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Disclaimer: the automatic parameter selection relies on statistical data and empirical correlations.
It is user’s responsibility to verify the suitability of parameters for a given purpose, in particular
by verifying reproducibility of available experimental results and by adjustment of parameters. The
validation of parameters should also be carried out for the parameters identified from experimental

curves.

Sign convention: Throughout this report, the sign convention is the standard convention of soil
mechanics, i.e. compression is assigned as positive.
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Chapter 1

VIRTUAL LAB

Virtual Lab is an interactive module which provides users with:

e assistance in selecting a relevant constitutive law with regards to the general behavior of
the real material

e first-guess parameter estimation based on field test records

e automated parameter selection (first-guess values of model parameters for soil for any
incomplete or complete specimen data)

e user-engaged parameter selection (interactive parameter selection which involves browsing
different parameter correlations including field test data)

e ranges of parameter values which can be considered in parametric studies

e automated parameter identification from laboratory experimental data including numerical
curve-fitting, and filtering for high-resolution and noisy data

e graphical inspection of identification approaches and regression analyzes

e possibility of running numerical simulations of elementary laboratory tests in order to visu-
alize the response of a constitutive model for freely defined model parameters

e possibility of comparing experimental laboratory curves with numerical predictions with
identified parameters

1.1 OVERVIEW

A parameter determination session with Virtual Lab corresponds to the analysis of a repre-
sentative soil sample which can be described by general macroscopic behavior and available
previously identified soil characteristics. Moreover, material behavior can be represented in
the form of curves which have been obtained via the standard laboratory tests. All of this
data can be used during parameter determination by means of one or more of determination
approaches:

e Automatic parameter selection (suitable for a quick parameter estimation which relies on
default, best-working correlations)



CHAPTER 1. VIRTUAL LAB

e Interactive parameter selection (detailed statistical analysis based on manual browsing the
database of correlations)

e Parameter identification (based on laboratory curves, highly recommended for determinant
soil layers which will have a strong influence on a given geotechnical study)

Window 1-1: Parameter determination from the representative soil sample }7

Z Soil

SOIL SAMPLE

SKELETON STRESS HISTORY
MATERIAL 1
IN sI1TU
FLUID STRESS STATE
MATERIAL 2 ,
MACROSCOPIC
FIELD LABORATORY DESCRIPTION
TESTING TESTING V
GEOTECHNICAL J’ PHYSICAL
PROPERTIES — EXPERIMENTAL == PROPERTIES

CURVES

-

PARAMETERS FOR CONSTITUTIVE MODELS
AND INITIAL STATE VARIABLES

! Window 1-1 \

The toolbox can be initialized by clicking on | Open Virtual Lab ‘which is available when one
of the following continuum models has been chosen as the material definition (Win. 1-2):

o Mohr-Coulomb

Hardening-Soil small strain

Cam-Clay

Cap model

2 Z_Soil 120201 report (revised 1.07.2023)



1.1. OVERVIEW

The current version of the Virtual Lab v2023 is limited to soil analysis with a special reference
to the aforementioned constitutive laws. Moreover, the automatic or interactive parameter
determination algorithms enables the user to identify parameters for the following groups of
characteristics:

e Unit weights

o Fluid weight (considered as the second material filling the skeleton voids)
e Initial K state

e Flow, including estimation of parameters for:

x Darcy's law which describes the fluid flow in a porous medium

» van Genuchten's model which defines the soil water retention curve (van Genuchten,
1980; Yang et al., 2004) in its simplified form implemented in ZSoil v2023

| Window 1-2: Initializing the Virtual Lab |

Z Soil
Evol. Ei i
e EE LE o G i (7 15
Materials Existence Load Evolution Parametric Run analysis View log file Restart =} About Virtual Lab
definition = functions functions  functions analysis analysis Paostpre o

Matenial definition

Add | Madify | Delete | Edit material in *irtual Lab

List of defined materials

MName | Cont./Struct, type | I aterial formulation | [v Elastic Open
=1 test 1 Continuum H5-small strain stiffness [ Uit weighis T
Add/update material *
Open
Number |1 Name |TEEEN
Continuum & structure type : M atenial formulation ; Open |
Cortirum j |HS-smaII shrain stiffress j

Import material from database |

Import material from Yirtual Lab database

™ Advanced Ok | Cancel |
blic presents
5 IN GEOTE . ibourg, Switzerland.
™ Damping
Add zelected material to database | Import materials from = INP |

Add selected matenial to Virtual Lab J Import materials from Yirtual Lab

databaze database
(A4

I~ advanced Help ror current model | Help | Cancel | 0K |

The Virtual Lab can be directly called from the main ZSoil toolbar menu . When open-
ing, the Material Database Manager appears first to prompt the user to select a new or an
existing material to be edited. Next the parameter identification session starts in the main
module of the Virtual Lab.

Z_Soil 120201 report (revised 1.07.2023) 3
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The Virtual Lab can also be accessed from the Material dialog [A.3] (NB. the button Edit
material in Virtual Lab is visible only if Mohr-Coulomb, Hardening-Soil Small Strain, Cam-
Clay or Cap model formulation is defined). Using [A.3], a user will be asked whether a new
material should be added to Virtual Lab 's Material Database; otherwise, the data generated
during a parameter identification session will be saved in a pid file, in the same folder of the
FE model.

The remaining buttons make it possible to access to the Virtual's Lab Material Database see
Win.1-3: to import an existing material from the database, to add a new material

to the database, and to import many materials to the model material list.
| Window 1-2

Using the Virtual Lab v2023 , the following general rules apply for any parameter determina-
tion session or method:

81
All-at-once principle: A single determination method extracts all possible
knowledge from the soil sample regardless of the currently selected
constitutive model.
The whole extracted knowledge is saved and can be reused for any available material
model formulation.

§2
The user-predefined (known) parameters which describe the representative
soil sample remain fixed and unchanged during any automatic or interactive
parameter selection.
These fixed parameter values are also used by correlations for the inter-correlated
parameters (parameters that are identified based on the fixed parameters).

83
Stress dependent stiffness characteristics of soil are transformed to the
user-defined reference stress value by means of the power law which is used in
the standard formulation of the Hardening-Soil Model (Win.2-15).
It means that soil stiffness depends on the stress level, and therefore in the in-situ stress
state, it increases as depth below the ground surface increases.

4 Z_Soil 120201 report (revised 1.07.2023)
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MATERIAL DATABASE

1.2 MATERIAL DATABASE

The Virtual Lab offers an integrated material database management system. The Material
Database Manager allows users to systematically collect, modify and access the analyzed
materials. Since the database is developed based on SQL techniques, many users can work
with a shared database (same connection) at the same time.

Window 1-3: Material Database Manager!

Z Soil
Bl Material Database Manager ? X
Database location : ¢:\ProgramData\25eil v2020\Ful\CFG\Materials\Soils. vidb Connect to database...
Datasets:
Description Created -fCreabe Mew Set
1 ils interpreted for project 1 2019-12-30, 21:18
i 2
2 materials generated for project 2 2019-12-30, 21:2¢ x Delete Selected Set
3 | my seils my soils 2019-12-30, 21:1¢ -
Materials in dataset: my project 1
Mame Location Model formulation  Author Created Last modified -fNew Material. ..
1| Gravel Undefined HS-small strain stiffness User 1 2018-12-30, 21:18 2019-12-30, 21:18:20 —————
2 Sand  Undefined HS-small strain stiffness User 2 2018-12-30, 21:18 2018-12-30, 21:18:20
-
3 Clay 1 Undefined HS-small strain stiffness | User 1 | 2019-12-30, 21:26  2019-12-30, 21:26:49 @ Edit Authors. ..
4| Clay 2 | Undefined HS-small strain stiffness User 3 2018-12-30, 21:27 2019-12-30, 21:27:07 ¥ Edit Locations....

5

% Quick Preview...

,l‘ Edit Selected...
Do

C.2| add/delete material, manage detailed records of authors and locations

connect to different databases (databases can be stored in shared locations like servers);
the default database is created in ZSoil's Program Data folder
manage data sets; e.g. groups of soils or specific projects

browse materials in the data set selected in |B.1]; name, location and author can be

modified at any time

C3
ification

preview values of model parameters which were modified and saved after the last mod-

edit a material selected in by starting a Virtual Lab session
quit/exit Material Database Manager and Virtual Lab

! Window 1-3 ‘
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1.3 ARCHITECTURE

A parameter identification session in the Virtual Labis an analysis of the "representative
sample” of a real material. Therefore, the real material should be described by means of
representative values of material properties which can be obtained from a statistical analysis
of a number of soil samples or field tests.

| Window 1-4: General architecture of the Virtual Lab |

Z Soil

Virtual Lab

Soil Sample Data
Input i i i
(Input) List of determination methods

Parameter selection summary

Material Model
(Formulation)

List of

Parameter material Identified parameter values

Determination model(s)
(Modules) parameters

Parameter

Verification and
Validation

{ Window 1-4 ‘

The Virtual Lab consists of the following main modules:
Soil sample data input which allows the real material to be described by means of:
e its general behavior type

e known physical properties measured through laboratory tests or known mechanical charac-
teristics

e field test results obtained in the considered soil layer
Material model formulation which makes it possible to:

e change the material model at anytime during a parameter determination session

e activate the assistance in material model selection which relies on user-preselected Material
Behavior Type

6 Z_Soil 120201 report (revised 1.07.2023)



1.3. ARCHITECTURE

Parameter determination modules which enables performing:

e quick, automated analysis of the representative soil sample based on default correlations

e interactive analysis of the representative material sample based on user-selected identifying
correlations

e automated parameter identification based on laboratory curves obtained with standard
laboratory tests

Parameter verification and validation module which makes it possible to:

e simulate standard elementary laboratory tests (triaxial drained, undrained compression and
oedometric tests)

e compare the numerical model response with the laboratory curves used to identify the
parameters

Parameter selection summary allows users to:

e follow the progress of a parameter determination session
e compare results obtained with different determination methods

e select and assign parameter values for the selected constitutive model(s)

Z_Soil 120201 report (revised 1.07.2023) 7
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1.4 ELEMENTS

\ Window 1-5: Main window of the Virtual Lab !

Z Soil

File Control View Tools Help
Material Data Parameter Selection
Material label: Material label Ii Graphical preview Copy checked values to User's selection | or drag-and-drop to assign user-selected values
Ratnde: =] s Parameter Symbol Unit User's selection Automatic
Select Material Behavior Type =+ it weights
Gravel Unit weight ~ kN3 |1a28 1828
2;"‘1 Unit weight of fluid T kN/m™3] 10
Clay Initial void ratio € il 06278 0.6278
Mormally consolidated Unit weight of dry sail o [kN/m™3] |1653 16.59
Lightly overconszolidated =[] Elastic
a:::l:n;f:rd:ol::n\idatad Ref. un-freload. modulus J{I-:_:J’ [kN/m™2] 15600 1.5Ge+04
Un-freloading Poisson's ratia Uy 1l 0.2 0z
Stiffress exponent [zig3) m i 0.65 065
In situ test data Material properties Reference stress Tref [kN/m™2] 100
@ Stiezs dependency: sig-3
Material Formulation Stress dependency: p
Assistance in model preselection Model Help Small strain stiff. active
Available constitutive models: HS-small strain stiffness - Plef. il stf. maduls 2 7[“;,-““2] 72810 T
Small strain threshold Yo7 il 0.0002
Parameter Determination Methods =l |+ Morlinear
Automatic selection via literature database Failure frction angle OJr 7[‘:'89] a8 285
Dilatancy angle i [deq] 1.188 1.188
Interactive selection via correlations induding in situ test data Failure cohesion kN/m2] |15 15
Identification via laboratory test data Ref. sec. modulus at 50% of gf [kN/m"2] 5201 520
¥ Auto. eval of M and H Compute MH
e (EE T B Ko coef. for NE soil KahC i 05228 05228
Lab Test Simulation Refeience oedometric stress q:h':,' [kN/m"2] 100
Ref. oedometric modulus !K‘: [kN/m™2] | 3338 3836
Preoverburden pressure g"or [kN/m™2] |0
@' Dverconzolidation ratio OCRIS il 1.4 14
Shiess reversal Ko cosff KR il 052248 0.5228
@) Conzolidation KoMC
Consolidation isotropic
Conzolidation anizatropic
= Initial Ko State
Automatic Ko evaluation
Coeff. Kain ¥ direction Ky - 1l 06138 0.5138
Coeft KainZ drection Ko, LGS fE138
= Flow
Darcy's coeff. in % dir I W 3e-10 3e-10

Show advanced parameters Show unused determination methods

The dialog window of the Virtual Lab is divided into the following two main sections which
are designed to:

define material data input including definition of the material type and its main fea-
tures, selection of the material formulation (a relevant constitutive law), performing parameter
identification by means of the different determination approaches (automatic or interactive
selection, parameter identification), running a simulation of standard laboratory tests with
user-defined parameters.

post-process the model parameters which have been obtained by means of a number
of different determination methods (columns on the right-hand side of the " User's selection”

8 Z_Soil 120201 report (revised 1.07.2023)



1.4, ELEMENTS

column). The columns with determination methods are hidden until the parameter identifica-
tion based on a given method has been carried out. The parameters are arranged according
to the groups of properties that define soil models in ZSoil v2023 .

{ Window 1-5 ‘

Z_Soil 120201 report (revised 1.07.2023) 9
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Window 1-6: Material setup and parameter determination methods}—
Z _Soil

Material Data . . . .
Material label as in main Material

Material label: [rny day 4—}» dlalog of ZSoil

Material type: Soil B = General family of the material.
| Only Soils are available in Virtual Lab v2023

Select Material Behavior Type

Gravel <~—— Definition of Material Behavior Type

Sand and specific material feature which drives
Sk the preselection assistant for

Clay material model formulation

Mormally consolidated
Lightly overconzolidated

Overcongolidated L .
Heavily overconszalidated Deflnltlon Of field test data

Some in situ tests can help
to determine Material Behavior Type

In situ test data || waterialpropertes |« Definition of basic material properties specific
to preselected Material Behavior Type

Material Formulation

Activation of the model formulation assistant.
Model is recommended based on the preselected
Material Behavior Type.

. . . [
Assistance in model preselection I MaodeHelp

Available constitutive models: [HS -small strain stiffness =

Parameter Determination Methods . . . .
Calls automatic or interactive parameter selection

. . P -+ .
[ Automatic selection ] via literature database modules - fu||y automatic or user-engaged
: . _ o parameter determination, respectively
[ Interactive selection l via correlations induding in situ test data
| Identification | via laboratory test data  <+———|— Calls parameter identification module

- automated interpretation of laboratory curves.

Parameter Verification and Validation

[ e — l <~— Enables running simulation of laboratory tests
using user-defined or
identified parameter vectors.

| Window 1-6 |

10 Z_Soil 120201 report (revised 1.07.2023)



1.4, ELEMENTS

Window 1-7: Post-processing - Parameter Summary}

Z Soil

r Parameter Selection

[Graphiml preview l I lCopy checked values to User's selection l or drag-and-drop to assign user-selected valuss

2

Parameter B . ]_ Symbol L B . 2 Uszer's selection Automatic |nteractive CPT DT P T

El- [ Unit weights

-~ Urit weight 5 /3] 14530 B.3 | (1459 V16

- | it weight of fluid ol [kM/m™3] |10
-~ Intial void atic €0 (0 Jossos [ 08505
- Urit weight of dwsal — ryp 145307 11459
- |«] Elastic
- Rief, unefreload. modulis 7 10029.9 []1.003e+04
- Un-freloading Paissan's il 4, E 0.2
- Siifness sxponent m (0 Joserzes [J0g47s Clos
- Reference stress Tref 100
- [ ] Small strain stiff, activl
- R, inlial st modulus B BE956. 1 [6507e+04
- Small shain threshold g - (0 Joooo
B[] Naonlinear
- Failue fiction angle T %5 (25
- Dilatancy angle W 0 o
- Failure cohesion cy 15 15
Rt sec. modulus 2t 80%1 7 33433 a2
- o] uto, eval of M and 1| Compute M.H q
~Kocoeff forNCsol | KeNC | 1 |nss3so 05538
- Reference oedometric strl g;:j‘,’ [kNAm™2] (100

- Ref. oedometric modulus .F-:IJ; [kM/m"2] |254E.82 Lloc

- () Preaverburden press] g [kMN/m™2] |0 m
- (@) Overconzolidation ratl O(‘jRHS 1.05 105 e

- Shess reverzal Ko cosff, K,']"'R 0.653802

- (@) Congolidation KoNC

e

- () Comzolidation izobropic

-+ () Conzolidation anizotr]

El- Initial Ko State

|

Show advanced parameters

Elements of the parameter selection summary:
B.1| calls graphical post-processing results

.2 | copy parameter values which are assigned by means of different determination methods

((B.4)) to the final selection (|B.3])

m values from the green column will be copied the active material in the main
Material dialog of ZSoil when closing the parameter determination session if the the
Virtual Lab was opened with 'Edit material in Virtual Lab ' (see in Win. 1-2); the

parameters from the User’s selection will be also retrieved using the importing options
or in Win. 1-2)
all checked parameters will be copied to the user’s selection column on Copy checked

values to User's selection fast assigning individual parameters with the aid of the drag-
and-drop technique

| Window 1-7 |

Z_Soil 120201 report (revised 1.07.2023) 11
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1.5 AUTOMATIC REPORTING

Virtual Lab v2023 offers an automated, user-configured and ready to print reporting. The
report, can be printed out at any time during a parameter determination session. This option
can be found in the main toolbar.

