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Motivation for developing a parameter selection assistance

Client Request e Realistic simulation of soil-structure interaction

Requirement * FEM
q e Advanced constitutive models

e Large number of parameters
Getting stacked e Missing data for parameter identification
e Uncertainty in parameter selection

e PARAMETER IDENTIFICATION TOOLBOX
e automatic parameter selection

ZSoil e user-engaged parameter selection
. e assistance in decision for ranges of
solution parameters

e automated analysis of laboratory
experimental data
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Characterization of soils for engineering purposes

O Field tests

« Estimation of small strain stiffness characteristics based on
undisturbed soil structure (geophysical tests, SDMT, SCPTU)

« Soil characterization at in situ stress conditions (DMT, CPTU)

* Qualitative soil description

O Laboratory tests

» Basic characterization (macroscopic soil description, grain size
distribution, physical properties)

 Full stress-strain relationship (mechanical = model properties)

Assistance in parameter determination
Rafal Obrzud
¢ 26.08.2015, Lausanne, Switzerland

V| —
STRUCTURES



Characterization by means of field tests

d Geophysical test, SCPT, DMT

Small strain stiffness: Vs GO

d DMT (empirical correlations) Eur E KO OCR (I)

d CPT (empirical correlations) VS GO E50 Eoed KO OCR (I)

liquefaction potential

oed

O SPT (empirical correlations)

Small strain stiffness VS

Strength characteristics (I)

Liquefaction potential
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Characterization by means of laboratory tests

... in the context of HSM

1100 f~

900 -~

Deviatoric stress q [kPa]

100 -

-100 -

700 ~
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m (for varying
minor stress oy)
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Characterization by means of laboratory tests

... in the context of HSM

gPOP(OCR)

1 10 100
0 1 1

1000
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Volumetric strain ¢, [-]
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Parameter selection assistance in ZSoil 2014

Increasing
reliability of
selected
parameters

User input data

I. Basic soil properties
- keywords

(soil behviour type, density
or consistency, gradation or
plasticity, etc.)

II. Auxiliary data
- numeric data

(basic soil properties,
in situ test data

III. Experiemental data
- labroratory curves

——> Basic parameter
estimation
(ZSoil v2011: HSM
dedicated)

——> Advanced parameter
estimation
(ZSoil v2012: HSM
dedicated)

—> Advanced parameter
identification
(ZSoil v2014: most
popular soil models)

Rafal Obrzud
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Parameter Determination Toolbox

An interactive tool providing an assistance for parameter selection for
incomplete or complete experimental results

Help — Reports PARAMETER DETERMINATION
TOOLBOX

Z_Soil.PC 120201 report
revised 31.09.2014

by
R.F. Obrzud

with contribution by
A. Truty, 5. Commend, K. Podles, Th. Zimmermann

Zace Services Lud, Software engineering
P.0O.Box 2, 1015 Lausanne, Switzerland
(T) +41 21 902 46 05
(F) +41 21 802 46 06

htrp:/ /www. zace.com,
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Exercise 2 — Parameter identification

Soil stratigraphy

0.00
Clayey sand
-3.00 e
Mediumsand W
-6.00 -5.00
Clayey sand
-8.00

Available data

General soil description
V. (determining E,)
SPT (determining ¢)

3 tests TX-CD
General soil description
Vv

S

as for 1st layer

3 tests TX-CU
VS
DMT, CPTU (determining OCR)

5

ince 1985
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Exercise 2 - Tool for parameter identification

[ 5
Materialz Iﬁ

k aterial definition

Add Modify Delete n e Mohr-Coulomb

D eterming parameters |

Toolbox available for:

Lizt of defined materialz

°
| M arne | Caont. /Stuct. twpe | M aterial formulation | [v Elastic Open Cap
: and Mu:hum Eu:unt!nuum HS-zmall Stra!n st!ffness ¥ Urit weights Open
2 Clapey Sand Continuum HS-zmall ztrain stiffness ° Cam _Cl ay
3 Clay ontiruum H5-small ztrain stiffness
45 5 5
eepage eEpage eepage . H S M

[v Flow Open

v Maon linear Open

gy

1. Select Clayey Sand

[v Initial Ko State Open

Clayey sand — data:

2. Press Determine parameters L[ Haat . L.

~ Humidiy General soil description

™ Stabilty (estimation based on
incomplete data)

| Damping . .
V. (determining E,)

Add zelected maternial to database | Impaort matenal from * MNP | SPT (determlnlng (I))
Help far current model |
W Advanced Help Cancel | Ok

Rafal Obrzud
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Assistance in parameter selection in ZSoil 2014

POST-PROCESSING OF ESTIMATED PARAMETERS

&il Pararmeter Determination Toolbox w14.03.09 - C\Prog
File  OQptions  Wiew Help

