Plaxis 

Tunneling 

Numerical Modeling of Geotechnical projects 



Numerical Modeling of Geotechnical projects 
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Improvement of soft soil ground 

DSM method 



Construction Methods of Deep Excavations: 

 

 

1- NAILING OR ANCHORAGE  

2- STRUTS SUPPPORTS 

3- SOLDIER  PILE&LAGGING 
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Construction Methods of Ramps (Nailing) 

North tunnel of 

Niayesh 

South tunnel of 

Niayesh 

Structure & tower- 

 Air  Exchange of Niayesh 
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Construction Methods of Ramps (Nailing) 
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Contour of horizontal 

displacement 

The area of probable cracks 

Probable failure surface 