File  Control View Tools

Material Data Print report

The report can be configured before printing as shown below.

Window 1-8: Configuration of report content!

Z Soil
BEi Print report ? X
Report Header
Project Title: My Project
Author: user
Company: user's company name

Company logo: C
O

Report Content
Input Data Parameter Determination Mathods
| Material info (dass, behavior type, constitutive model) ¥| Automatic parameter selection
¥ Material data 8 Material model parameters
v General material description All estimated parameters C 1

¥ Know terial i
OWn material properties | Interactive parameter selection

| Field test data and first-order estimates of parameters i
Material model parameters

O (
)

«' CPTU (Piezocone Penetration Test) ® All estimated te
estimated parameters

| DMT (Marchetti's Dilatometer Test)

| PMT (Menard's Pressuremeter Test) | Parameter Identification from Laberatory Tests

¥ SFT (Standard Penetration Test) @/ Material model parameters

¥ SVW (Shear Wave Velodity) Test variables and model parameters
| Laboratory test data All identified variables and parameters

Parameter Verification and Validation

| Elementary test simulations

i

¥ Save settings in Config Print Report l [ OK. ] [ Cancel l

The report content to be configured:

project title, author, company and company’s logo will be printed in the report header.
This data will be remembered for the next project except for the project title

B.1| general material information including a material class, general behavior and selected
constitutive law; all the known properties are listed in tables and charts

12 Z_Soil 120201 report (revised 1.07.2023)




1.5. AUTOMATIC REPORTING

includes input data from in situ tests (tables and charts) and first-order predictions

includes defined experimental tests in the form of tables (initial state) and the most
representative charts for a given test

m gives a summary of Automatic Parameter Selection
gives a summary of Interactive Parameter Selection

gives a summary of Parameter Identification from experimental data including the se-
lected configuration of identification options

@ gives a summary of parameter verification (simulation runs of elementary laboratory
tests) and parameter validation (experimental data vs numerical results obtained for identified
parameters), including charts and tables with initial state variables and the applied model
parameters

! Window 1-8 ‘
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1.6 HOW TO PERFORM A...

1.6.1 ... PARAMETER DETERMINATION

1.
2.

Define Material Behavior Type

Define macroscopic general material behavior and available material properties and field
test data

Select the material formulation (constitutive model) for which you would like to determine
parameters

Perform parameter identification if complete laboratory experimental data are available
Perform Automatic Parameter Selection and/or Interactive Parameter Selection
Post-process the identified parameters

Perform parameter verification or parameter validation by comparing numerical results with
experimental data

1.6.2 ... AUTOMATED PARAMETER ESTIMATION

1.

Define macroscopic general material behavior and available material properties and field
test data

Perform Automatic Parameter Selection or/and Interactive Parameter Selection (semi-
automated parameter estimation)

Perform parameter verification by running elementary laboratory tests

1.6.3 ... PARAMETER IDENTIFICATION FROM LABORATORY

CURVES

. Select the material formulation that you would like to use and press the button Identification

Insert experimental data from laboratory tests

Go to data interpretation, select the test that you would like to interpret and press the
button Interpret selected

Close the parameter identification dialog and perform post-processing of identified results

Perform parameter validation by comparing numerical results with experimental data

1.6.4 ... SIMULATION OF A LABORATORY TEST

1.
2.

3.

14

Select the material formulation (constitutive model) that you would like to use
Go to Laboratory Test Simulator

Choose the laboratory test that you would like to simulate

Z_Soil 120201 report (revised 1.07.2023)



1.6.

HOW TO PERFORM A...

4. Define initial state variables
5. Define a loading program
6. Specify model parameters

7. Run simulation by pressing Run selected test

Z_Soil 120201 report (revised 1.07.2023)
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Chapter 2

MATERIAL DATA INPUT FOR SOILS

In the Virtual Lab , parameter determination algorithms identify material parameters based
on the user-provided material data. These data can be specified by means of the two main
dialog windows:

1. Basic material properties which makes it possible to specify:

e General soil description
e Generic material properties (commonly recognized geotechnical characteristics)
e Material type specific properties (parameters of coarse- or fine-grained soils)

2. In situ test data which allows the representative results from field tests to be specified,
as well as a quick, first-guess parameter estimation to be carried out for the following
commonly applied in-situ tests:

e Cone Penetration Test (CPT)

Marchetti's Dilatometer Test (DMT)

Menard's Pressurementer Test (PMT)

Standard Penetration Test (SPT)

Shear wave velocity measurements (SWV)



CHAPTER 2. MATERIAL DATA INPUT FOR SOILS

2.1 BASIC MATERIAL PROPERTIES

The Basic Material Properties dialog window enables the user to introduce physical and
mechanical characteristics which are available for a given material.

Window 2-1: Basic material properties for soil}

Z Soll
| &
Soil Behavior Type Stress History (% Consistency % Plasticity % Organics Content % Saturation state %
Gravel Normally consolidated Unknown Unknown Unknown Dry
Sand Lightly overconsolidated Very soft Low g Humid
Silt Owerconsolidated Soft Medium Organic Damp
Heavily overconsolidated Medium High Moist
Stiff Very High Wet
Very stiff Extremely High Saturated
Hard
Reset
C.2 C3 C4 i
Known Soil Properties Unit Weights Soil specific roperties
| Allow updating General Soil Description C 5
Typically reported characteristics Simplified soil stiffness description
Parameter Symbol Walug Unit Reported stiffness modulus: q
Friction angle & [deal \'} E 10000 Tkhijm~2) Y_),
Cohesion e [ki/m~2] \'} sampled for vertical effective stress (estim.):
Overconsolidation ratio OCR _ 0 \} . 350 || Mum~z | e
| Provided modulus corresponds to:
“static” modulus Q}J
unloading-reloading medulus Q}J
) secant modulus E50 D
:
EPS-1
Import Tabular Data Automatic Parameter Selection ... | | Interactive Parameter Selection ... oK Cancel
! Window 2-1 ‘

C.1| General soil description which best defines observed macroscopic material behavior

C.2| Input of material characteristics typically reported in geotechnical documentation and
common for any type of soil

Input of physical properties such as w,, v, v, which are used to compute ey, vp, Ygar,
vp; they can also be used with many empirical correlations while performing interactive pa-
rameter selection

Group of parameters specific to the soil type, e.g. granular or cohesive soils

If enabled, the general soil description will be automatically updated when known pa-
rameters are specified or modified; if the general soil description is modified by changing any
soil feature and the value of parameter is not compatible with the soil feature criterion, the
cell with the parameter value will be highlighted in red, as illustrated with the example of
OCR

Simplified soil stiffness description; during parameter selection, the specified modulus
will be kept unchanged, however its value will be transformed to the user-defined reference
stress ot by applying the stiffness power law and corresponding minor stress which is com-
puted based on the provided value of the vertical stress o/, and evaluated in situ K coefficient
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2.1. BASIC MATERIAL PROPERTIES

Quick access to parameter determination methods
Importing tabular data collected in ASCII file format

2.1.1 QUICK HELP

| Window 2-2: Quick help]

Relative density {(» Gradation Parti
3::?::5: Compaction state of coarse soil in terms of ::;
Loose relative density D: Suba

. D, = 15% - Very loose
Medium Subr
Dense 15% < D, £ 35% - Loose Rour
Very dense 35% < D, £ 65% - Medium

A quick help pops up when the mouse cursor rests over the book icons .

65% < D, £ 85% - Dense
D, > 85% - Very dense

Z Soll

| Window 2-2

Z_Soil 120201 report (revised 1.07.2023)
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CHAPTER 2. MATERIAL DATA INPUT FOR SOILS

2.1.2 GENERAL SOIL DESCRIPTION

The general soil description allows the identification algorithm to filter best-working correla-
tions when performing Automatic Parameter Selection. A more precise soil description
will result in narrower confidence limits for parameters.

Window 2-3: General soil description (1/2)

Z Soil
Soil Behavior Type General soil type behavior according to the Unified Soil Classification
System (USCS)
Stress History Overconsolidation state according to geotechnical convention:

e 1.0 < OCR < 1.1 normally consolidated

e 1.1 < OCR < 2.5 lightly overconsolidated

e 2.5 < OCR < 5.0 overconsolidated

e OCR > 5.0 heavily overconsolidated

Relative density/ Consis- | Relative soil density or soil consistency depending on general soil type
tency behavior

Compaction state of coarse-grained soils in terms of relative density
D,

e D, <=15% - Very loose

e 15% < D, <= 35% - Loose

e 35% < D, <= 65% - Medium

e 65% < D, <= 85% - Dense

e D, > 85% - Very dense

Consistency of fine-grained soils in terms of consistency index I¢
(= (wg, — w,)/PI):

e /o < 0.05 - Very soft

e 0.05 < I < 0.25 - Soft

e 0.25 < I¢ < 0.75 - Medium

e 0.75 < I < 1.00 - Stiff

e I > 1.00 and w,, > w, - Very Stiff

e [ > 1.00 and w,, < w, - Hard

with w - moisture content, w, - shrinkage limit

Window 2-3
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2.1. BASIC MATERIAL PROPERTIES

Window 2-4: General soil description (2/2)}

Z Soil

Gradation/Plasticity Gradation of coarse-grained soil or plasticity of fine-grained soil

Coarse-grained soil classification in terms of gradation:

e Poorly-graded sands C, <6 (and/or C}, <1 Cy, > 3)

e Poorly-graded gravels C, <4 (and/or Cy, <1 Cy > 3)

e Well-graded sands C,, <6 (and 1 < Cf < 3)

e Well-graded gravels C,, <4 (and 1 < C}, < 3)

with C}, - coefficient of curvature, C, - coefficient of uniformity

If the content of fines (particles smaller than 0.06mm) is larger than
12% then coarse-grained soil may be classified as silty or clayey:

o Silty if PI < 4 or Atterberg's limits below " A" line in the plasticity
chart ( "A" line: PI =0.73(wr — 20) )

e Clayey if PI > 7 or Atterberg's limits above "A" line in the plas-
ticity chart.

Fine-grained soil classification in terms of plasticity and liquid limit
wy,:

e 0 < wyp <35% - Low plasticity

e 35 < wy, < 50% - Medium plasticity

e 50 < wy, < 70% - High plasticity

e 70 < wr, < 90% - Very high plasticity

e wy > 90% - Extremely high plasticity

Shape/Organics Shape of particles of a coarse-grained soil or existence of organics
content in a fine-grained soil

General classification in terms of organics content:

e Inorganic soil OC < 3%

e Organic silt or clay 3 < OC < 10%

e Medium organic soils 10 < OC < 30% (not supported in v2023)
e Highly organic soils OC > 30% (not supported in v2023)

This classification controls the prediction of deformation characteris-
tics
State State of soil saturation

Automatic Parameter Selection estimates always two types of unit
weight:

1. Dry unit weight v, (used in Deformation+Flow analysis type)
2. Apparent unit weight v based on the specified degree of saturation
S (the apparent weight is used in Deformation analysis type)

NB. For the Deformation+Flow analysis type, the apparent unit
weight of each finite element is computed from the dry unit weight
Yp, the current degree of saturation S and the porosity n:

v =7vp +nSyp with 7y - fluid unit weight

Window 2-4
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CHAPTER 2. MATERIAL DATA INPUT FOR SOILS

2.1.3 AUXILIARY NUMERIC DATA

The dialog below makes it possible to specify known values for material characteristics typ-
ically reported in geotechnical reports. Some of these parameters are used to adjust the
general soil description and can appear as the input in correlations which help to compute or
estimate other parameters. Notice that the user-defined parameters which describe
the representative material sample will remain fixed and unchanged during any
automatic or interactive parameter selection session.

Window 2-5: Content of Known soil properties group and its description }7

Z Soil
Known Seil Properties Unit Weights Soil spedific properties
| Allow updating General Soil Description
Typically reported characteristics Simplified soil stiffness description
Parameter Symbol Value Unit Reported stiffness modulus: ) q
Friction angle & es) |'® E 10000 | | [tijm~2] |
Cohesion ¢ k-2 | B sampled for vertical effective stress (estim.):
Overconsolidation ratio OCR 0 \} O [kN/m~2] \}
Provided modulus carresponds to:
@ “static” modulus \“})
unloading-reloading modulus \-"))
secant modulus ES0 \"})}
EPS-1
Friction angle 10} Effective friction angle; if specified, it is used to estimate K(')\'C and
K.
Cohesion c Effective cohesion which may account for effect of soil cementation

(typically for remoulded and saturated soil ¢ =~ 0 and the effect of
partial saturation, i.e. an apparent cohesion due to suction, can
be controlled by parameters o and S, which define the behavior of
partially saturated medium).

Overconsolidation OCR Value of OCR which corresponds to the provided representative pa-
ratio rameters F, ¢, c derived at corresponding characterization depth.
Specifying or modifying OCR updates Stress History setup which is
taken into account in estimation of Efef for coarse-grained soils.
Reported  stiffness | E The stiffness modulus which is typically delivered in simplified
modulus geotechnical reports which provide a single modulus to describe soil
stiffness. The modulus must correspond to the vertical effective stress
o', at characterization depth or in the middle of a relatively thin
geotechnical layer. Since the soil stiffness can be described by many
different moduli, the user can precise to which type of modulus, the
reported modulus corresponds to.

The reported E is taken to assign E™f, Er¢f, Er¢f and Efef.

e "Static” modulus FE, In this case, it is assumed that the specified modulus is considered
to be the stiffness modulus measured at the initial part of the e; — ¢
triaxial curve (at &1 &~ 0.1%). Note that F5o < Es < E.

° Unloading - | Ey In this case, the specified modulus is considered as the modulus taken
reloading modulus from the unloading/reloading part of the triaxial curve ¢ — g or
other test which allowed the stiffness modulus to be measured in
unloading/reloading test conditions.

e Secant modulus E5 In this case, the specified modulus is considered as that representing
the secant stiffness measured at 50% of the failure deviatoric stress
qf = o1 — o03. If no indication about the genesis of I/ has been
provided, then such an approach is the least conservative.

| Window 2-5 |
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2.1. BASIC MATERIAL PROPERTIES

Vert. eff. stress
at characterization
depth or in the
middle of soil layer

Estimated vertical effective stress at characterization depth; if not
indicated o7, can be taken as the effective stress in the middle of a
representative soil layer. The stiffness moduli which are estimated
based on the provided "reported” stiffness modulus will be scaled
to the user-defined reference stress o,.r with respect to the minor
effective stress estimated as o5 = min(ol,,, 0L, - Ko). If ol is
not specified, the minor stress will be taken equal to the user-

defined reference 03 = o kPa (no stiffness scaling applies).
INPUT DATA
e
Layer 1
yer , -
G vo
E Layer 2 ——
from
geotechnical |
report

Z_Soil 120201 report (revised 1.07.2023)
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CHAPTER 2. MATERIAL DATA INPUT FOR SOILS

Window 2-6: Content of Unit weights parameters and its description}

Known Soil Properties Unit Weights

| allow updating General Soil Description
Physical sail properties and unit weights

Sail specific properties

Parameter Symbaol Value
Unit weight Loy
Unit weight of skeleton g
Maoisture content u,
Degree of saturation s

Initial void ratic €0

Initial porosity T

Unit weight of dry soil 077

Unit weight of saturated soil

Buoyant unit weight T8

Z Soil

Unit weight

Total unit weight corresponding to natural moisture content w,,. Its
magnitude with the value of natural moisture content w,," and satu-
ration degree .S, is used to compute dry unit weight .

In the numerical analysis, 7 is used to describe the total soil unit
weight for the single phase analysis (Deformation only).

If specified, the value will be fixed during automatic or interactive
parameter selection.

Unit weight of mate-
rial skeleton

Vs

Typical values of specific gravity G = solid density / water density:

e Gravel - quartz 2.65

e Gravel - silty or clayey 2.66 — 2.68

e Sand - quartz 2.65

e Sand - silty or clayey 2.66 — 2.68

o Silt, inorganic 2.62 — 2.68

e Clay of low plasticity, inorganic 2.67 — 2.70

e Clay of medium plasticity, inorganic 2.69 — 2.72
e Clay of high plasticity, inorganic 2.71 — 2.78

e Clay, organic 2.58 — 2.65

v, also appears in some correlations for C..