Material Data

DEFINING
BASIC PROPERTIES
OF MATERIAL

Material label: Mo name

1

Material bype: Sail

Select Material Behavior Type

Grawvel

Sand

Silt

Clay
Marmally conzolidated
Lightly averconsolidated
Overconsolidated
Heavily overconsalidated

Set basic material properties

Set in situ kest data

Material Formulation

SELECTING
CO N ST I TUT I V E Suggested constitutive madel Formulations:
MODEL i -

¥ Assistance in model preselection

Cap Model

Parameter Determination

PARAMETER
IDENTIFICATION

Determination methods:

Aukarnatic via literature database and

d Int ki |ati including in sik
M ETH O DS an S.:lean;cnwe E;;Eilaatlgns including in situ

Tdentification

wia laboratory test data

amData\ZSoil w20 1MFULLVZ TP Untitledf.inp - Z50il

Parareter Summary Laboratary Test Simulation

Parameter Selection

-

Export user's selection to: | Test simulation - Export

Pararmeter Syrbol Unit User's selection

=1+ Unit weights
Uit weight vy [kh/m*3] |
Unit weight o flid Tr [kM/m*3] |10
iialveid e o B [ ] ............... -
Uriit weight of dry zoil Yo [kN;’m"B] 1]

—I- Elastic:
Fef. un-*reload. modulus f;'l"':;r [kN;’m"‘E] 20000
Un-/reloading Poizzon's ratio v, [ | [ ] ............... 0z
Siifness expnent n = <2
Reference stress Tpef [karm"E] 100

Small strain stiff. active

R, iniial stift. modulus k! [kM/m*2] | 240000
Small strain thieshoid Yr | 0 oo

= Monlinear
Failure friction angle
Dilatancy angle
Failure cohesion
Ref. sec. modulus at 50% of of
¥ Auto. eval of M and H

Ko coeff. for NC soil 0&
Reference oedometic stress 200
Ref. oedametric modulus 25000
Freoverburden pressure 0
®) Overconsalidation ratia OCR s [l 1
Stiess reversal Ko coeff, K 1 05

Autormatic

181

0814
15

20000

0.563
217

48554
0.000172

258
1]

4000

0.565

177

4000

1.1

Interactive

131

014
15

20000
0z
0.563
100

43554
0000172

25.4
0

0
4000

0.565
177
4000

1.1
0.565

Assistance in parameter determination
Rafal Obrzud
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Exercise 2 — Parameter estimation for Clayey sand

Material label: [Sand

|
Material type: [ Soil = l

Select Material Behavior Type

Gravel

Sand
Mormally conzalidated
Lightly overconzolidated
Owvenconsolidated
Heavily overconzolidated

Silk

Clay

Set basic material properues
Setin situ test data

Material Formulation

Assistance in model preselection

Available constitutive model formulations:

HS-small strain stiffness S

Help for current model

l

Parameter Determination

[=termination methods:

Automatic via literature database and
1 and Interactive [} correlations induding in situ
Selection test data

Identification via laboratory test data

Parameter Selection

Parameter estimation from incomplete data | ..

Export user's selection to: [Test simulation

Preview content: | Basic >

= ] [ Export ]

1. Select the determination method

,Automatic and Interactive Selection”

[ User's selection << Checked | or drag-and-drop to assign user-selected valuss

Parameter Symbol Unit User's selection  Automatic Interactive TX-CD (4]
=l Urit weights
Uit weight ¥ 0
Uit weight of flid o7 11
Iniial veid ratio ey (o o
Unit weight of diy zail Yo 0
=l Elastic:
Fief. un-/reload. modulus Eref 80000
Ur-/reloading Poisson's ratio Uy E} 0.2
Stiffress exponent 1M E} 05
Reference strags Tpef 100
Small strain stiff. active
Fief infial stf. medulus £ 240000
Small strain threshold Yo.7 [0 Joooe
=+ Norlinear
Failure friction angle CJI,- 30
Dilatancy angls tfr 0
Failure cohesion Cy 20
Ref. sec. modulus at 50% of of 107 25000
¥ Auto, eval of M and H Cormpute M.H 1 | 4
Ko coeff. for NC soil [ KaohC l 11 ] 05
Fieference oedometric stress Ur:l}r [kN/m™2] | 200
Fief. oedometric modulus I;'r:;'__{ 25000
Preoverburden pressure g 0
zolidation ratio OCR HS E} 1
al Ko caeff. KSR [ o Jos
jaticn .ok C
jstion izatropic =
DI