24

Natural moisture

content

Wn

Typical void ratio and water content when saturated:

Soil description: wsqt (%) and e (-)

e Poorly graded sand: 32 and 0.85

e Poorly-graded sand dense: 19 and 0.51
o Well-graded sand, loose: 25 and 0.67
e Well-graded sand, dense: 16 and 0.43
e Glacial till, very mixed-grained: 9 and 0.25
e Soft glacial clay: 45 and 1.2

o Stiff glacial clay: 22 and 0.6

e Soft slightly organic clay: 70 and 1.9

e Soft very organic clay: 110 and 3.0

e Soft bentonite: 194 and 5.2

The value w, is used to calculate porosity ng and eq:

eo =Yg/ Yw - wn/S for S >0

w,, also appears in some correlations which estimate the compression
index C..
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2.1. BASIC MATERIAL PROPERTIES

Degree of saturation

Measured or estimated degree of soil saturation at in-situ stress
conditions.

Introducing or changing the value of S updates the State setup.
The value S is used to calculate dry unit weight from v, =

Ys Mo Tw-

Initial void ratio

€0

Estimated void ratio at in-situ stress conditions. The number
will be automatically updated once ng has been modified in the
Physical Soil Properties table.

Any change of eg will update ygat if Yp and 7 are introduced
be the user.

Initial porosity

no

Estimated porosity at in-situ stress conditions.

Weight of dry soil/
weight of saturated
soil

D
YSAT

~p corresponds to "dry” soil state when the degree of saturation
is equal to 0 (in the Deformation+flow analysis type, v, is used
to calculate total unit weight accounting for saturation degree),
whereas ygar is the weight of fully saturated soil (S = 1).

The unit weight of a dry soil v can computed based on the
specified values of apparent unit weight v and saturation degree
S and voids ratio eg from: v = vp+nS~,, where n = ey /(1+4e€p).
Moreover ygar Will be updated if ey or ng have been specified or
modified.

vp and ygar are also the inputs for some correlations which
estimate the compression index C..

Buoyant unit weight

B

The buoyant unit weight (or effective unit weight) of soil is ac-
tually the saturated unit weight of soil minus the unit weight of
water. It's value can be used to describe the effective soil weight
below the ground water table when running the single-phase anal-
ysis considered as an effective stress analysis.

Physical soil properties can be used for calculating:

€0

885
€0

=5,/Yw - wn/S for S >0
=7 —noSvTw
= no/(1 = no)

Z_Soil 120201 report (revised 1.07.2023)
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CHAPTER 2. MATERIAL DATA INPUT FOR SOILS

Window 2-7: Content of Soil specific properties for fine-grained soils}

Known Soil Properties | Unit Weights

¥ Allow updating General Soil Description

Parameter

Fines content Ip
Organics content oc
Plasticity index oI
Liquid limit wy
Plasticity limit wp
Consistency index I
Camnraccion in e el

Undrained shear strength

Normalized peak strength

Normalized residual shear strength

Symbol

Soil specific properties

Value Unit

Testing conditions
&) Triaxial compression

Plane strain

Triaxial extension

Z Soil

Unified Sail Classification System

Plasticity Chart
60 -

£
T
£
= @
=
=
Z
. S
19 F
= MH or OH
A
0 ‘ r " r T
D 0 20 40 60 80 100

Liquid Limit wL [%]

Fine-grained soils

Fines content

o

Content of particles smaller than 0.06 mm.
If f, > 50% then soil is classified as fine-grained (cohesive)
otherwise as coarse-grained.

Organics content

0oC

General classification in terms of organics content:

- inorganic soil OC < 3%

- organic silt or clay 3 < OC < 10%

- medium organic soils 10 < OC < 30% (not supported in
Virtual Lab v2023)

- highly organic soils OC > 30% (not supported in Virtual
Lab v2023)

Plasticity index

PI

PI = wy — wp is taken to estimate 7y, , and appears in
some correlations for ¢, m, K(')\'C and C..

Liquid limit

Introducing or modifying the value of w; updates Soil
plasticity:

e Low plasticity wy < 35%

e Medium plasticity 35 < wy, < 50%

e High plasticity 50 < wp < 70%

e Very high plasticity 70 < wz, < 90%

e Extremely high plasticity wy, > 90%

The specified value appears in some correlations for the
stiffness exponent m and the compression index C..

Plastic limit

Plastic limit is computed from:

wp = wyg, — PI

once both variables have been specified.

The value of wp can be used to correlate the small strain
threshold ~, » or the compression index C.

Consistency index

Consistency index helps to automatically update Soil con-
sistency.

Its value is computed from I. = (wy — w,)/Pl once wy,,
wy, and PI have been specified.

26
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2.1. BASIC MATERIAL PROPERTIES

Unconfined compressive strength | q, Introducing or modifying the value of ¢, updates Soil con-
sistency:

e very soft ¢, < 25 kPa

e soft 25 < ¢, < 50 kPa

e medium 50 < ¢, < 100 kPa

e stiff 100 < ¢, < 200 kPa

e very stiff 200 < ¢, < 400 kPa

e hard ¢, > 400 kPa

Compression index C. Compression index taken from primary loading branch in
the oedometric test; it appears in correlations for Ef

oed"
Normalized ~ undrained  shear | s,/al | su/0’ is used in correlations for E™f, ¢, OCR.
strength

Window 2-8: Content of Soil specific properties for coarse-grained soils}

Z Soll

Coarse-grained soils

Fines content fp | Content of particles smaller than 0.06 mm.

If 12% < f, < 50% then coarse-grained soil may be clas-
sified as silty or clayey:

- Silty if PI < 4% or Atterberg limits below "A” line in
the plasticity chart

- Clayey if PI > 7% or Atterberg limits above "A” line in
the plasticity chart

"A" line: PI =0.73(wg, — 20)

If f, > 50% then soil is classified as fine-grained (cohe-
sive).

Coefficient of uniformity Cy | Cy =deo/d1o is used to define soil gradation.

Typical values of C,, for uniform (poorly-graded) materials:
e Equal spheres 1.0

e Standard Ottawa sand 1.1

e Clean, uniform sand (fine or medium) 1.2 to 2.0

e Uniform, inorganic silt 1.2 to 2.0

e Poorly-graded sands < 6 (and/or Cj, < 1, Cy, > 3)

e Poorly-graded gravels < 4 (and/or Cy, < 1, Cj, > 3)

Typical values of C, for well-graded materials:
e Silty sand 5 to 10

e Silty sand and gravel 15 to 300

e Well-graded sands > 6 (and 1 < Cj, < 3)

e Well-graded gravels > 4 (and 1 < C}, < 3)

C, appears in a correlation estimating ranges of e for
coarse-grained materials.

Coefficient of curvature Ci | Cx = d3y/(d1odeo) is used to define soil gradation.

d1o - the maximum size of the smallest 10% of the sample
d3o - the maximum size of the smallest 30% of the sample
dgo - the maximum size of the smallest 60% of the sample

e ('), between 1.0 and 3.0 indicates a well-graded soil

e C;, < 1or C; > 3.0 indicates poorly-graded soil
Relative density D, | Introducing or changing the value of D, updates the rela-
tive density setup.

The specified value is used to estimate ¢, ¥ and eg.

Window 2-8

Z_Soil 120201 report (revised 1.07.2023) 27
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Window 2-9: Importing data from ASCII file }

Diata Preview

Z Soil
&l Import material data
This import wizard allows setting the delimiters the data contains, Chotat il ctont

Delirniters Farce KM s

Treak consecutive delimiters as one T T
Comma ¥| Semicolon Tab Length m H
Space ather: |_| Text qualifier [{I\.Inne}- H ] fngle deg | &
Time s H
First row is header Preview | 10 : [ bt
Temperature | C =

Murmbers From the selected row will be attributed to the variables which are specified in the columns, i T

Mat, label = "v = "dl = ” c = " Es (ref] H " S0 THC [pe % Hunused = " Unused =
1 gamma phi_f c E Susigvl
2 [kN/m3] [ded] [kPa] [kPa] 7]
3 Clay 18 30 10 25000
4 || Clayey sand 19 a2 14 35000 0.3 F0Mme hotes
5 Medium Sand | 20 36 0 120000

The values of soil characteristics can be prepared in advance for a number of geotechnical layers (rows) and
imported from any ASCII file (*.csv, *.txt). The header in the import wizard table makes it possible to assign
each column with the corresponding soil characteristic/parameter. Only the values in the selected layer/row

(checked row) will be imported.

Window 2-9
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2.2 IN SITU TEST DATA
2.2.1 CONE PENETRATION TEST

The piezocone penetration test (CPTU) is an in situ testing method which is used to determine geotechnical
engineering properties of soils and to assess site stratigraphy, relative density, strength characteristics and
equilibrium groundwater pressures. The testing device consists of an instrumented steel cone with an usual
apex angle of 60° and cross-section area of 1000 mm?, and additional pore water pressure transducer typically
located behind the cone (ug position). The sleeve behind the cone is used to measure the sleeve friction
resistance f,. For further details see Lunne et al. (1997).

‘ Window 2-10: Cone Penetration Test - data input and first-order estimates}

Z_Soil

cPT [ oMT | PMT | SPT | wave Velodty |

—Data Input r Graphical interpretation
Data input mode | Intermediate Parameters 3& MNormalized CPT Soil Behavior Type
=i {Robertson 1590, 2010)

Parameter Symbol Value Unit : 1000

Pore pressure behind the cone | 4, [kMm~2] A2

Mormalized cone resistance Qn 12 ] \1}

Mormalized friction ratio F, 1 \‘}

Pore pressure parameter B, E} @

Friction ratio Ry @ 100

——

rInterpretation setup

|
Undrained strength factor Ny 15 E} \‘}
Scaling coefficient K 033 E} .

Scaling coefficient o 0.1

=
o

—First-order

Soil Behavior Type : | Silt mixtures: dayey silt & silty day ] A 4 ‘
o

Normalized Cone Resistance Qn [-]

Unit weight b LkIN/ M 3] 1
0.1
Morm. undr. shear strength S, i} . . .
— Normalized Friction Ratio [%]
Failure friction angle By [deg]
Overconsolidation ratio OCR i
In situ earth Ko Ky [l 1-Sensitive fine-grained, 2-Organic soils, 3-Clay, 4-5ilt mixtures, 5-Sand mixtures, 6-5ands,
F-Gravelly sand to sand, 8-Very stiff sand to dayey sand, 9-very stiff fine-grained soil

Darcy's coeff, in vert. dir. F 1e-08 [m/s]

P— —

Selection of input parameters type:
e Direct parameters: ¢, fs, us

o Indirect parameters (normalized direct parameters): @, F, and B,

Input parameters which are used to determine soil type and estimate soil parameters

Interpretation setup - empirical coefficients or auxiliary parameters which appear in empirical correla-
tions or are used to transform the estimated stiffness moduli from the effective stress at the testing depth to
the user-defined reference stress

Soil type based on the Robertson (1990) interpretation chart

First-order estimates computed based on provided field test results and interpretation setup. Note that
the selection of the correlations which are applied for first-order parameter estimation is based on the soil
type estimated with the Robertson (1990) interpretation chart

Graphical representation of field data interpretation

| Window 2-10
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Cone Penetration Test (CPT/CPTU)

Corrected cone resistance qt The corrected cone tip resistance ¢; is calculated as:
@t = qc + (1 — a,)us where:
g. - measured cone resistance
an, - net area ratio of the cone (see Lunne et al., 1997)
q:, together with 0,0 and ug, is used to automatically com-
pute Q; if the latter is not directly specified.
q: is also used to determine the soil behavior type and unit
weight.
q: appears in correlations for Ey, Vs, Esg, ¢ in coarse-
grained soil, and Vy, FEoed, ¢, OCR, Kj in fine-grained
soils.

Pore pressure behind the | us This number is used to calculate B,.

cone
ug appears in correlations for OCR in fine-grained soils.

Friction sleeve resistance fs Unit sleeve friction resistance.
fs, together with ¢; and 0,0, is used to automatically com-
pute F,. if the latter is not directly specified.
fs is also used to determine the soil behavior type and unit
weight.
fs appears in correlations for V;

Total vertical stress 00 Estimated total vertical stress corresponding to the in situ
stress level at which the CPT measurements have been
taken.

0,0 appears in correlations estimating Foeq, OCR in fine-
grained soils and is used to compute the effective vertical
stress o, = 0y0 — Up

Hydrostatic pore pressure g Hydrostatic pore pressure at testing level. This number
is used to calculate B, and effective vertical stress from
0'2;() = O0y0 — Uo

Effective vertical stress o Calculated as o7,y = 04,0 — ug-

ol is needed to transform the estimated stiffness moduli to
the reference modulus E™f by accounting for the reference
stress oref and Ky (cf. Win.2-15).

Dimensionless unit weight | vopr | Proposed using the relationship proposed by Robertson and

/Yw Cabal (2010) based on ¢; and fs: v/yw = 0.271log Rf +
0.361og (¢:/pa) + 1.236, with p, = 100 kPa being atmo-
spheric pressure and Ry = f,/q;-100% is the friction ratio.
This number can be used to estimate apparent unit weight:
v =7vepr (Yw = unit weight of water).

Normalized cone resistance | Q; Qr = (¢t —0v0)/ 0%

Q) appears in correlations estimating ¢, K for for fine-
grained soils.

Normalized pore pressure | B, By = (uz — uo)/ (gt — o40)

parameter
B, appears in correlations estimating ¢ for for fine-grained
soils.

Normalized friction ratio E, F. = fs/(q — ow0)

Soil type behavior

Determined based on @ and F. numbers using the original
chart by Robertson (1990)
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2.2. IN SITU TEST DATA

2.2.2 MARCHETTI'S DILATOMETER TEST

The flat dilatometer, or DMT, is an in-situ device used to determine the soil in-situ lateral stress and soil
lateral stiffness, and to estimate some other engineering properties of subsurface soils (Marchetti et al., 2001).
A dilatometer test consists of pushing a flat blade located at the end of a series of rods. Once at the testing
depth, a circular steel membrane located on one side of the blade is expanded horizontally into the soil. The
pressure is recorded at specific moments during the test. The blade is then advanced to the next test depth.

Window 2-11: Marchetti’'s Dilatometer Test - data input and first-order estimates }—

Z Soil

cPT | OMT [ PMT | SPT | Wave Velodty |
—Data Input r Graphical interpretation —— m
e Syrmbol Value Unit N | Soil Type Behavior and estimated gamma/gamma_w
First DMT reading o 760. [kN/m 2] \é B.2 T T T T
- S cLAY | ST SAND
Second DMT reading P 904,553 [kN/m*2] @ | b L L
Material index In 0.2 E@ 90000 | SITY ’5' I 1 E SILTY 5 W
r I I 1 1
Dilatorneter modulus Ep 5000 [kN/m*2] @ = | e 1 i ?'
- . a o I I
Horizontal stress index Kp 3.60231 E Q K | e
o \ I 19
rInterpretation setup (used if parameters not determined) w ) !
|| |# 20000 2 T g
Auiliary friction angle & 30 \é ; 1|L
Augiliary cohesion o 0 [kM/m*2] @ . E 10000 ,!Irj 1
g |
2 5000 X p
E |
First-order ‘ k] 1
= I
. 5 2000
Soil Behavior Type : | Clay l B4 ‘ 3:_3
Unit weight ¥ 18| tkwrmesg looo LB
Morm. undr. shear strength Sl 0.45%031 i -
500 . . . . .
Overconsolidation ratio QOCR 250414 i} Info 0.1 0.2 0.5 1 2 5
In situ earth Ko i 0.900429 [1 Info Material Index 1D [-]
Vertical drained constrained ... | Mp 7267.65 [kN/m*2] | Info
Stiffness exponent el 0.8 I}
ot

Selection of input parameters type:
e Direct parameters: pg, p1

o Indirect parameters (normalized direct parameters): Ep, Ip
Input parameters which are used to determine soil type and estimate soil parameters.
Interpretation setup - empirical coefficients or auxiliary parameters which appear in empirical correla-

tions or are used to transform the estimated stiffness moduli from the effective stress at the testing depth to
the user-defined reference stress by applying stress stiffness dependency law.

Soil type based on the material index Ip (Marchetti, 1980).
First-order estimates computed based on provided field test results and interpretation setup. Note that

the selection of the correlations which are applied for first-order parameter estimation is based on the soil
type estimated with the material index Ip (Marchetti, 1980).

Graphical representation of field data interpretation.

| Window 2-11 |
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Marchetti’s Dilatometer Test (DMT)

First DMT reading Po Corrected pressure which is required to start moving the
membrane towards soil. The correction accounts for mem-
brane stiffness.

The value is used to calculate the dilatometer numbers Ip,
KD and ED-

Second DMT reading p1 Corrected pressure which is required to move the center of
the membrane 1.1 mm into soil.

The value is used to calculate the dilatometer numbers Ip

and Ep.
Hydrostatic pore pressure UuQ Hydrostatic pore pressure at the testing depth.
The value is used to calculate the dilatometer numbers Ip
and KD.
Effective in situ vertical | ol Estimated effective vertical stress corresponding to the in
stress situ stress level at which the DMT measurements have
been taken.

This number is needed to transform an estimated value
of stiffness modulus to the reference modulus E™f taking
into account the reference stress o, Ky and the power
law (cf. Win.2-15).

Material index ID ID = (pl — po)/(po — UO)
used for determination of soil type behavior (Marchetti,
1980):

e Ip < 0.6 - Clay

e 0.6<Ip<1.8-Silt

e 1.8 < Ip < 3.3 - Silty sand
e 33<Ip<8-Sand

Ip is used to provide estimations of soil behavior type and
unit weight.

Ip appears in correlations estimating Fyeq in normally-
consolidated soils.

Horizontal stress index Kp Kp = (po —uo)/ohyg

Kp appears in correlations estimating Eoeq in normally-
consolidated soils, ¢ for coarse-grained soil, and OCR, Kj
for fine-grained soil.

Dilatometer modulus Ep Ep =34.7(p1 — po)

Ep is used to provide estimations of unit weight.
Ep appears in correlations estimating E'; in normally-
consolidated soils, ¢ for coarse-grained soil.
Dimensionless unit weight | vpyr | Estimated based on provided Ip and Ep numbers using
/Yw the original chart for estimating soil type and unit weight
by Marchetti and Crapps (1981). This number can be used
to estimate apparent unit weight: v = vypar (Y = unit
weight of water).
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2.2. IN SITU TEST DATA

2.2.3 MENARD’S PRESSUREMETER TEST

The pressuremeter test is an in situ testing method used to achieve a quick measure of the in situ stress-strain
relationship of the soil (Mair and Wood, 1987). The principle is to introduce a cylindrical probe with a flexibl
cover which can expand radially in a borehole. A pressure is applied by the probe on the sidewalls of the
hole, and soil deformation is measured, through the acquisition of the hole volume increase.

Window 2-12: Menard’s pressuremeter test - data input and first-order estimates }—

Z Soll

ceT | oMr | PMT [ SPT | wave Velodty |

—Data interpreted from Menard Pressuremeter Test

Sail Behaviour Type : [Sand ]

Pressuremeter modulus : Epm [lDIZIDD ] [ [kh/m*2] ] \%
ey v oo | ] @
Limit pressure pL [1OI}| l [ [kh/m*2] ] \%

Rheological factor

(@ Automatic evaluation (e [D.S l [ 0 ] \%

() Manual spedification

—Interpretation setup

Approximated in situ Ko coef.. Ky 0.5 E} \@
Auxiliary friction angle @ 30 \‘-}

Auxiliary cehesion o 0 '\‘}
Auwiliare stiffness exnonent ar n.s n \Q
—First-order estimates
@
Sec. modulus at 0.1% E, 5000 [kN/m?”2]
Reference stress Tyef 100 [kMN/m*2]
Ref.sec.modulusat0.1% | fre/ 707107 [kN/m*2]
Ref. sec. rndulus at 50% of of | 270 35173 TeM/mn 21 nfo

Input parameters which are used to determine the stiffness modulus.
Interpretation setup - auxiliary parameters which are used to for transform the estimated stiffness mod-

ulus from the vertical effective stress at the testing depth to the user-defined reference stress by applying the
stress stiffness dependency law.

First-order estimates computed based on provided input data and interpretation setup.

| Window 2-12 |
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Menard’s Pressuremeter Test (PMT)

Pressuremeter modulus

Epm

Epm = 2(1 +v)Ap - V/AV with V denoting the initial
volume of the pressuremeter cell plus an additional volume
corresponding to the applied pressure p.

E,., appears in correlations estimating F.

Limit pressure

pL

For the Menard's pressuremeter test, the limit pressure is
defined as the pressure at which the change in probe vol-
ume equals the initial probe volume (AV/V =1).

The limit pressure is usually not obtained by direct mea-
surements during the test due to limitation in the probe
expansion or excessively high pressure. It can be estimated
by fitting the data points within the plastic deformation
range.

PL = 0ORo + Sy [1 +In (G/Su)]

Effective in situ vertical
stress

The estimated effective vertical stress corresponding to the
depth at which the pressuremeter tests has been carried
out. This number is needed to transform an estimated
value of stiffness moduli to the reference modulus E"f
taking into account the reference stress oy.f and K (cf.
Win.2-15).

Rheological coefficient

This number is used to evaluate "static” stiffness modulus
from: E; = Ep,p /.

If the automatic evaluation is selected, the coefficient «
will be evaluated based on the soil type and E,,,,/py, ratio:
Peat

e Normally Consolidated for all E,,,,/pr: =1

Clay

e Overconsolidated: E,,,/pr, > 16: a =1

e Normally-consolidated: E,,,/pr, =9+ 16: a =2/3
Silt

e Overconsolidated: E,,,/pr, > 14: a =2/3

e Normally-consolidated: E,,,/pr, =8+ 14: a =1/2
Sand

e Overconsolidated: E,,,/pr, > 12: a =1/2

e Normally-consolidated: E,,,/pr =7+ 12: a =1/3
Sand and Gravel

e Overconsolidated: Ey,,,/pr, > 10: a =1/3

e Normally-consolidated: E,,,,/pr, =6+ 10: a =1/4
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2.2. IN SITU TEST DATA

2.2.4 STANDARD PENETRATION TEST

The standard penetration test (SPT) is an in-situ dynamic penetration sounding which is
designed to provide information on the geotechnical engineering properties of soil. The test
uses a thick-walled sample tube, with an outside diameter of 50.8 mm and an inside diameter
of 35 mm, and a length of around 650 mm. This is driven into the ground at the bottom of
a borehole by blows from a slide hammer with a mass of 63.5 kg (140 Ib) falling through a
distance of 760 mm (30 in). The sample tube is driven 150 mm into the ground and then the
number of blows needed for the tube to penetrate each 150 mm (6 in) up to a depth of 450
mm (18 in) is recorded. The sum of the number of blows required for the second and third
6 in. of penetration is termed the "standard penetration resistance” or the "N-value”. The
blow count provides an indication of the relative density of the soil, approximation of shear
strength and stiffness properties, and it is used in many empirical geotechnical engineering
formulas.

Window 2-13: Standard Penetration Test - data input and first-order estimatesL
Z Soil

cet | omr | pMT | SPT [ wave velodty |

—Input data for Standard Penetrometer Test

Soil Behaviour Type : [Sand ]

Mumber of blows : Ny @
Moo dlasPT) (0 ][ )

Overburden correction factor: CN [D.?D?ltl? ] [ 0 ] @

Corrected number of blaws: Niso

—Interpretation setup

e8P || @
S

Approximated in situ Ko coef... Ky 0.5 E]
Auxiliary friction angle o 30
Auziliary cohesion (_- 0
Auxiliary stiffness exponent 7 0.5 [I]

—First-order estimates \D_‘ .
Consistency (for cohesive soil): [\"ery stiff ] \3
Relative density (for coarse-grained soil) : [Medium ] @

Failure friction angle or 37.4106 [deg] Info

m Input parameters which are used to determine relative density or consistency of soil,
and to estimate soil parameters.

Interpretation setup - empirical coefficients or auxiliary parameters which appear in em-
pirical correlations or are used to transform the estimated stiffness moduli from the effective
stress at the testing depth to the user-defined reference stress.

m First-order estimates computed based on provided field test results and interpretation
setup.
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| Window 2-13 |

Standard Penetration Test (SPT)

Number of blows

Nso

Number of blows to drive the sampler the last two 150mm distances (300mm
in total) to obtain the N number.

Ngo corresponds to the energy ratio E,. = 60. Since the energy x blow
count should be a constant for any soil, the following equation can be applied
E,1 x Ny = Eo X No (Bowles, 1997). For example, N55 = Ngo x 60/55.
Introducing or modifying Ngo prompts the user to update Relative density
group for coarse-grained soil or Soil consistency for fine-grained soil.

e Relative soil density based on Ngq:

0 — 4 Very loose; 5 — 10 Loose ; 11 — 30 Medium; 31 — 50 Dense; > 50 Very
dense

e Soil consistency based on Ngg:

0 — 2 Very soft; 3 — 4 Soft; 4 — 8 Medium; 9 — 15 Stiff; 16 — 30 Very Stiff;
> 30 Hard

N number appears in correlations for coarse-grained soils to estimate E,,, ¢,
Vs.

Effective vertical
Stress

/
)

The estimated effective vertical stress corresponding to the in situ stress
level at which the number Ngy has been measured. This number is needed
to calculate stress overburden coefficient Cy and to transform the estimated
stiffness moduli to the reference modulus E™f by accounting for the reference
stress oyef and Ko (cf. Win.2-15).

Overburden cor-
rection factor

Cn

Overburden correction factgr is calculated according to Liao and Whitman
(1986) as Oy = (pa/0’0)"" (Cx = 1.7 if Cy > 1.7) with p, - atmospheric
pressure = 100 kPa once o7, is provided for SPT.

Corrected Ngg

Neo,1

Corrected SPT N value for overburden stress with respect to 100 kPa
Neo,1 = Neo x C
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IN SITU TEST DATA

2.2.5 SHEAR WAVE VELOCITY

Characterization of the small-strain shear modulus and the shear wave velocity of soils and rocks is an integral
component of various static and dynamic analyzes of soil-structure interaction. The shear wave velocity can
be measured by a variety of testing methods:

e seismic piezocone testing (SCPTU) (Campanella et al., 1986)

o seismic flat dilatometer test (SDMT) (Marchetti et al., 2008)

e cross hole, down hole seismic tests

e geophysical tests (Long, 1998):

*

*

*

continuous surface waves (CSW)

spectral analysis of surface waves (SASW)

multi-channel analysis of surface waves (MASW)

frequency wave number (f-k) spectrum method

Window 2-14: Shear Wave Velocity - data input and first-order estimates}

et | oMt | pMr | SPT | Wave Velodty |

—Shear wave velodty data

Shear wave velodty : V;

Effective vertical stress

[ZIJD

I

e |\

o(SWV) [ 100

[ meumea | Ny

[E1]

at probing depth :
Soil unit weight : ¥ [zﬂ ] [ [khfm*3] l \%
Soil density : P [ 203874 ] [ [gfcm~3] l
—Interpretation setup
E.2
Approximated in situ Ko coef... iy 0.3 i} D
Auxiliary friction angle & 30 '\"}
Auziliary cohesion c 0 [kN/m*2] '\1‘}
Auxiliary stiffness exponent el 0.5 E} '\"}
Unloading-reloading Poisso... yere 0.2 E} ‘\&
—First-order estimates @
Density Il 2.03874 | [kM/m"4%s"2]
Maximal shear modulus CU' 815494  [kN/m"2]
Initial stiff. modulus Ey 195719 [kN/m~2]
Reference stress Tyef 100 [kN/m"2]
Ref. initial stiff. modulus B 276788 [kN/m*2]

Input parameters which are used to determine maximal shear modulus.

Interpretation setup - auxiliary parameters which are used to transform the estimated stiffness modulus
from the vertical effective stress at the testing depth to the user-defined reference stress.

First-order estimates computed based on provided input data and interpretation setup.
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{ Window 2-14 ‘

Shear wave velocity
Shear wave velocity Vs If specified, the value is taken into account in Automatic
Parameter Selection for estimation of Ey = 2Go(1 + vyy)

by applying Go = pV2.

Unit weight 5y Unit weight of soil with natural moisture content
Effective in situ vertical | ol Estimated effective vertical stress corresponding to the in
stress situ stress level at which measurements of V, have been

taken. 0! and auxiliary parameters are used to transform
the computed FEj value to the user-defined reference stress
ovef according to the principle illustrated below Win.2-15).

38 Z_Soil 120201 report (revised 1.07.2023)



2.2. IN SITU TEST DATA

2.2.6 STIFFNESS MODULI TRANSFORMATION

‘ Window 2-15: Principle of transformation for stiffness moduli}

Z Soil

Stiffness moduli derived from in situ test data for a given charaterization depth are adjusted with respect to
the depth that corresponds to o using stiffness stress dependency law, as illustrated below:

Characterization
depth stress @ V0

corresponding to
Oref

Transformation of stiffness moduli to the reference ones (i.e. those corresponding to the user-defined reference
stress) is carried out by applying the following the power law for the standard Hardening-Soil model:
E
. = (1)
( o3sin ¢ + ccos ¢ >

orefsin g + ccos ¢

Eref —

where:

- £t is the target modulus corresponding to the user-defined reference stress o'
- E: the modulus identified for a given minor stress state o3

- m: stiffness exponent (typically between 0.5 and 1.0)

- 03 = min(o’, 0% - Ko)

f

Transformation to other available formulations of the power law, i.e.:

m * Mp
E =B ( o3 ) or EP = Erefp ( P ) (2)

o ref O—ref

is done automatically during automatic parameter selection or parameter identification.

The migration between different power laws can be carried out manually using the dedicated module described
in Sec. 6.2.

| Window 2-15
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Chapter 3

MATERIAL FORMULATION
SELECTION

An assistance in model preselection allows less experienced users to choose a suitable material
formulation to describe the material behavior. By activating the model preselection assistance,
the combobox will contain constitutive models which are considered to be adequate for the
selected material behavior type and basic features. In the case of soils, the preconsolidation
is the main criterion of model selection. For example, modeling of normally-consolidated and
lightly over-consolidated deposits requires applying a model which accounts for volumetric
plastic straining before reaching the ultimate state. In this case, only the models with the
cap mechanism are suggested.

The suggested material formulation are arranged in the combobox list in order of adequacy.

| Window 3-1: Material formulation |

Z Soil

Material Formulation

Assistance in model preselection Model Help
Available constitutive models: HS-small strain stiffness S

A.1| Enable/disable the model preselection assistance

The combobox contains a list of available (or recommended, if assistance in preselection
is enabled) constitutive models.

| Window 3-1 |
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Chapter 4

PARAMETER DETERMINATION

Parameter determination refers to an effective assessment of design soil properties which
allow us to reproduce soil behavior by means of a numerical analysis assuming that an ade-
quate constitutive model has been chosen.

The Virtual Lab offers the possibility of parameter determination including first-guess for
model parameters for any incomplete or complete material data, as well as an automated
parameter identification from laboratory curves.

Three general approaches can be applied to determine material model parameters:

e Automatic parameter selection
e Interactive parameter selection

e Parameter identification

The automatic parameter selection consists of applying a fully-automated algorithm to
estimate model parameters based on a user-provided general soil description. In this case, pa-
rameter estimation refers to the evaluation of model parameters from reported typical ranges
for parameter values which are extracted from an expert database. The module allows the
user to have an insight into the correlations which have been used during automatic knowl-
edge extraction.

The interactive parameter selection offers the possibility of a manual knowledge ex-
traction. The user can manually browse the correlations database looking for best-working
correlations for the analyzed " material sample”. These correlations relate geotechnical char-
acteristics or measurements with constitutive model parameters. The correlations database
contains the following general groups of empirical correlations:

e those based on confidence limits for model parameters being the function of macroscopic
soil features (general soil description),

e those obtained through statistical regression analyzes, which relates known numeric data
(geotechnical properties or field test results) with constitutive model parameters,

e mixed approaches based on macroscopic soil description and numeric data.



CHAPTER 4. PARAMETER DETERMINATION

Parameter identification refers to deterministic algorithms which are developed for given
constitutive model and test geometry. These analytical solutions offer the direct identification
of model parameters based on measured data from:

e triaxial cell test

e oedometer test
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4.1 AUTOMATIC PARAMETER SELECTION

The Automatic Parameter Selection offers a fully-automated estimation of model parameters
based on provided general soil description and numeric data.

Note that the automatic parameter selection relies on statistical data and empirical
correlations. It is user’s responsibility to verify the suitability of parameters for a
given purpose, in particular by verifying reproducibility of available experimental
results and by adjustment of parameters.

Window 4-1: Performing automatic parameter selection!