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 - Introducing available data

e

Soil Behaviour Type: b Stress History: b 5oil Density: ) Gradation: b Particle shape: State: b
Unknown - Unknown » | Unknown + | Unknown « | Unknown « |Dry (5=0%]) & @ Run basic
Gravel Mormally consolidated Very loose Well-graded Angular Humid (5=1-25%)
igthly consolidated Loose Poorly-graded Damp (5=26-50%) parameter
Silt Overconsolidated Silty Moist (5=51-75%) selection
Clay Heavily overconsolidated Dense Rounded
A i Very dense 5 - - -  Reset All Data
(D) ¥ Known soil properties £} NB. W specified, the walues of basicsol propert| 1 Dafine general soil description
Material name Piasek gliniasty
Elastic modulus . E [kPa] 2. Introduce known values of soil properties
Weight [ unit volume v [kN/m?]
Friction angle o [deg] 3. Introduce available results from SPT
Cohesion C [kPa]
Vert, eff. stress at characterization 4. Introduce the results obtained from shear
or in the middle of soil layer ) T'yg [kPa]
Overconsolidation ratio OCR 1.5/[] wave VE'OCity measurements
Initial void ratio &g 0.61[-] . .
Unit weight setup 5. Run basic parameter selection
(8 Weight of dry soil ) To 16.5 [kMN/m’]
(" Weight of saturated soil X Ysar [kN/m?]

@ [~ Physical soil properties

@ I Soil type specific properties
@ [+ In situ test results !l
Seismic tests [ SDMT / SCPT [ Other geophysical test)
] ]

Standard Penetration Test (SFT)

MNumber of blows Mgy 25 Shear wave velocity W, 100 [m/s]
Wertical effective in situ stress X Ty 125|[kPa] Soil density X P 2.1|[g/cm7]
Overburden correction factor : Cy 0.8594 [] Vertical effective in situ stress : T'yp 100|[kPa]

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Post-processing of results

Basic soil setup

Material name: No name Gradation: Clayey
Soil Behaviour Type:  Sand Stress History: Ligthly consolidated
Soil Density: Medium Particle shape: Subrounded Basic Parameter Selection - automatic estimation Advanced
[ Range of values Parameter
Summary of Advanced Parameter selectiof - interactive estimation Min Mean a 5td Dev. Selection
Standard HS model setup
Young modulus unload./reload. at reference stress Help | £, 16000 | [kN/m"] 12poo 16000 20000 4000 ﬂ @
Reference stress for Young modulus O ref ) 100 [kM/m?] 100
Poisson ratio unloading/reloading Viur ) 0.2
Exponent for power law m 0.563 g.40 0.56 0.75 0.0;: ﬂ @
Lower bound stiffness cut-off at stress o, 10| [kN/m7]
Small strain extension
v Active
ef E} 2 b | | b |
Initial Young modulus at reference stress Help | E;° 66327 | [kN/m"] 66p27 66327 66327 0 ﬂ @
. . . b Yoz 1.70E-04 1.03504| 1.70E-04, HO09E-04( 5.00E-05 E
Parameters obtained with the aid of | ° =@
automatic parameter selection will
be stored in the column Interactive
estimation. b | e 2000 | [kN/m?] 2§82 ao00] | soo0, 1786 D
These values can be modified next Cret 100 [kN/m?]
during interactive browsing of
different avaialable correlations s 34.5|[deg] ool 3250l | 37.00 141 D
(Advanced Parameter Selection) " 5.25 [deg] 4s8) 525 | s63 o038 | D
Cohesion Help C 0 0.00

Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 - Interactive control of applied correlations

Friction angle

Approximative value ¢ [*]

Correlation Type Soil Type Auxiliary data Min Average Max
[ 1 Typical values | Select soil type ... m ‘Dense [l] N/A NfA NfA
[ 2 Typical values ‘| 5C Clayey sands, sandy-clay mix [L] 29.0 34,0 39.0
¥ 3 Typical values |Medum  Dr: 36-65% B2 30 33.5 37
[ 4 Typical values | Fire Grained t] | Select gradation ... m | Dr: 60% [L] NSA
¥ 5 Empirical ) Relative density D, [%]: 50 35.5
Test type Measurement or transformed measurement Value Min Average Max
[~ & Marchetti's dilatometer DMT " Horizontal stress index Ko [-1: not specified MN/A NSA NfA
[ 7 Cone penetration test CPT ) Cone resistance g, [kPa]: not specified N/A
Effective vert. in situ stress o' [kPa]: not specified
~
[~ 8 Standard penetration test SPT +Number of blows per 0.3m F— m 30 33 36
[ 9 Standard penetration test SPT 35 37.5 40
10 Standard penetration test SPT ) Number of blows per 0.3m MNgo: 25 35.6 38.6 41.6
Effective vert. in situ stress o' [kPa]: 125
¥ Use overburden correction factor Cyl-1: 0.394
11 Standard penetration test SPT ) 36.1
712 Standard penetration test SPT X 41.0
713 Standard penetration test SPT ) 38.0
[ 14 Standard penetration test SPT ) 344
. 34.6
1. Press Plot to run a graphical summary of estimations
obtained from different correlations that have been e — o
. . . . Standard Deviation 1.4
applied during automatic parameter selection, and Dlot
estimations based on SPT results 1 Selected Value 34.5] Update Hs Meny