Z Soll
Parameter Determination
Determination methods: _ _
%‘x Automatic Parameter Selection
Automatic selection
Material input data dentified model parameters
A3
e — Soil Behavior Type : Sand Run automatic Parameter Symbol  Unit Average Min.
Identification - - Ik . selection #- Unit weights
Stress History : Lightly consolidated g
41 Elastic
Saturation State : Dry e 4 Nonlinear
Density + Medium +- Initial Ko St...
; Disclaimer #- Flow
Gradation : Well-graded ™
. Auvtomatc  parameter
Particles Shape : Subangular ol
statistical datz and empirical
«comelations.
User-predefined values (fixed during any selection method) A It is user's responsibilty to
. verfy the sutabity of
Parameter Symbol Unit Value 4| | puameters for 2 given
puposs, in partiovlar by
-1 Reported ch... verifying reproducibility of
avai exparimental
Friction... ¢ [deg] 32 resuks and by adjustement
of parameters,
Cohesion ¢ [kN/m”~2]  N/A
= = % =
Overco.. OCr [l N/A LY
verifying _reproducibility
Unit wei., [kN/m~3]  N/A — -
5 Automatic Parameter Selection ... ? X
Initialv... g 0 N/A
Unit wei... yp [kkN/m~3] /A
. Computing ... A . 4
Unit wei... ~g,7 [kN/m”3]  N/A .
b Correlation database : 16.00 (10.02.2016)
Buoyant.. ~p [kN/m”3]  N/A Total number of correlations : 284
= Physical pro... Number of applicable correlations : 107
Unit wei... g [kN/m~3]  N/A T
Moistur... qp,, (%] N/A —
Degree.. § i N/A
Initial p... 1y 0 N/A
=1 Material spe...
Finesco.. f, (%] N/A =
P A ro nira v ¥| When dosing assign identified parameters to the user-selected ones

In order to run automatic

parameter selection:

Specify a general soil description and given numeric data
Open the automatic parameter selection dialog

Verify the general soil description and known numeric data . Note that the

user-predefined parameters will be highlighted in blue. They will be fixed and unchanged
during the automatic parameter selection. The fixed parameter values will also be used
by correlations for the inter-correlated parameters (parameters that are identified based on

the fixed parameters).

Run the automatic selection with [A.3|. The window will inform the user about the

progress of automatic selection, as well as, about the number of applicable correlations.
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| Window 4-1

Window 4-2: Viewing the results of automatic parameter selection!

Z Soil

&l Automatic Parameter Selection ? =
Material input data Identified model parameters ———
Soil Behavior Type : Sand Parameter Symbol | Unit Average Min. Max. [+]
Stress History : Lightly consolidated selection Bl Unit weights
Saturation State : Dry View applied - Unitwei., -y [kh/m*3]  19.24 17.74 20.64
. . . |ati
Density : Medium :m"ea = ~Unitwei.. g Ddu/mA3] WA N/A N/A
Gradat : Well-graded Dechier
racation erar - ~nitialve. g [ 0.5125 0373 06875
Particles Shape : Subangular sahc?;?m: hf;;“’ﬁ
stztisical datz and empirical - Unitwei., ~p [khN/m#3]  17.55 15.7 19.27
comeltions, . )
User-predefined values (fixed during any selection methos It is user's responsibility to t
defined values (fixed d | thod) E}-Elastic
verify the suitshi of
= i Ref. You... gl N/ 2] 1.2e+05 Be+04 1.6e+05
Parameter Symbol | Unit Value = x;:’i‘ﬂsm f"-‘;:n:l § ot & [ihifm 2] e o i
El- Reported ch... v;,.lrw: .Em;.ﬁmﬂg - Poisson'.. i} 0.275 N/A N/A
Friction ... ¢ [deg] 32 ?hs and by sdjusement | | - Nonlinear
¢ perameters, - .
- Cohesion ¢ [kM/m=*2]  N/A Failuref.. gy [deg] 32 0 ¥
- Overcon. OCR [ N/A - Dilatanc.. gy [deg] 5.25 4875 5.625
- Unit wei... [kN/m*3]  N/A Failurec.. ey [kN/m~2] 0 N/A N/A
Initial v...  gq fl M/A - Cut-off I [kh/m22]  N/A N/A N/A
wUnitwein, oy kN/mA3T N/A Slopeof.. ) i 0.04343 N/A N/A
Unitwei.. ggup  [kN/m*3]  N/A Init. pre... T’:Jm [kN/m~2]  N/A N/A N/A
Buoyant.. yp  [kN/m*3] WA Capsha.. R I 1464 1321 230 L
El- Physical pro... —
Y P i - Overcon, QCRE0O 1.606 1373 230
- Unit wei.. g [kM/m*3]  N/A
. Sizeadj.. i} N/A N/A N/A
wMeistur... -y, [l e B Initial Ko St
- Degree.. § 0 N/& o Coeff K. Ko, [ 0.5618 N/A N/A
Initial p... 1 0 N/A v Coeff K Koy (] 0.5618 N/A N/A
El Material spe.., B Flow [~
- Fines co... fo [2] /A & [T
P far nira [~] A i 7 | When dosing assign identified parameters to the user-selected ones

e The results of performed automatic selection are summarized in

e The correlations which have been applied during automatic selection can be inspected by
clicking on

° simplifies attributing parameter estimations to model parameters (final user’s selection
in the main dialog of the Virtual Lab ) after clicking " Accept” to close the dialog window. If
disabled, the parameter estimations will appear in the column "Automatic’; such a strategy
makes it possible to manually pick the values for individual model parameters for the final
"User's selection”.

| Window 4-2 |
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‘ Window 4-3: Correlations applied during parameter selection}

Z Soil
& Automatic Parameter Selection - Applied Correlations ? X
creions | A8 | y——
Parameter filter [? Unit weight S ] A . ].0 Correlation label: | HSREP14-5
Correlation filter [ 51\ Recommended only S l B
. Pi et Val Unit .
Correlations database Show checked only arameter name e i
Degree of satur... | § 50 (%]
Type Minimal | Average | Maximal | 5.D.
[ HSREPT . ig | analytical 177407 . 19.2448 20,6353 M/A Unitweight of .. | - 10 lk/m*3]
Unit weight of ... | p 17.5506|  [kN/m*3]
Data Qutput
Min. [kiN/m~3] Average [kN/m~3] | lax. value [kN/m~3  5.0D. [dN/m~3] co
17.7407 16.2448 20.6364 N/A MN/A
Statistics 17.740... 19.244... 20.636.. N/A A . 1 3

Correlation Info

A 14 Reference:
o Obrzud RF and Truty A (2014). The Hardening Soil Model - A Practical Guidebuun.
(100701)ZACE Ltd. Lausanne, Switzerland.

Material label: No name

205} 4 Type:
analytical

200} 4 Applicability:
General - all types of porous materials

19.5 4 Description:
Analytical formula relating the apparent unit weight with the weight of dry soil:

gamma

y=vp+n-S-yw

where n is calculated from:

n=e/(1+e)

SReng, |

e The correlation browser makes possible to inspect correlations that have been applied
during the automatic parameter selection. The left part of the dialog represents the

assembly of correlations which is filtered by the analyzed parameter . Moreover, the
list of correlations shows the applied correlations, i.e. those set as default. Notice

that in the automatic selection mode, the correlation filter is locked on i Default
only. The remaining correlations which would also be applicable for a considered general
soil description setup, can be browsed in the interactive selection mode.

e The statistics for parameter estimation are given in |A.13] The average and the standard
deviation are computed based on the average values obtained with different correlations.

e The results are graphically represented in .
e Algorithms for individual correlations can be viewed in the right part of the dialog window

once one of the correlations has been selected in list.

e The current correlation view contains:
- data input in the form of digits or material features; note that in the automatic
selection mode, the data input is disabled and the numeric data can be modified in the
material data,
- results being the function of data input,
- correlation information including a reference, correlation applicability, its descrip-
tion and working algorithm.

! Window 4-3
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4.2

INTERACTIVE PARAMETER SELECTION

The Interactive Parameter Selection offers the user with a manual knowledge extraction. The
user can browse the database of correlations looking for the best-working correlations for the
analyzed "soil sample”. It is also possible to test correlations by modifying input data.

Window 4-4: Performing interactive parameter selection!

Parameter Determination

Determination methods:

Automatic selection via literature databz %"L Interactive Parameter Selection X
via correlations incu - = o -
B0 Interactve selecton | et data Would you like to use the Identification Wizard?
Identification via laboratory test ¢ - i X .
[C.0 Identification Wizard may guide you through

the recommended identification sequence
which accounts for dependencies between

parameters.
Q) Yes | @ No x Cancel
B.1 B.2

In order to perform an interactive parameter selection:

2. Open the interactive parameter selection dialog

Z Soil

Specify general soil description and known numeric data in Basic Material Properties dialog

Before opening the correlation browser, the user will be prompted to choose between:

. guided parameter selection with the aid of the identification wizard; in this mode the
algorithm follows the parameter identification sequence which accounts for dependencies
between parameters (some parameters require prior identification of other parameters).

° unconstrained exploring of correlation browser; in this mode the parameter filter is
enabled . The user can freely select the parameter to be determined.

Note that in the interactive selection mode, the correlations can be filtered according to the
following criteria : All applicable, Default (those set as default ones) and Favorite (those

preferred by the user and saved in the global configuration file).

FCorreIaﬁon browser

Parameter fitter |y dry  Unit weight o % | | Model Parameters | Estimation wizard | << Previous H Mext ==
@ Correlation filter | All applicable S

Correlations database Show checked only

Type Minimal Average | Maximal 5.0,

DASDS-2 ¢ & expertknowle.. 16.5625  18.2758.. 20.3846.. N/A
HOUGH... & 3Jil expertknowle.. 13.8020.. 16.2079.. 19.6296.. M/A

! Window 4-4
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‘ Window 4-5: Interactive parameter selection without estimation wizard

Z Soll
rCorrelation browser — ~Current correlation
Parameter filter [K,, (in situ) In situ earth Ko - ] [Mndel Paramehers] ‘ B . 8 ‘ Correlation label: | LACAS88-1 ]
Correlation fier | Allapplcable ] BhEa a2
il
Correlations database Show checked only Soil plasticity Medium plasticity
Type Minimal Average | Maximal 5.0, .
LY MEYER7. §§  empirical N/A 0.57008... N/A N7A
S mavne.. i &) empirical NfA N/A N/A NrA
| LACASE.. Y  DMT empirical N/A 0.54599... N/A N/A
MARCH... ﬁ? DMT empirical  N/A N/A N/A N/A
L] KULHAS.. Y CPTempirical N/A h/A h/A N/A — - =
Horizontal stres... | K'py 24 0
Statistics N/A 0.5577... N/A NfA
User's Selection N/A 0.5577... N/A N/A
= Datz Output
B 11 win. ] Average [| Max. value [] 5.0.1 c
In situ earth Ko .
- v - v - N/A 0.545492 N/A N/A N/A
06| A
@
@ Correlation Info
051 1 Reference: |
Lacasse S and Lunne T (1988). Calibration of dilatometer correlations. 1st In.. syrp. un
Penetration Testing, ISOPT1. Florida. 1:539-548
0.4}
Type:
u DMT empirical
|
0.2
g Applicability:
Fine-grained, low to high plasticity soils
0.21 ] Description:
An empirical approach based on the horizontal stress index Ko derived from dilatometer
tests in clays:
01p
Ky=0.34- K
0.0 with the empirical exponent taken as: |
m = 0.44 for highly plastic clays
m = 0.54 for medium plasticity clays =
S N S (b

"‘ﬂ‘frg_q 76,

qu-‘:‘aa 2 3
MC4S&€.1 L
"‘MR’CHBO . b
"Q!{H‘,go LF

Cancel Close

4. During, the unconstrained interactive parameter selection the parameter filter remains

unlocked.

5. Model parameters which are predefined in material data input can be controlled by pressing

the button

6. Suitable correlations can be selected in the correlations assembly by setting check-

boxes active.

7. Resulting average value and confidence limits can be quickly copied to the "User’s

selection” using Copy from Statistics button.

8. The results are graphically represented in |B.11]
9. The parameter values which from " User’s selection” will appear in the column Interactive

(in the main window of the Virtual Lab ) once the correlation browser has been closed.

The current correlation view contains:

e data input in the form of digits or material feature | B.12 | parameters which are not
pre-defined in advance can be introduced in input cells , whereas the pre-defined ones
remain locked and the input cells are gray

e results being function of data input

e correlation information including the reference, correlation applicability, its descrip-
tion and the working algorithm

! Window 4-5 ‘
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4.3 PARAMETER IDENTIFICATION

Parameter ldentification refers to deterministic algorithms which are developed for a given
constitutive model and test boundary conditions. These analytical and numerical solutions
allow model parameters to be identified directly from experimental test data. The methods
and algorithms which are included in Parameter Identification module, are presented in the
separated report on the Hardening-Soil model (Obrzud and Truty, 2018).

Parameter Identification module in ZSoil v2023 allows to interpret the following standard
laboratory tests:

e triaxial drained compression (TX-CD)
e triaxial undrained compression (TX-CU)

e oedometric curves (OED)

With regard to the triaxial test, experimental curves can be imported as raw data (noisy
and unfiltered) or smooth curves (treated data). Before the parameter identification, the
identification algorithm automatically detects whether imported data are high resolution or
not. The criterion of high resolution data is: for all the intervals of ¢ = 1.0%, the mean
increment of measurement, Ac is smaller than 0.1%.

Once high-resolution data have been detected, Savitzky-Golay smoothing filter applies (Sav-
itzky and Golay, 1964).

Window 4-6: Filtering for high-resolution and noisy experimental data }7

Z Soil
—e— Row experimental data

700 + —— Filtered experimental data
T 600
X
o
b
o
5
M 500 -
=
=
2
(]
=
[
(=]

400 -

300

T T T T T T T T
0.003 0.004 0005 0006 0007 0008 0009 0.010
Axial strain £1 [-]
Application of smoothing algorithm to high-resolution and noisy triaxial test data.
| Window 4-6 |
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TXCD-100kPa TX-CD Specimen and test data B.2 OED_1
i TXCD-150kPa TX-CD - 0.00 ———
OED 1 OED-IL Parameter Symbo  Walue Unit

[B5 | | B6 |

4.3. PARAMETER IDENTIFICATION

Window 4-7: Input of experimental datal

Z_Soil

%) Identification from Labola_ ‘ ‘ ‘ M

‘ Test DataInput | Data Interpretation |

Assembly of tests Specimen data Sraphical interpretation
= [ A | Test label OEDL . Content preview: [, -z, E

‘ Lab. Tests A Testtype Test type OEDIL Detailed Specimen Record

Iritial void ratio €5 0.5 o ]
Insitvert. off. stress To0 100 0.01
| Auiliry parameters
Failurs fiction angle ¢ 30 .
! m Failus oohesion Cy 0 M
Remove Test Stfness exponent g |05 [ o ] c
Insitueathka K |05 [ o ] o
Load Test Ko coeff forNC sail K, |05 [ o ] = =
Saucliest Experimental measurements - E 0.04
o [kK/m*2l sl & =0 & el <] s
1 o i il 08 0.05
2 125 00022 0002 D492
3 25 00415 00045 0.493775
4 S0 0003 OOOEI  0.490535 m ]
& 100 000914 000314 0.48623
5 150 00117 0017 048245 10" 10° 10 10° 10°
7 200 0077 00177 047345 . Effective Vertical Stress &’ [kN/m~2]
8 150 [tilks oo? 0.4745
E 100 006 0018 0.478
10 50 00746 00146 04781 B
Verification status: Data passed

Add new test in assembly of tests tree (TX-CD - triaxial drained compression, TX-UD - triaxial
undrained compression, OED-IL - oedometric test with incremental load)

Manage and browse different laboratory tests; selection of a given test updates the view in
|B.1],|B.2]and |B.3].

Context menu (right-button click) which makes it possible to 1) add new, empty test nodes,
2) remove existing test nodes, 3) import experimental measurements for selected test, 4) load previ-

ously saved test node, and finally, 5) save the selected test node to XML-formatted [test-name].pit
file.

Modify test label

Define the detailed record of tested specimen

The table contains initial state variables which are evaluated for a given specimen, as well as
auxiliary constants which may be used by the identification algorithm or during numerical optimiza-
tion

Insert manually experimental data; copy-paste from a spread sheet is supported

Verify specified or imported data in terms of its completeness vis-a-vis the identification of
some parameters

Import experimental data from an ASCII file

Contains a number of predefined data previews
Modifying axes limits (use right-click button context menu to invert axes)

Preview experimental data
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Export current chart

Configuring parameter identification algorithms.

! Window 4-7
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Window 4-8: Import wizard for experimental data 1

Z Soll

Sign convention: The sign convention is the standard convention of soil mechanics, i.e. compres-
sion is assigned as positive.

& v e -

This import wizard allows setting the delimiters the data contains.
Delimiters

Treat consecutive delimiters as one
Comma ¥ Semicolon Tab

I The data preview alows to specfy the columns which correspond to expected variables.

+'| First row is header Preview rows

Data Preview el
I| oy’ [kMN/m* 2] .
A2 & 0 2 | o pumry 2| <]
1 o 100 Unused
2 | 0.00000 100.0738297 4.01867E-07
3 | 0.000002 1001232672 FA1383E07
4 | 0.000003 100.1831708 1.17082E-06 |
5 | 0.000004 100.243054 1.57003E-06
& | 0.000005 10030288329 1.96303E-06
7 | 0.000008 100368721 23E73E-06 ||
8 |0.000007 100.4285043 2.7BE3BE-0E |

Hide/show the header row in ASCII file; note that any row containing string characters will
be eliminated
Attribute data from an ASCII file to the corresponding experimental measurement

| Window 4-8 |
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Window 4-9: Specimen record dialog window!

Z Soil

% specinen tecord | <l

- General info
Study name [ ]
Principal [ ] I
Address [ ] I
- Spedmen info
Specimen label [ ] GPS Coordinates
soltype | ] e T L A A
Notes tonginde (€& ][ | 1[I

Sampiing
- Sampling data
Depth [ [ |

- Sampling company

Company name [ ]

Address [ ]

Person in charge [

o [ o |

The specimen record dialog makes it possible to store the information related to the specimen
such as project name, characterization site and other details

Testing
- Specimen data
Height [ [ m | Diameter [ [[ m |
Unit weight of solid | 2%.5 || leym~3] | Unitweight of drysail | 16,6667 | | lvm=3] |
Unit weight [ 20 || kym=~3] | Initial void ratio [ N
Moisture content | 02| o | Degreeof saturation | 0:8s830s|[ 0 |
- Reception and Testing Testing company

Reception date | dd.mm.yyyy Company name [ l

i f e ,

Moreover, it makes it possible to input the data related to the tested specimen

| Window 4-9 |
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Window 4-10: Data interpretation}

Z Soil

&) |dentification from Laboratory Tests ? *

Test Data Input | Data Interpretation | ‘:| -
M Assembly of tests Data interpretation Cl C2

aphical interpretation
T*-CD s Preview for retrieved variables Allidentified variables B . 1 - ra
Content preview: [p -q = ] Axis Manager l
A 2 Lab. Tests Test ty, Tests interpretation for model: _
N | TCD-HS-std-100 TX-CD Parameter iymbo  Unit  Average std-100kF S-std*|
i |of| THCD-HS-std-200..  TX-CD Shresses L shrains
E [¥] THCD-HS-std-150 TX-CD q
Confining pressure g, kN2 100 = TXCDH5-std T00kPa E50_Eur
Deviatoric stress at failure qr [kM/mi™2] 200.001 400 +—s TXCD-HS-s5td-150kPa_ES0_Eur
Mean eff. stress at failre [kN/mi"2] 166,667 ** TXCD-HS-std-200kPa_ESO_Eur
Shear stain for qrilre BV oo 350
Peak deviatoric stress peat: [kN/m"2] 2000001 o
. £ 300
Mean eff. stiess at peak Ppeat: | [kN/m"2] 1BE.EET ’_E‘
=
Shear strain for g-peak 1, peak 0 0.038 2 250
Residual deviatoric stress Gres | KNT"2) 200,001 i
. / . m 2
Mean eff. shiess at residual Pres | [kN/m™2] 1B6.EET # 200
Shear strain for ges E1,ren 0 0.038 E
]
Deformation % 150
Young madulus E [kM/mi™2] 47280 g
Unireload. stif, modulus B, N2 299994 100 |~ M raire
Sec. modulus for 0.5qf Fay kN2 30002.4 peak
- 50 residual
Sec. modulus 13t measurement E{ [kN/m™2] 74000 failure
Sec. modulus at 01% E [kN/m™2] 47250 M (CSL)
Paissants rsti b 0| 0336639 0342545 ’—‘ 150 200 250 300 350
Paizson's ratio comesp. to Ei U i 0.300189  0.299086 C . 5 Fective Mean Stress [kN/m~2] ]J’
Puaigson's ratio comesp. to Es g n 0.336833| 0.342545
Urr/reloading Poisson's 1atia Uy 0 0.200002 | 0.200007 [+] Grid [¥| Legend |¥| Interpretation
A3 i i

Filter tests by the test type; the following interpreting algorithms are available:

e TX-CD: only triaxial drained compression tests
e TX-CU: only triaxial undrained compression tests
e TX-C: both triaxial drained and undrained compression tests

e OED: only oedometric tests

>
()

Selection of tests to be interpreted
.3| Run interpretation of the tests that have been selected in ; the results obtained by means
of the automatic parameter identification are summarized in

>

=0

Modify the post-interpretation preview content. The following predefined groups of variables
are available:

e model parameters: characteristics of currently chosen model only
e test variables + model parameters:

e all identified variables: includes test variables and typical geomechanical parameters which can
be identified from a given laboratory test

NB. Note that the experimental curves are interpreted with the reference to all available information

that experimental data may give. During an interpretation run, the algorithm identifies all possible
parameters to be identified. i.e. those specific to the selected model, and other available constitutive
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laws, as well as other interpretable variables. Hence, any change of the constitutive model does not
require and additional interpretation run for the previously analyzed experimental data.

Contains results of a parameter identification run. Note that minimal and maximal values of
parameters, as well as the standard deviation can be viewed in the tooltip by holding the mouse
cursor over the average parameter value as shown below

Tests interpretation for model:

Symbol Unit Average  L-TXC
Deformation —
Ref. sec. modulus at 50% of of | £ [kM/m"2] 25334 1000 |
Stiffness exponent 11 I 0.495522
Reference stress e f [kM/m™2] 100
Un-/reloading Poisson's ratio v, 1 0.z :Tl‘ 800
Ref. un-/reload. modulus Eref [khm"2] q 5
Strength et
Failure cohesion o [kN/m™2] 19.918 iﬂtl'n 3 %33;:’;5 {tmm:i -
Failure ratic .Hr [ 091283 max = 8.032e+04 [kN/m*2] rf
Failure friction angle l:’ill.- [deq] 30 4-'2 TI
[C.1] Contains a number of predefined data previews
C.2] Modify axes limits (use right-click button context menu to invert axes)
j Preview of the experimental data for the tests selected in
C.4 | Export/save the current chart view
Show/hide the legend in ; the legend box is draggable
Configuring parameter identification algorithms.
| Window 4-10
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Window 4-11: Configure the parameter identification algorithm}

Z_Soil

General TH-CD TX-CU CED-IL
Stress stiffness dependency

Reference stress

Stiffness exponent identification

Use identified values of:

Es - "static” modulus at eps=0. 1%

+'| E50 - secant modulus at 0.5 of gf A2
Eur - unloading-reloading modulus
‘foung modulus identification for linear elastic - plastic models
A3
Secant modulus at £ | 0,001 a

All identified stiffness characteristics will be scaled to the defined reference stress o™f using
different power laws which describe the stress dependent stiffness:

e [(03sing +ccosp \"™ e (PP
E=£E" (Urefsin¢+cc0s¢ or EP=ETY oref (1)

where o3 is the minor stress and the corresponding power exponent m, whereas p* is the mean
stress (=(01+02+03)/3) and the corresponding power exponent m,,. Note that the identification
of stiffness exponents is first carried out for the o3-power law, then stiffness characteristics are
automatically transformed to the p-power law (cf. Sec. 6.2).

Stiffness exponent m can be interpreted from the triaxial test curves based on different iden-
tified moduli (Es, Eso, and/or E,). Sometimes the m number identified based on one type of
modulus may not be representative due to heterogeneity of tested specimens. Moreover, some-
times m may increase due to increasing amplitude of deformation (smaller values for elasticity
and large for plasticity). The user may select more than one deformation modulus type based on
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which the stiffness exponent will be identified. Then the mean value will be assigned (see Win.4-12).

The Young’'s modulus defines the linear elastic domain in the models such as Mohr-Coulomb
or Cap. Typically Young's modulus (also called the 'static’ modulus) is identified through the triaxial
test results for the axial strain equal to 0.1%. The user can modify the default value.

! Window 4-11 ‘

Window 4-12: Identification of stiffness exponent m from E;, E5y, and/or E,, moduli P

Z_Soil
o A
()]
wn
o
®
L a3\ = 600kPa
S
@
=
@
0
a2 -
63% = 100kPa = gy
0
Shear strain g4
InE 4
m1 based on Ey
my based on Eg,u\
Linear regression analysis
y=ax+hb
- n
m=3_ mi/n
0 | a3 +c cotd
n—m———
a3 "™ +¢ coty
| Window 4-12
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Window 4-13: Configuration for interpretation of drained triaxial tests}

Z Soil

Eil |dentification options ? X

General TX-CD TX-CU CED-IL
Identification setup
Failure criterion

Failure identified from:

@ Peak stress

B.1

Residual stress (peak if residual not reached)

Impose cohesion interceptc = | 0.0 [leMfm2] B.2

Unloadingreloading stiffness modulus

Identification from cycle(s) B.3

Enhanced Identification

| Mumerical adjustment of E50, Rf and m for NC and ligthly-0C samples B.4
Assumed ratio E. | Ezo , if E unidentified 3.0
Assumed ratio Ezq [ E-e= (kept constant during optimization) 1.0 B5

Constrained optimization with 0.7 = Rf = 1 and m exponent:

@ in gbsolute range | 0.0 =m= 0,99 B.6

in relative range with respect to identifiedm = |0.2 [H

| Show options on identification run [ oK ] [ Cancel ]

This option allows users to decide which stress will be used to identify the failure criterion in
the case of models without softening. The failure criterion is described by ¢; and cy.

Users may impose the cohesion intercept for the regression analysis which identifies strength
parameters ¢ and c.

User may specify the cycle from which the unloading-reloading modulus is identified. Typi-
cally, the first cycles are more relevant as the specimen is subject to smaller amplitudes of shear
strain and a relatively smaller heterogeneity of stress distribution in the specimen.
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Activates the optimization of Es5q, 2y and the stiffness exponent m when running the param-
eter identification for drained compression test data. The algorithm applies the curve fitting to fit
numerical curves to experimental data. This option is strongly recommended for normally- and
lightly overconsolidated specimens (reconstituted specimens or confining stresses close to the in
situ stress state with OCR®™' =1 to 2, but it can also be successfully applied to overconsolidated
specimens. Note that the in situ overconsolidated ratio OCR = o./0’,, of the soil can be different
than OCR'™® of the specimen in the triaxial cell conditions (OCR** = ¢,./0., with 0. denoting
the effective confining pressure after consolidation).

Note that identification of these three parameters is affected by the activation of volumetric plastic
strains due to mobilization of the isotropic hardening mechanism. In this case, the response of
normally- and lightly consolidated specimens is softer than that of the overconsolidated specimen,
and therefore will result in underestimation of the secant modulus - refer to Win. 4-14.

User can define a fixed ratio Eso/Euyr (if Eyr not identified) or Eso/Foed. Fur and Foeq will
be updated during an iterative optimization with respect to the updated Esxg.

Enables a constrained optimization when the numerical adjustment for m and Ry is applied.
It can be used for non-standard experimental data for which the unconstrained optimization results
in values of parameters which violate constitutive and numerical rules (e.g. Ry < 0.7 or m > 1.0).
The stiffness exponent can be constrained to an absolute user-defined range or relatively to the
analytically identified value of m.

| Window 4-13
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Window 4-14: Isotropic mechanism mobilization during triaxial compression }7
Z Soll

200 4
©
o
X 1754
S
| 1504
o
S
Il 125
o
? 100 4
[
=1
n
o 751
=
o
2
8 504
©
o
254 —— Eso=30[MPa], OCR=10
—— Esp=30 [MPa], OCR=1
0

0.00 0.01 0.02 0.03 0.04 0.05
Axial strain & [-]

Effect of mobilization of the isotropic mechanism which affects the secant stiffness of normally-
consolidated specimen OCR= 1 (red) vs response of the material for in an overconsolidated state

OCR= 10 (blue); theoretical curves obtained for the same input parameter Eff = 30MPa.

600 -

500

g1 — o3 [kPa]

400 A

300

200 A

100 A

Deviatoric stress g

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Axial strain &7 [-]

e Target: OCR=L1.0, Eso=30 [MPa], Rs= 0.9, m=0.5

e OCR=1.2, E5p=60 [MPa]

e OCR=1.4, E5p=90 [MPa]

—— Identified: OCR=1.0, Eso=20.4 [MPa], R=0.85, m=0.74

—_ OCR=1.2, E5;=32.7 [MPa], R;=0.88

—_— OCR=1.4, Eso=46.5 [MPa], R=0.92

—— Optimized: OCR=1.0, Esx=30.0 [MPa], Ry=0.90, m=0.50

—_— OCR=1.2, Esp=60.0 [MPa], R=0.90

—_— OCR=1.4, Esp=90.0 [MPa], R=0.90

Example of optimization of Eg%f, Ry and m for normally-consolidated and lightly overconsolidated
specimens.

Theoretical curves obtained with:

e target parameters ELSf = 30MPa, Ry = 0.9 and m = 0.5 (green)

e parameters identified from theoretical curves obtained with target parameters and normally-
consolidated specimens (red)

e numerically adjusted (optimized) parameters (blue)

! Window 4-14 ‘
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Window 4-15: Configuration for interpretation of undrained triaxial tests}

Z_Soil

§_f1_"l |dentification options ? x

General TX-CD T™LCU OED-IL
Identification setup
Failure criterion

Failure identified with:

®) Peak stress ’—‘
Residual stress {peak if residual not reached) C1

Impose cohesion interceptc = | 0.0 [k fm 2] C 2

Strength parameters

Effective parameters derived from:

@ max(gfp') (recommended)

C3

max pore pressure

max deviatoric stress (full saturation of specimen reguired)

Unloading-reloading stiffness modulus

Identification from |First ¥ | cyde(s) C4’

Enhanced Identification

+| Mumerical adjustment of drained stiffmess modulus E50 and Rf, m

Assumed ratio Ew / Esa , if Ew unidentified | 3.0 C. 5

Constrained optimization with 0.7 = Rf = 1 and m exponent; C 6

@ in absolute range | 0.0 =m = 0,99 C 7

in relative range with respect to identifiedm = 0.2 [

Mumerical adjustment of OCR for tested specmen (p'-g curve-fitting) C.8

+| Show options on identification run CK Cancel

This option allows the user to decide which stresses will be used to define the failure criterion
in case of models without softening. The failure criterion is described by ¢; and c;y.

The user may impose the cohesion intercept for the regression analysis which identifies strength
parameters ¢ and c.

The option allows the user to define a criterion for identifying the effective strength parameters
¢ and c. The recommended option: max(q/p’) - effective strength parameters determined based
on maximal ratio between the deviatoric and mean effective stress. Pore pressure - parameters are
determined based on the deviatoric stress corresponding to the strain for which the maximal pore
pressure excess was recorded. Deviatoric stress - parameters are determined based on the maximal
deviatoric stress (01 — 03)maz- Note that the last option may lead to overestimation of cohesion
(apparent cohesion) in the case of unsaturated specimens.

Users can specify the cycle from which the unloading-reloading modulus is identified. Typ-
ically, the first cycles are more relevant as the specimen is subject to smaller amplitudes of shear
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strain and smaller non-homogeneity of stress distribution in the specimen.

Activates optimization of Es5p, Ry and the stiffness exponent m when running the parame-
ter identification for undrained compression test data. Note that identification of these three
effective parameters is affected by undrained conditions and the numerical curve fitting
is strongly recommended. When using this option, the overconsolidation ratio of the sample,
OCR™**, plays an important role in the identification as it defines the position of the cap mecha-
nism.

Note that the in situ overconsolidated ratio OCR = o./07,, of the soil can be different to the OCR
of the specimen in under triaxial cell conditions (OCR!*s* = ¢,./0., with o, denoting the effective
confining pressure after consolidation).

Users can define a fixed ratio Eso/Euyr (if Eyr is not identified). E,, will be updated during
an iterative optimization with respect to the updated Fsq value.

Enables a constrained optimization when the numerical adjustment for m and R is applied.
It can be used for non-standard experimental data for which the unconstrained optimization results
in values of parameters which violate constitutive and numerical rules(e.g. Ry < 0.7 or m > 1.0).
The stiffness exponent can be constrained to an absolute user-defined range or relatively to the
analytically identified value of m.

Activates optimization-based adjustment of specimen’s OCR based on the p’ — ¢ curve.

{ Window 4-15
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Window 4-16: Configuration of oedomet

ric test interpretation}

Z Soil

&) Options 7 >
General T¥-CD T¥-CU QED-IL
Estimation of preconsolidation pressure
@ Bilinear approximation
D.1
Empirical approximation: Pacheco-Silva method
Enhanced Identification
mErical ve-fitting for preconsolidation pressure D.2
| Show options on identification run 0K Cancel

The preconsolidation pressure understood as a threshold point beyond which the important
plastic straining occurs, is difficult to establish unambiguously. Among a number of methods pro-
posed in literature for determining the preconsolidation pressure, the following ones are commonly
used owing to their simplicity. The algorithms are provided in the report dedicated to the Hardening-

Soil model.