Assistance in parameter determination
13 Rafal Obrzud
| ¢ 26.08.2015, Lausanne, Switzerland
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Exercise 2 - Interactive control of applied correlations

EE————————-—.__

Compare estimations obtained with the aid of different
correlations (NB. the value can be modified by the user and
updated in the main dialog, i.e. HS-Menu, by pressing Update HS
Menu

Return to the main dialog by pressing HS-Menu button or click
right mouse button to see the context menu

Material: Piasek gliniasty
45
[ ]
40 ] i
[ ]
5 " ! ®
35 - ¢ d S
(5] =

o 30
- ol
=
v 25
i)
[T}
=
® 20
=
i)
B s
™
e

10

5

0

0 1 2 3 4 5 6 7 B 9 10 11 12 13 14
Correlation Index

16

Save Chart

Close

l

+STRUCTURES

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland



Exercise 2 - Final selection & exporting parameters for simulating TXCD

Parameter Selection

Export user's selection to: | Test simulation

Parameter
=I Elastic
Ref. un-freload. modulus
Un-/reloading Poisson's ratio
Stiffness exponent
Reference stress
Small strain stiff. active
Ref. initial stiff. modulus
Small strain threshald
= Monlingar
Failure friction angle
Dilatancy angle
Failure cohesion
Ref. zec. moduluz at 50% of gf
v Auto. eval of M and H
F.o coeff. for MC zoil
Reference oedometric stress
Fef. oedometric modulus
Preoverburden pressure
@) Overconzolidation ratio
Stress reverzal Ko coeff.

@) Conzolidation KoMC
Congolidation igotropic
Conzolidation anizotropic:

=I Initial Ko State
Coeff. Koin ¥ direction
Coeff. Ko in £ direction

=I- Fliow
i

: Exort n n

User's selection << Checked | or drag-and-drop to assign user-selected values

Symbol Unit User's selection
g [kW/m"2] |15000
U, ] 0.z
m I 0563
Tref [kN/m™2] |100
B [kN/m"2] 110716
Yor ] 0.00017
O [deg] |345
" [deal |5.25
c; kN/m72] |0
Eg ! [kM/m™2] | 4000
Compute M,H 1

KahC i 0434
g kN/m'2] | 230
et [kN/m”2] | 4000
gOF [kM/m™2] |0
OCRr™ n__hs
K ] 0434
Ky, [l 0.546
Ky, i 0.546

Preview content: | Basic -

Automatic

16000

0.563
1an

110716
0.0a017

345
5.25
0

4000

0.434
230
4000

0614
0E14

Interactive TK-CD =
| 1600
¥ 0.2
v 056
¥ 100

¥ 110716
¥ 0.00017

| 345
¥|5.25
70

| 4000

¥ 0.434
| 230
¥ 4000
LAl
¥[1.5
| 0.434

¥ 0.545
| 0.545

0.

Leave the dialog for automatic and
interactive parameter estimation
- Update and Exit

Mark all parameters from
column Interactive

Move marked values using
Copy checked to user’s selection

In order to verify effectivness of
parameter identification,
Export user’s selection to Test
simulation; you will be asked
whether you’d like to
automatically move to
Laboratory Test Simulation

Rafal Obrzud

—
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Exercise 2 — Simulation of a drained triaxial test

Parameter Summary Laboratory Test Simulation |

Test preselection Input data for test simulation o :
Graphical interpretation

TvcD - l Initial state variables

b : Content preview: | £, - q S ]
Parameter Symbel  Value Unit
Initial void 1atie. €y 05 (o ]