Since the estimation of the preconsolidation pressure is based on empirical methods, the ad-

justment can be carried out for the Hardening

Soil model with the aid of numerical curve-fitting.

| Window 4-16
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Chapter 5

PARAMETER VERIFICATION AND
VALIDATION

The laboratory test simulator (Window 5-1) offers parameter verification and validation by running
numerical simulations of elementary laboratory tests. Numerical simulations are carried out by means
of ZSoil v2023 calculation module. This makes it possible to visualize a response of constitutive
model for the user-defined or identified model parameters.

The constitutive model can be verified for the user-defined or estimated parameters by simulating
one of the following elementary laboratory tests (Window 5-3):

e triaxial drained compression (TX-CD)
e triaxial undrained compression (TX-CU)
e oedometric curves (OED)

Note that no parameter determination is required to run a numerical simulation to verify a model
response for a given vector of parameters.

Model parameters which are identified based on laboratory curves can be validated by running
numerical simulations and comparing numerical results with laboratory curves (Window 5-2). In
order to compare laboratory curves with a model response, laboratory data must first be imported
by means of the Parameter Identification module.



CHAPTER 5. PARAMETER VERIFICATION AND VALIDATION

Window 5-1: Calling the Laboratory Test Simulator|

Z Soil

Material Data

Material label: [mv day ]
]

A

Material type: [Soil

Select Material Behavior Type

Gravel

Sand

Silt

Clay
Homally consolidated
Lightly overconzolidated
Overconsolidated
Heavily overconsolidated

In situ test data ] [ Material properties ]

Material Formulation

Assistance in model preselection Model Help

-

Available constitutive models: [HSimaII strain stiffness > ]

Parameter Determination Methods

[ Automatic selection ] via literature database

[ Interactive selection ] via correlations induding in situ test data

[ Identification ] via laboratory test data

arameter Verimcauon and Valldaton

[ Lab Test Simulation ]

! Window 5-1
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Window 5-2: Validation of model parameters}

Z Soil
&) Laboratory Test Simulator ? K
Test preselection ~put data for test simulation U S
T*-CD ‘nitial state variables P C
7] Use real test data A 2 Falar.n.elel _— Symbol Walue Unit E
: Iritial void ratia| g, |05 i B1
WWW Cerfinng pressure 7, S0 : SandMedium-txcd-sigs0kPa
i ) SandMedium-tecd-sigi0kl T Insituvert eff. stiess| Oy | 75 g1 ; T T T .
P sdecmieeso 1 || | o pressrs| 7|20 Q
[ SandMedium-teed-5ig2001 T = - - B B E—
User's selection | % ] [ Import ] [ [SEnd to User SE\Enmnl I Show advanced 200
: Parameter mbol Value | Lost specifid] ¢
EF Elastic B3 |™ | B4 ‘ £
Ref. un-/relozd... Frcl [TeN/m*2] 20000 80000 = ol f |
~ Un-/reloading P.. 4y, (o Joa 02 g 4
- Stiffness expon.. 1, 05 05 &
Reference stress o p 100 100 “;“
- [ Small strain .. < 200
Ref initial siff.... 155"/ [Dv/m~2] | 240000 240000 2
- Small strain thr.. g, = 00002 00002 -
EF Monlinear
Failure friction au. ¢y 30 30 50|
~ Dilatancy angle  4) [ tdeal o 0
Failure cohesion 5 20 20 000 002 004 006 008 010
- Ref. sec. modul...  #75 TkN/m*2] |25000 25000 Axial Strain 11 €1
~ [ Auto. eval. .. 1 1 L
Ko coeff. for NC... 05 05 Legend
Cm—TR——— mencecsdo.. opf  (DNmAA )20 2w o N
BT Lsedometric.. ) [KN/m*Z] |25000 25000 ‘
Simulate sele 5 Preoverburd.. g"" T/m*2] |0 0 Simulation status:  COMPUTED, CONVERGED .
A5 : |
|

Filtering tests according to the test type. The test simulation can be run in order to evaluate

model behavior to the specified vector of parameters or to compare model response with
experimental data. The following elementary laboratory tests can be simulated:

e TX-CD: strain-controlled, one-element triaxial drained compression; analysis type Axisymmetry,
problem type Deformation, driver type Driven Load

e TX-CU: strain-controlled, one-element triaxial undrained compression; analysis type Axisymmetry,
problem type Deformation+Flow, driver type Driven Load (Undrained)

o OED-IL: stress-controlled , one-element oedometric compression; analysis type Axisymmetry,
problem type Deformation+Flow, driver type Driven Load

Show the assembly of real tests which have been specified in Test data input
Select tests which you want to simulate
Run a numerical simulation for the selected test using initial state variables from and

vector of parameters . The results will be presented in

Run simulation of all checked tests. The results will be presented in

Preview of initial state variables for currently selected test only. Since the initial state variables
are specified in Test data input, the values are not editable

@ Specify model parameters. Note that these parameters can be automatically imported from
parameter summary widget.

Import model parameters from the "User's selection” or those obtained by determination
methods
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Export the entire vector of modified parameter values to the " User's selection”

Sign convention: The sign convention is the standard convention of soil mechanics, i.e. compres-
sion is assigned as positive.
Predefined data previews

Cl1

Q Modify axes limits (use right-click button context menu to invert axes)

Preview of experimental data and results obtained by means of a numerical simulation
Export/save the current chart to graphical file

Control the simulation status and the log of computations

| Window 5-2
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Window 5-3: Verification of model parametersl

|

B8l Laboratory Test Simulator

Test preselection

Input data for test simulation

Initial state variables

Graphical interpretation

Content preview: | £, - o

Z Soll

TX-CD-1elem simul

a1
350 f
Il
= &0 i
igsoo— f I ]
£ s l
gooif |
©n 4 1
F 200 {
g I
< L e
=
g 150
100 4
0.00 0.05 0.10 0ls 0.'29
Axial Strain [] <1
Qa2 EE
Model: H5-small strain

Simulation status:

COMPUTED, CONVERGED

Close

TX-CD
Parameter Symbol Walue Unit
| d:
se e testdata [E—— 0
L 4 Confining pressure | g, 100 :
Initial Ka cosff. | K™ 1
5]
Loading program BZb ‘
Init. g, [] Incr. Ag, [] Multiplier ~ No. steps
10 Te-0B 1 10
2 1ed§ 1e-05 1 k]
3 | 0.0001 0.00m 1 9 B2a
4 /00m oom 1 19
5 002 0002 1 5 L
User's selection 3][ Import ] [SendesarSe\ecﬁonl Show advanced
Parameter mbol Value Last specifi Z
= Elastic B3 B4 ‘
Ref. un-/reload....  FJof [kN/m*"2] | 80000 80000
Un-/reloading PL. 1, [ o Jo2 02 M
Stiff. exponent (.. g1 [ o Jos 05
Reference stress 7, TDD 100
Stiffness stress ... 1 1
® (03+ccoth)..
(a3/aref)"...
[« 1T (p/aref)*m_p
Small strain stif... 0 0 ]
Simulate selected test il
A.1| Cf. Window 5-2
A.2 | Activate/deactivate the list of real test data (previously specified in Win.4-7)
A.3 | Select tests which are meant to be simulated
A.4

vector of parameters . The results will be presented in

oy}
[y

- Specify initial state variables for currently selected test

Cf. Window 5-2
B.4 | Cf. Window 5-2

B.2a | Create the loading program using a dedicated manager Win. 5-4
Customize the loading program. Note that redundant rows in the loading program can be
removed by the mouse right-click over the first column of the row to be removed

m Define or modify model parameters

Run a numerical simulation for the selected test using initial state variables from and

Sign convention: The sign convention is the standard convention of soil mechanics, i.e. compres-
sion is assigned as positive.

@

.1| Cf. Window 5-2
Cf. Window 5-2
Cf. Window 5-2
| C.4| Cf. Window 5-2
Cf. Window 5-2

Sl ig)
W

ﬁ
.p

[ Window 5-3 |
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Window 5-4: Loading program manager}

Z Soll
Bil Loading Program Manager ? x
Load
Load history type [Munutunic loading/unloading S eacing program
Test control Init. g, [] Incr. Ag, [1 | Multiplier Mo, steps
X 1|0 Te-06 1 10
@ Strain-controlled
A2 2 |le-05 Te-05 1 9
Stress-contralled B 1
3 |0.0001 0.0001 1 9 .
Monotonic loading control 4 10,001 0.001 1 19
Maximal value of Az, 0.2 ]
® Template loading program
Constant load increment 0.001 ] 0.200 - C 1
Unloading control — i
<
I= 0.150 1
Init. unload. g, [] Tot. unload. incr. &g, [] No. steps g
1]003 0002 10 0 0.125 4
o
20,08 0.002 10 e
0.100 +
5 0.075
=
IS
5 0.050 A
=
0.025 4
0.000 T T T T T T
0 20 40 60 80 100 120
Step

Define the load history type:

e Monotonic loading - defines an increase of strain or stress
e Monotonic loading/unloading - includes unloading cycles

e Cyclic loading - defines n-number of constant or constantly increasing amplitudes of strain or
stress

Define the test control type:

e Strain-controlled - stress will be produced by displacement imposed at the top boundary conditions

e Stress-controlled - strain will be generated by load imposed at the top edge of element
Set up the maximal increment value of:

e axial strain Ag,

e dimensionless normalized deviatoric stress Ag/o,,0 where o, stands for the initial axial stress,
whereas Aq = (0, — 0,) is the demanded maximal difference between the axial and radial stress

e Template loading program (recommended) - a generic algorithm proposes an increase in load
increments with increasing load amplitudes, e.g. see
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e Constant load increment - the demanded load increment will be kept constant throughout the
numerical simulation

Modify/add or remove unloading cycles:

e |nit. unload - strain or normalized deviatoric stress level at which the unloading cycle is supposed
to begin

e Tot. unload. incr. - total unloading increment (to be defined as positive value)

e No. steps - number of discrete computational increments per demi-cycle

Add or remove an unloading cycle by the mouse right-button click over the unloading control table.

Preview of the automatic setup . The data in the table can by manually modified. Any
change in modifies the content of

Graphical visualization of the loading program

| Window 5-4
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Window 5-5: Loading program manager}

Z Soll
B Loading Program Manager ? x
Loading program
Load history type ICYdIC loading S i
Test control Init. Iqi [] | Incr. Algl[] | Multiplier  Mo. steps
§ 1|0 000833333 |1 30
Strain-controlled
A2 21025 -0.00833333 |1 30
@ Stress-controlled B 1
3|0 0.0166667 1 30 .
Cydic loading control 4105 -0.0166667 1 30
Two-way - —
Amplitude contral % 1.0 1 C 1 ‘
Constant E
0.8
@) Variable with constant increment 'g
=
Max Aqfo,y  Mum. of cycles  Steps per semi-cycle E
[ 4
1025 4 30 a 0.6
o
]
]
£ 041
[=]
=
[
=]
£ 0.2
[
£
@
=
[}
£ 00 T T T T T
0 50 100 150 200 250

Step

cf. Win.5-4

cf. Win.5-4

Cyclic loading control:

e One-way - increments from 0 to max A without the sign reversal (as shown in the example )

e Two-way - increments from 0 to max A, negative max A

Amplitude control:

e Constant - define n-number of cycles of constant amplitude
e Variable - set of m of n-uniform cycles of different amplitudes

e Variable with constant increment - amplitude of load increases constantly with each loading cycle
(as shown in the example [ C.1])

cf. Win.5-4
cf. Win.5-4

| Window 5-5
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Chapter 6

TOOLS

6.1 INITIAL STATE PROFILE

The Initial State Profile tool allows the user to assess, in a simplified manner, the profiles of initial
state variables. It makes it possible to test the influence of each parameter describing material
behavior in terms of:

Total stress (gravity analysis)
e Effective stress (Bishop's principle)

e Overconsolidation (preconsolidation state depending on mechanical constitutive model )

Saturation (van Genuchten's model for the soil water retention curve)
e Permeability (Irmay or Mualem model for permeability of partially-saturated medium)

The profiles produced by the tool can be obtained with ZSoil when computing the initial state for
a horizontal layer setup.

The tool allows the following profiles to be visualized:

e Variation of the apparent unit weight between the fully-saturated and unsaturated medium
e Variation of the degree of saturation in the partially-saturated zone

e Magnitude of the ultimate suction stress (or apparent cohesion) in unsaturated soil for two
different formulations of pore pressure weighting term (Bishop's effective stress principle Win.6-
4)

e Profile of permeability which depends on the selected model describing the permeability of the
partially saturated medium

e Variation of initial K state as a function of preconsolidation state
e Profiles of total and effective stresses, as well as preconsolidation pressure

e Variation of OCR with respect to the preconsolidation stress and the vertical effective stress
and the selected constitutive model (Hardening Soil, Cap, Modified Cam-Clay)



CHAPTER 6. TOOLS

Note that all these variables and their profiles are highly transient (they vary with time and stress
evolution) during any numerical analysis in ZSoil v2023 .

Window 6-3 describes input parameters which are used in profiling, Win.6-1.
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Window 6-1: Definition of parameters in the initial state profile tool}

Z Soil
Initial state variables Graphical representation
OCRIS i1 M = o=y [y e
8 gror 50/ [kN/m*2] ml kN/mA2l 0 kN/mA2] [kN/n
N 31| [deg] 100.00 -100.00  0.30 -30.04  -4.95 Apparent unit weight Degree ¢
Kp¢ 04849..| 1[I 99.50 -9500 031 2012  -4.94 100.0
" 10] [kN/m"2] 99.00 -90.00 031 -2818  -4.94
9850 -8500 032 -2722  -4.93
9800 -80.00 033 -2624  -4.93
97.50 7500 034 2523  -4.92 97.5 1 1
97.00 7000 035 2419  -4.91
Material layer 96.50 -65.00 0.36 -23.12 -4.90
Num sublayers 40 96.00 -60.00 0.37 -22.01 -4.89
q (overburden) o| [kN/mP2) 0550 -55.00 038 2087  -4.88 95.0 1 T
z (top) 100 [m] 9500 -5000 039 -1968  -4.86
z (bottom) 80| [m] 9450 4500 041 -1845  -484
GWT 9| [m] 9400 -4000 043 -1715  -481
u (uplift) 0| kN/mP2) 9350 -3500 045 -1578  -478 92.5 1 T
9300 -3000 048 -1433  -473
9250 2500 051 -1276  -4.66 €
) ) 9200 2000 055 -11.05  -454 =
w'| Automatic Ko calculation g 90.0 v v
o 9150 1500 061 -9.14 435 = 90.
Unit weight g
o o ) | 91.00 1000 069 -6.91 -3.97 ks
b il | 9050 -5.00 082 -4.10 -3.05
— 90.00 0.00 100 0.00 0.00
€0 06 875 | |
8950 5.00 100 0.00 0.00 -
Help 8900 1000  1.00 0.00 0.00
8850 1500  1.00 0.00 0.00
Effective stress Bishop's principle
88.00 2000  1.00 0.00 0.00
S J _
Stot - S*u 8750 2500  1.00 0.00 0.00 85.0
) SR CEE T U 87.00 3000  1.00 0.00 0.00
Soil water retention curve 86.50 35.00 1.00 0.00 0.00
o 2[ [1m 86.00 4000  1.00 0.00 0.00
WG 14 1 8550 4500  1.00 0.00 0.00 82.57 1
s, of n 8500 5000  1.00 0.00 0.00
8450 5500  1.00 0.00 0.00
Help 84.00 60.00 1.00 0.00 0.00
Permeability 8350 6500  1.00 0.00 0.00 80.0 T T T T
— S 2 2 S N
o - 8300 7000  1.00 0.00 0.00 /M)
. oias IR 8250 7500  1.00 0.00 0.00
8200 80.00  1.00 0.00 0.00
Permeability function for unsaturated medium
8150 8500  1.00 0.00 000 -
Irmay Kl >
@ Mualem Help
Q4 a|lv & B
! Window 6-1
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Window 6-2: Visualization of partial-saturation effects in the initial state profile tool P

Z Soil

Partial-saturation related profiles

Saturation Effects | Initial stresses

Apparent unit weight

Degree of saturation Apparent cohesion Permeability
100.0 -
i i
H h kn
I 1 -=- kv
1 \
1 1
| '
1 \
97.5 1 \
i \
1 1
i \
i \
1 1
1 1
\
95.0 H \
1
\
H \
! \
! \
H \
\
92.5 ! \
:
—_ \ N\
£ '\ \\
< N
§ g0 NEAV/
g 1
& i
w i
|
87.5
85.0 !
1
1
1
|
82.5
—_— S'u
—— Seeu
80.0
AN @ o s © ® S o o ) ° > I o
" ¥ - S v 7 g g 3
[kN/m~3] N
0 [kN/m~2] [m/s]