Use real test data

Lab. Tests Test type - = .
TS0 T el st ToED Confining pressure oF . . 100 [kM/m™2] TX-CD-1elem simul
Initial K.o coeff. | F)™ 0.5 T T
250} -
.‘f’ﬂf
1. Define initial state
i ™~
variables for ¢
simulation of the — 2 200(
drained triaXiaI test. Init. 22 [] Incr Az [] Multiplier  Mo. of steps Z ;
w
H 1 0 1e-0E 1 10 @
Loading program =
gp g 2 1e05 1805 1 g v
can be modified. 3 00om  ooom 3 u 5 150}
4 oot oo 1 19 2
@
. . 5 002 -0.0002 1 10 || [a] i
2. Runsimulation of o ITTTEEmE " B
the triaxial test by T RTEperes ST SvaCes parameters
— 100
pressing Simulate Parameter Symbol Unit Value Last spe| . . . .
I d Ref. sec. modulus at 50... I;'_.:'l'l"r [kM/m*2] | 4000 4000 0.00 0.05 0.10 0.15 0.20
selected test ¥ Auto. eval. of M an... [ComputeM,H] 1 1 Axial Strain =, []
KocoeffforNCsail |  KeNC | 1 0434 0434
h I Reference oedometric s... cvf:rh',r [kM/rn"2] | 230 230 Legend
3. Browse the results , ook ,
Ref. cedemetric medulus K 4 [kM/rm*2] | 4000 4000
o = ] Model: HS-small strain
Preoverburden pres.. ¢ [kM/m"2] |0 0
® Overconsolidationr.. ()('R/¥ E]LS 15 Simulation status:  COMPUTED, CONVERGED
Stress reversal Ko coeff, I\',']u” E]U.Hd 0.434
®) Conselidation KeMC
[« Consalidation isotr.. .
[ Simulate selected test (4] S : [ ;]H

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Exit from Parameter Determination Toolbox

Options  View Tools  Help

. Open Parameter Summary Laboratory Test Simulation |
o Save Ctrl+5  |Piasek gliniasty Test preselection Input data for test simulation
[ Save As <ail - ] [TX-CD N ] Initial state variables
T Use real test data Parameter Symbeol  Value Unit
Gravel Initial woid ratio € 0.5 [0
Lab. Test Test - -
Sand e est type Confining pressure | 100 [kMdm™2]

Silt T#-CO-1elem zimul T-CD

Clay Initial Ko coeff. . K™ 05 1

ZEI Exit . 2

Set basic material pr Parameter determination project is about dosing.

Setin situ test ¢

Configure data saving before the exit.

1. Exit Parameter | Save this parameter determination project
Determination Toolbox _ .

| Update parameter values in material dialog

2. Accept saving the
parameter
determination project ‘ P ‘ | X cancel ‘
and updating parameter
values in material dialog

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Parameter identification for Medium Sand

Materials @
b aterial definition
Modify Delete n

&dd |

. . . Fishermi t |
Lizt af defined materials A P =ER

I ame | Cont. Struct. type | kd aterial formulation | [ Elaztic Open
Continuum HS-zmall strain stiffness L
v LInit ht 0
2 Clayey Sand Continuum H5-zmall ztrain ztiffress A ﬁ
3 Clay Continuum H5-zmall ztrain stiffriess
4: Seepage Seepage Seepade
[v Flow Open
1. Move to parameter identification for
Sand Medium by selecting material #1
y & [v Mar linear Open
. = |t
2. and press Determine parameters ¥ IitalKoState _ Open_|
[ Heat
[ Humidity
[ Stability
[ Damping

Add zelected material to database | | rpart material from * IMF |

Help for current model |

v Advanced Help

Cancel | ak

Sand medium - dane:

3 drained triaxial tests

General soil description
(parameter estimation from
incomplete data)

V. (determining E,)
SPT (determining ¢)

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland

—
+STRUCTURES



Exercise 2 - Initializing the identification from laboratory data

File Options View Tools Help
Material Data Parameter Summary | Laboratory Test Simulation ]
Material label: [ Piazek sredni ] Parameter Selection
Material type: [Soil = ] Export user's selection to: [Test simulation S ] [ Export l
Select Material Behavior Type
Gravel
Sand Parameter Symbaol Unit User's selection  Automatic
Silt
Clay = Unit weights
I rit weight & [kMAm™3] |0
Unit weight of Auid ",r'f [kM#A™3] |10
Initial void ratie € [0 Jos
it e i 7 kM/m™3
Set basic material properties Unit weight of dy sail o 185
=I Elastic
Setin situ test data Ref. un-freload. modulus Eret [kN/m"2] | 80000
Material Formulation Un-/reloading Poizzon's ratio Uyr m 02
Stiffress exponent m m 05
Assistance in model lecti -
Sl p st Reference stress Tpe f [kMAm™2] |100
Available constitutive model formulations: Lo X
Small strain stiff. active
A -
SR 4 Ref.iniial stiff. modulus B kN/m2] | 240000
Smal strain threshold Yo [0 ooz
= Nonlinear
Help for current model ]
Failure friction angle 30
Dilatancy angle 0
Parameter Determination Failure cohesion [kN/m™2] |20
Determination methods: Ref. sec. modulus at 50% of of [kN/m™2] | 25000
Automatic via literature database and v Auto. eval of M and H 1
and Interactive correlations induding in situ } KoMD
Selection test data Koo coeff. for MC soil [ ol l l ] 05
ref =
IdenﬁﬁcaH:g via laboratory test data - . U.r',r.l'jr [kNa"mA2] 200
Ref. oedometric maoduluz 2 e [kN/m™2] | 25000
|Opensa dialeg for an automated interpretation of laboratory test results, ISSU :;IJ[”" [kN/m"2] |0
@) Owverconsolidation rati U(_‘]’{”H [I] 1
Stress reversal ko cosff. I\',']H” i] [1R4]

1.

Select the determination
method: Identification

@) Conzolidation K.oNC

Conzolidation isotropic

Preview content: | Basic >

[ User's selection << Checked | or drag-and-drop to assign user-selected values

Interactive

TX-CD

-

(]

[
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Exercise 2 - Import experimental test data

Test Data Input | Data Interpretation ]

Assembly of tests Specimen data

TX-CD Test label untitled test 4

Test type TH-CD

Lab. Tests *  Test type
PiasekSredni-tucd-sig25kPa TX-CD

PiasekSredni-ticd-sig50kPa TX-CD STl =

PiasekSredni-tecd-=ig75kPa TX-CD Berenmeli Symbn Walue |
------ untitled test 4 T T - —
Add Test Initial void ratic. €, 0.5 [ The data preview allows to spedify the columns which correspond to expected variables.

Remove Test Confining pressure. . 100
5 In situ vett eff. stiess 720 100

" Import experimental data ;
ert, precons. pressure| @ e 100

Load Test(s)

Save Test

1
1

verconsolidation ratio ('R

Ky

Initial K.o coeff.

In order to define a new laboratory test:

1. Preselect the type of test and press
Add

2. Give alabel to the test and define
initial state variables

3. Import test results from an ASCII file

by pressing Import experimental data,
selecting the file, and assigning
variables to corresponding columns

& Import wizard for experimental data_‘

This import wizard allows setting the delimiters the data contains.

Delimiters
Treat consecutiv
Comma % Semicolon Tah
Space Other: Text qualifier

e delimiters as one

B

)

e positive

[Import experimental test data

| First row is header Preview En rows
Data Preview
g [l S " g’ [kN/m*~2] ¥ [ & [ -
|
1| 0.000000E +00 5. 000000E +01 0.000000E +00
2 | B.O0ooooeE -04 B.168721E+01 3.894413E+00
3 1.000000E-03 B.952E2E+01 B.539192E+00
4 1.500000E-03 7.531380E+01 8 436687E +00
5 | 2.000000E-03 7.958536E +01 9.860705E +00

[P || o |

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Import experimental test data

e -

Test Data Input | Data Interpretation ]
Assembly of tests Specimen data 1 B

T™-CD > ] [ Add l Test label PiasekSredni-txcd-sig75kPa . .
— =2 = s IMPOrt prepared data files:
P A DD | s : : :
rawmr | Smbo] v | Und SandMedium-txcd-sig25kPa.pit

Initial woid ratio €, 0.5

L o |
I Confiring pessure 0, 75 SandMedium-txcd-sig50KkPa.pit
I Ir situ wert, eff. stress ”Jm 100
Add Test 7. - . . .
I T Vart recons precare| Tve [0 SandMedium-txcd-sig75kPa.pit
: emove e Owverconzolidation ratio. OCR 2 i]
Import experimental data Iritial Ko cosff. 5™ 1 E] . .
m 1A. In order to import prepared in advance
Save Test and saved experimental data for three
Experimental measurements _ triaxial tests, click right button and select
& [] or' [kN/m*2] & [] g = "= Load test(S)
1 0 75 0 0 E
2 0.001 112 0.00036 -0.00032
3 0.00z2 140 0.000832 0000634 0. 1B. Se|eCt files and open them
4 0.003 162 0000244 0001078 0.
o] 0.004 174 .00 -0.0071495 0.
i 0.005 194 0.001TS RtilInEs et 2. Browse imported resuts by seleacting each
7 0.006 206 ooomzy -0.002365 0 .
8 0.007 216 000137 0002815 0, test separately in Assembly of tests
(4] [ DN

MEB. Compression and contractancy must be positive

[Verif)r consistency of datal [Import experimental test datal

Verification status: Mot verified

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Parameter identification Clayey Sand

&“ Identification from Laboratory Tests

Test Data Input Data Interpretation

Assembly of tests

-

TX-CD -

Lab. Tests Test type
| PiasekSredni-tued...  TX-CD
| PiasekSredni-tued...  TX-CD
¥ PiasekSredni-twed...  TX-CD

Interpret selected n

interpretation

Preview

Graphical interpretation

for retrieved variables H5-small strain parameters

Tests interpretation for model:

Symbeal Unit

Deformaticn

Ref. sg
Stiffng
Refereg]
Un-/rd
Ref. un
Streng

Failurg

Average

Content preview: |£. -o. S Axis Manager

5Ji| Configuration for identification ‘ & e E5

General | Tx-cp | ™cu | cepa |
Stress stiffness dependency

Reference stress

o [ins

Stiffness exponent identification

Use identified values of:

Es - "static™ modulus at eps=0.1%
ES50 - secant modulus at 0.5 of gf

| Eur - unloading-reloading modulus

Secant modulus at £ |0.001

% Show options on identification run

Young modulus identification for linear elastic - plastic models

[ o ]

300 ¢

250+

200—f

s o, [kN/m~™2]

] [ Cancel

1. Move to Data Interpretation in order to
interpret three selected laboratory tests (only
checked tests are interpreted)

2. Run parameter identification algorithm by
pressing Interpret Selected

3. Configure identification algorithm; in this
case, define the identification of stiffness
power law exponent m based on the values of
modulus E,, derived from unloading-reloading
cycle

5
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Exercise 2 - Post-processing of results

% Identification from Laboratory T |- i

Test Data Input Data Interpretation |

Assembly of tests Data interpretation Graphical interpretation

T¥-CD = ] Preview for retrieved variables H5-small strain parameters Content preview: | p'-g -

Tests interpretation for model:

Lab. Tests Test type
- || PiasekSredni-txed...  TX-CD Symbol Unit Average  rgdni
|+ PiasekSredni-txed..  TH-CD Deformation
" || Piaseksredni-teed...  TH-CD 250
Ref. sec. modulus at 50% of g H__:'l'l"r [kMAm™2] 24319.4
Stiffness exponent - i 0.545674 *—* MasekSredni-txcd-sig25kPa
" s=—s PiasekSredni-txcd-sig50kPa
Reference stress Tief [kM/m™2] 1aa0 s—s FasekSredni-txcd-sig75kPa
Un-/reloading Poisson's ratio Uyr i} nz ™~ 200
¢
Ref. un-/reload. modulus Bt [kN/m™2] 72657 £
Strength E
Failure cohesion Cy [kH¢m"2] 1.32900 = 150}
Failure ratio _Hf i} 0.897333 | E
Failure fricticn angle é; [deq] 37754 bt
Dilatancy £ 100}
=]
Dilatancy angle g_‘; [deq] 743472 E
Maximal void ratic i i 0533672 1 g
Initial state 50 b
Ko coeff. for NC soil K 1 0.387727
1. Browse values of parameters identified 0 et T 130 io
. . . 7 J ~
for the chosen constitutive law, i.e. HS model, Effective Mean Stress p' [kN/m~2]

and other identified variables

+| Legend Save Chart

2. Leave the identification tool by clicking OK
Interpret selected [4] [ [+]

o[ ane

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Post-processing of results

File  Opticns View Tools Help

Material Data Parameter Summary | Laboratory Test Simulation ]
Material label: Piasek sredni Parameter Selection
Material type: Soil S Export user's selection to: [Test simulation S l [ Export ] Preview content: | Basic =
Select Material Behavior Type [ User's selection <« Checked | or drag-and-drop to assign user-selected values
Gravel —
Sand meter Symbol Unit Uszer's selection  Automatic TH-CD =l
Silk
Clay Iniit wieights
| nit weight v [kMN/m™3] |0
|t waeight af Fuid "‘,r'_lr [kN/m™3] |10
Initial void ratio € L 05
it e i y kM /™3
Set basic material properties Unit weight of ciy sol D 185
“lagtic
SRR ks Ref. un-freload. modulus Eref [kMN/m™2] | 20000 72EET7
O P IIn-/reloading Poizson's ratio Uy [I] 02z 0z
Stiffness exponent m T 0545674
Assistance in model preselection -
Reference stress Tref -[kN fm”2] 100 100
Available constitutive model formulations: L .
Small strain stiff. active
HS-small strain stiffness S [%‘ N vref -
] Rl initial stiff. modulus E [kN/m™2] | 240000
Smallstrain threshold Yo7 [0 Joomz
dorlinear
Help for current model ]
Failure fiction angle o 30 37.754
Dilatancy angle ¥ 0 749472
s Failure cohesion Cr [kN/m"2] |20 1.32401
Determination methods: Ref. sec. modulus at 50% of gf !-.'_.:'L'If [kN/m™2] | 25000 24319.4
Automatic via literature database and v Buto. eval of M and H 1 L3
d Interacti lati induding in situ
p A - i=ractive | conreations including in < Ko coeff, for NC sail | KkeNC | o5 0.387727
Reference oedometric stress Ir'}r [kN/m™2] | 200
__Idenh'ﬁcaﬁon via laboratory test data i .“:IIJr -
Fef. oedometric rmodulus I;r:l i [kN/m™2] | 25000
Freove nen | rr——
sovred 1. Column TX-CD has been updated