Stress related profiles

Saturation Effects | Initial stresses

Initial State Ko Initial stresses Preconsolidation pressure Overconsolidation ratio
100.0 T

— g

95.0 -

Elevation [m]
©
S
)

87.54

80.0

05
29
15
0
00

o o
N 8 5
[kN/m~2]

25
S0
75

20,

! Window 6-2
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‘ Window 6-3: Input parameters for the initial stress profile}

Z Soil

| Input parameters

Initial state variables OCR™ -] Overconsolidation ratio in terms of vertical
stress (= ol /o))

qvor [kPa] Preoverburden pressure (a historical pressure
acting on soil layer)available; available only for
the Hardening-Soil model (cf. stress history for
the HS model )

OCRM¢€ [—] Overconsolidation ratio in terms of the mean ef-
fective stress (= pco/pp); defines the initial pre-
consolidation state for the Modified Cam-Clay
model

OCR®P -] Overconsolidation ratio in terms of the mean
effective stress (= peo/pp); defines the initial
preconsolidation state for the Cap model

o) °] Friction angle

KN¢ -] Ky coefficient for normally-consolidated soil

Dc0,min [kPa] Minimal mean preconsolidation stress; NB.
overconsolidated state observed in the super-
ficial soil layers can be obtained in MCC and
Cap model by setting high values of peo min (say
from 30 to 100 kPa)

Material layer Num sublayers Number of discrete elements that are used to
obtain variable profiles

q (overburden) [kPa] Total pressure acting at the top of the layer due
to other layers and loads

z (top) [m] Elevation of top layer

z (bottom) [m] Elevation of bottom layer

GWT [m] Ground water level

Ky (top) -] Estimated Ko coefficient at the top of the layer
(meaningful for the cases where the initial stress
is imposed through Initial stresses (at the Pre-
Pro level) without running the Initial State anal-
ysis)

Ky (bottom) -] Estimated Ko coefficient at the bottom of the
layer (meaningful as above)

u (uplift) [kPa] Uplift pore pressure

Auto Ky Automatic evaluation of K, based on ¢ and
OCR

Unit weight D [kN/m3]| Unit weight of dry soil
o7 [kN/m?]| Unit weight of fluid
€o -] Initial void ratio
Flow constants ! -] Soil water retention curve saturation constant
which is a measure of the thickness of transition
from full to residual saturation; it can be taken
as the inverse of the capillary rise height
nVG (-] Measure of pore-size distribution (nV¢ > 1.0)
S, -] Degree of residual saturation; note that for

S, > 0.0, S - u tends to infinity with in-
creasing negative (capillary) pore pressure for
the standard formulation of the saturation term
(Bishop's parameter)

Window 6-3
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6.1.1 Saturation effects

Win. 6-4 and 6-5 summarize the governing equations which are used to visualize stress
profiles that account for the effects of partial saturation.

Window 6-4: Governing equations for the Bishop’s effective stress principle}i
Z Soil

Apparent unit weight Y =7p +noSvy

with:
S - saturation degree obtained using the soil water retention curve by van
Genuchten (1980) (Win.6-5)

€0

ng - initial porosity =

1+eg

. ;.
Effective stress Oi; =04 — 5 u- 0

For capillary pressures above the groundwater level, the suction stress S - u is
the function of saturation degree S that depends on pore water pressure, wu,
according to Win.6-5.

The pore pressure scaling term S can be selected between:

e S =5, saturation coefficient calculated according to Win.6-5

1

N - 1 S —S,.\ . .

e S=5, =8 = ! , corrected effective saturation
1-5,

S.

The assumed form of the S, enforces monotonic and asymptotic behavior of the
S'-u when suction stress u tends to infinity above the groundwater level. For any
n parameter value, Su — Y/ for u — oo. In this way, the resulting apparent
cohesion can be controlled in order to avoid unrealistic excessive numbers.

035 - Kronecker's delta

Window 6-4
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Window 6-5: Governing equations for the partial-saturation effects}

Saturation degree

Z_Soil
1_

Sy + S — if u<0

S=5(u)= [1—}—(@“) }
Ty

1 if ©vw<0
with:
m—l—l

n
notice that by setting n = 2 and m = 0.5 the above equation reduces to the
simplified version of van Genuchten’s model offered in the ZSoil versions j 23.50

SA
1
A S
)
0 Y

Permeability

The permeability tensor £7; is obtained by scaling the k;; tensor for fully saturated
medium by scalar valued function k, which depends on the saturation ratio.

ki = kr(S)kij

ZSoil v2023 offers two different formulations for the scalar valued function k,
according to:

k. = S3 (Irmay)

or )

kp = S22 (1 - (1 - Sj)m> (Mualem)

with the effective saturation degree defined as:
Se= """
1-5,

>

P
Yt

Window 6-5
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6.1.2 Initial stresses

Window 6-6 summarizes the governing equations which are used to visualize the variation of
stresses and preconsolidation state.

Window 6-6: Governing equations for initial stress and preconsolidation profilesL
Z _Soil

Initial State K, In the case of automatic evaluation, in situ K profile is evaluated
from a correlation by Mayne and Kulhawy (1982) :
Ky = K)€OCR™?

where the coefficient K for a normally-consolidated soil is evaluated

from:
K(')\'C =1—sing

The upper bound value for K is limited to the passive lateral earth
pressure coefficient:

K, — 1+ S%Il 0]
1 —sing
Initial stresses The effective stresses are obtained obtained from the Bishop's effec-

tive stress definition for a single-phase model for fluid:
O';-j:O'ij—g'U'éij

with:

U - pore water pressure

di; - Kronecker's delta

The relationship between the effective vertical and horizontal stresses
reads:
Tho = Ko - 0y

The preconsolidation pressure is computed from:
UUC — OCR . O-’IL)O

g Ove Ovemi
Overconsolidation OCR = max (—,UC, M,’mm>
. o o
ratio v0 v0
where:
_ 3pcO,min
Ove,min = m

| Window 6-6 |
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6.2. STRESS DEPENDENT STIFFNESS MIGRATION

6.2 STRESS DEPENDENT STIFFNESS MIGRATION

Stress dependent stiffness in the Hardening Soil model in ZSoil v2023 can be described with
the three different formulations of the power law (see The Hardening Soil model - a practi-
cal guidebook for a comprehensive discussion on the advantages and shortcomings of each
formulation). In the first formulation, stiffness moduli depend on the evolution of the minor

stress o3 following:
A m
E = B ( 735N + 005 ¢ ) (6.1)
o' sin ¢ + ccos ¢

with:

E - standing for one of the deformation modulus, i.e. Es5q, Ey or Ey
¢ - friction angle

¢ - cohesion

m - stiffness exponent

In the second formulation, the power law reduces to:

/ s
o3 __ o3,ref o
o= e () o

neglecting the cohesion term.

In the third formulation, the power law takes more natural form where material stiffness
depends on the mean stress (effective in the two-phase analysis):

/

et [P\
EP — ppref (F) (6.3)

with F, denoting any modulus which is scaled to the reference stress using a current mean
stress p/.

Notice that the stiffness exponents m, m,, and m, are equal to each other only if ¢ = 0.

Moreover, compatibility for different stiffness moduli, i.e. £?3 or EP = F, can be maintained
only for the hydrostatic initial stress conditions Ky = 1. In the other cases, deformation
moduli should be transformed with the aid of special techniques which are described in the
section Parameter migration between minor and mean stress formulations.

Virtual Lab v2023 offers an integrated tool to facilitate moduli migration which is illustrated
in Figure 6-8. The toolbox can be initialized whenever the stress dependency formulation is
changed in the elastic parameter window of the Hardening-Soil model:

= % Elastic
Ref. un-/reload. modulus !:'I':,':,J' [kM/m™2] 80000
Un-/reloading Poisson's ratio Uy 1] 0.2
Stiff. exporent [sig3+cicotiphi]] g ] 0.5
Reference strezs Cref [kM/m™2] 100

Stiffress stress dependency
@ [o3+ccotd)Oref+o cotd] "m

[T3/aref] " m_o3

[pAoref]"m_p
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CHAPTER 6. TOOLS

and can be found in the ZSoil v2023 toolbar under Tools:

File Control View [QELIS Report Help

Material Data Initial state profile

Stress dependent stiffness migration
Material label: AT 5 O

The tool (Win. 6-8) makes it possible to migrate parameters in each direction between the
3 different formulations:

e 03+ ccotp — o3 and 03 — 03+ ccot @

e 03+ ccotp — pand p— o3+ ccoto

e 03— pand p— o3

the parameter migration requires setting the base parameters (stiffness moduli, power law
exponent m and failure ration R) which will be transformed to the target parameters. This
transformation involves fitting the target power law to the base power law in terms of the
initial small strain stiffness and triaxial curves, in the best possible way ((A.1]).
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6.2. STRESS DEPENDENT STIFFNESS MIGRATION

Window 6-7: Parameter migration between stress dependent stiffness formulations

Z Soil
,EE;'? Stiffness stress dependency - power law migration ? x
Pawer |law migration : gz+ccot(d) -> o = Graphical representation
Input data Al Small Strain Stiffness fitting
Base power law F 400000 A —— Based pow. law (o3 + ¢ cotip))
E
m o7 0| = 350000 - Targetpow. faw (c:)
ol 240000 [kN4m™2] =
oo ||| ¥
. 2
25000 (kN4 £ 250000
80000 | [kM4m” A 2 E
Auxiliary data % 150000 -
c e ullinc 5 100000
- T T T T T T
Trey 120 FLbure) 0.4 0.6 0.8 1.0 12 14
Q 23 Normalized stress level  o/ge=r[]
Ky i
Stress range A3 Triaxial Drained Test fitting
Min o've 50 = —— Based pow. law (03 + c- cot{g))
Max oo 400 [vjm~ i% 600 ==~ Target pow. law (03}
A.4 2
3 o
w400
Output data @
Target power law JE
=
w0 A 20
ey 210220 [kN/m'2) 2
R i —t
/A ol | | | . .
By [ ] 0.00 0.01 0.02 0.03 0.04 0.05
! - [kMNAm™2] Axial strain £a[]
Help ] [Apply target values to user's selection ] [ Cancel ]

>
—_

migration of parameters between two power laws, the base and the target one:

03+ ccot ¢ — o3 and 03 — o3+ ccot ¢

o3+ ccotp — pand p — o3+ ccot @

o3 — pand p— o3

input moduli, stiffness exponent and failure ratio corresponding to the base power law
auxiliary parameter required for power law migration

range of vertical stresses for which the stiffness equivalency is sought

output moduli, stiffness exponent and failure ratio corresponding to the target power

>[>[>]>
Gl [w]|N

o
=

! Window 6-7 ‘
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CHAPTER 6. TOOLS

6.2.1 Automatic ‘)arameter migration for parameter identification
from triaxial curves

For each parameter identification run from experimental triaxial curves, the algorithm iden-
tifies the parameters of "3 + ccot ¢" power law, and then it automatically determines the
equivalent values of parameters which correspond to the o3 and p formulations. These pa-
rameters are optimized with respect to the initial stress conditions (i.e. o3 and Kj) of the
interpreted tests and can be inspected by choosing All identified variables in the combobox
as illustrated in Win. 6-8. The migrated parameters are collected and can be accepted as
the user's selection in the main summary window. They are visible for a selected type of
formulation as shown in Win. 6-8.

Window 6-8: Automatic parameter migration for identification from triaxial curves

Z Soil

a0
28

Test Data Input | Data Interpretation

Assembly of tests Data interpretation
Graphical interpretation
™D 2] || Preview for retrieved variables Alidentified variables : e ——l
— — Tests interpretation for model:
¥ TESTCD-OC-S0K_ TA-CD Parsmeter Symbal Unit | Average T-CD|*
T e DD | Rel oo modhis t S of o e im0 q
TEST-CD-OCNC..  TX-CD Fef. sec. modulus at 50% of of By [kN/m"1 15100
TETCooce- %:Eg L ——— LA KN/l 18200 P
Fiel, un-freload. modulus B KN/ | E4000 400
Fiel, un-freload. modulus Byre! M/mT 54000 F
Fiel, un-freload. modulus B kM/m'l | E4E00 E
Stiff. exponent [sig3+c*catphill n IE E 300 1
Stiff. exponent [p-formulation] my ] 07 F
Stiff. exponent (sig3-formulation) M, ] 063 E R - S —
Shnath 0 200 4
Failurs ratio Ry i 096 E
Failure friction angle or deg] El 2 .
Pk fiction angle Gk fdec] 31 & 100 —eer e g
Fiesidual hiction angle Bren deg] il A E—E“E’k
Failure cohesion cr k"] 502 7 res
Preak cohesion Cpeal [kN/m™1 502 ()
Fiesidhial cohesion Cres TkM/m™) 502 %_60 0.05 0.10 0.15 0.20
Slope of C5L — L — Axial Strain [] 1
Failure ratio [p form.] R_; ] 098
Failure ratio [sig3 form.] R';' 1} o R
———————————— Dilstancy = Grid | |legend | Interpretation Q|4 @&/~ B
O[nterpretselected . 5
Options oK Cancel
Paramster Symbel Ut Users seleclion Automatic
H ] Uit wsights
Urit weight 5 KM |0 131
Uit weight of i 7y kM3 |10
Il veid rstia €0 0o 0% 05
Urit weight of chy sail . e 131
= ¢/ Elastie
Rieh ure/rekosd, modulus s IkH/m'2] | Bago0
Urheloadin Poissonis ratis 45, 0 o2 0z 025
i, exponent (afomution) 771, T T | 07
Reference shess Oref [kN/m™2] 100 100 100
Stifusss shss dspendercy
[ —
(o3 /0rel] " m_a3
® [l mp
LRl
® Disabled
Classical fomnulation
Biick Fomulation
Fiet intial stif. mochie B kw2 |2a000n
Sl strain threshold o1 i n.000z
o vt
Falure friction angle o B RE an El
Dilatancy angle i ldeal |0 0 2
Failure cohesion cr [kM/m™2] |5 5
Fief. sec. modulus at 50X of gf £ " kN/mZ] 18000 V| 1576404
Faiure rafi s form | Rrf 0 s v 038
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Chapter 7

PROJECT AND DATA
MANAGEMENT

The data produced during a parameter identification session is saved and handled by the
material database management system (refer to Section 1.2).

A default database is located in:
c:/ProgramData/ZSoil v2023/Full/CFG/Materials/Soils.v1db

Each material has an individual ID number which is displayed in the application’s window
title, as illustrated below:

BZ1 virtual Lab v20.00.00f Mat ID: 1-2

File Control View Tools Report Help

Two copies of parameter session data are saved. The first one is saved to the currently
connected database (by default Soils.v1ldb). The backup is stored in the database's root
directory in the folder [DatabaseName]-data in a xml-formatted file [material-ID] .pid,
for example:

../S0ils/1-2.pid. In the case of a problem encountered during a parameter identification
session, users can send a pid file to the hotline attached to a detailed description of the
problem.

Data for single laboratory tests are normally saved in the project data. However, they can
also be exported to, or imported from [test-name].pit files.



CHAPTER 7. PROJECT AND DATA MANAGEMENT

| Window 7-1: Format of saved data|

| 1-2.pid - Notepad
File Edit Format Wiew Help
<?xml version="1.8" encoding="utf-8'?>»
<project name="Untitled@ Mat_2">
<version>28.00.080</version>
<project_title»</project_title>»
<author»<fauthor:>
<company></company>
<unit_cfg»
<unit_system>STAMNDARD</unit_ system>
<global_units>kN m deg s C</global_units>»
<funit_cfg>
<precision_cfg»
<interval range="(-inf,le-4)"»2</interval>
<interval range="[le-2,1eB)"»2</interval>
<interval range="[le-4,1le-2)"»2</interval>
<interval range="[1e@,1e2)">»3</interval>
<interval range="[1e2,led)">»3</interval>
<interval range="[1led,inf)"»3</interval>
</precision_cfg>
<environmental constants ver="20.88" base units="kl
<parameters_collection>»
<gamma_W unit="[kN/m*3]">
<value>»18.8</value>
</gamma_W>
<gravity unit="[m/s"2]">
<value»9.81</values>
<fgravity>»
<p_atm unit="[kN/m*2]">
<value>188.08</value>
</p_atm>
</parameters_collection>
</environmental constants>
<material sample label="Template 1"»
<material_type id="0"»>50il</material_type>
<behavior_type id="-1"/>
<specific_feature id="-1"/>
<inp dat_setup>»

Z Soill

! Window 7-1
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