2. Press Automatic and Interactive Selection to

Rafal Obrzud

—_—
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Exercise 2 — Estimation based on available data

Xloasicsoitsetwpp |

Soil Behaviour Type: ) Stress History: ) Soil Density: * Gradation: * Particle shape: State: )
Unknown - Unknown ~ | Unknown 2 | Unknown + | Unknown ~ |Dry (5=0%) - :
Gravel Very loose Well-graded Angular Humid {5=1-25%) @ L
Loose - Subangular Damp {5=26-50%) parameter
Silt Overconsolidated Moist (5=51-75%) selection
Clay Heavily overconsolidated Dense Rounded
i _ffvery dense a - . - Reset All Data
@ v Known soil properties _'3 MB. If specified, the values of basic soil properties have supremacy over 'Basic soil setup’
Material name I Mo name I
Elastic modulus . E [kPa] 1. Define general soil description
Weight / unit volume ¥ [kMN/m’]
Friction angle o 37|[deg] 2. Introduce known values of soil properties
Cohesion C 1.3 [kPa] n
Vert. eff. stress at characterization (also those identified from laboratory test)
bl
or in the middle of soil layer . [kPa]
Overconsolidation ratio OCR ] 3. Introduce the results obtained from shear
Initial void ratio =2 [-] .
e wave velocity measurements
-
(® Weight of dry soil Yo [kN/m’]
- . )
O weight oF saturated sal [kN/rm’] 4. Run basic parameter selection
@ [ Physical soil properties
@ [ Soil type specific properties
@ [+ In situ test results
Standard Penetration Test (SPT) Seiemic tests [ SDMT [ SCPT [ Other geophysical test)
bl ]
Mumber of blows Ngo Shear wave velocity V. 175|[m/s]
bl ]
Vertical effective in situ stress Ty [kPa] Soil density P 2.05|[g/cm’]
bl ]
Overburden correction factor Cu [-] Vertical effective in situ stress Ty 80|[kPa]

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 - Final selection & exporting parameters for simulating TXCD .

Parameter Summary Laboratory Test Simulation

arameter Selection - .
e 0. Leave the dialog for automatic
Export user's selection to: | Test simulation S Export Preview content: | Basic = . .
User's selection << Checked nﬁ-drop to assign user-selected values an d Inte ra Ctlve pa ra mEte r
Symbol Unit User's selection  Automatic Interactive TH-CD TX-CU TX-C = eStlmatlon - Update and EXIt
e [kN/m"2] | 72857 40000 40000 | 72657
B i o2 0z V02 1. Mark all parameters from
m I (0545574 0563 0.563 | 0.545674 column TX-CD
Toef [kN/m™2] 100 100 100 | 100 N .
1 2. ... and selected values in
B [kN/m™2] | 230267 230267 | Z30287 .
Yo7 i 0.00017 0.00017 /| 0.00017 column Interactive
P [dea] |37.754 35 7 | 37.754 .
o) |72 3. Move marked values using
Cp [kM/m"2] |1.32901 1.3 1.3 ¥ 1.32901 Copy checked to user’s
oue) [kM/m™2] |24319.4 10000 10000 | 24719.4 .
el 1 selection
Kol i 0387727 0434 0,338 V| 0387727
o [kNAm"2] | 251 251 | 251 . .
el kM/m"2] | 10000 10000 ¥ 10000 4. Inorderto verlfy effectivness
FOP [kN/m2] |0 i . .ps .
OCR/S 1 - o of parameter identification,
K" 0 Joserrar 0.3%8 export user’s selection to Test
simulation; you will be asked
whether you’d like to
K, i 0,577 n 0614 ¥ 0577 automatically move to
K, ., ) ) ] . o
- L Jusm nen v os Laboratory Test Simulation

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Reproducing results derived from drained test

Parameter Summary

Test preselection

Laboratory Test Simulation
data for test simulation

¥| Use real test data

Simulate selected test

. Tests
vl PiasekSredn

Initial state variables

Pararmeter Symbuol

Initial woid ratio £,
SEE Confining pressure

T
i-tucd-zig2Bkl Tx-CD 7
j-bacd-i In gitu wert. eff. stress

zekSredn

Yert, precons. pressure Y e

|AIIOW5 selecting the tests to be simulated.
Iritial Ko cosff. T K™

Model parameters

Parameter
Small strain stiff. act...

Ref. initial stiff. modulus
Small strain threshold

=I- Menlinear
Failure friction angle
Dilatancy angle
Failure cohesion

Ref. sec. medulus at 50...

| Auto. eval. of M an... | Compute M,H 1

Ko coeff. for NC soil

Reference oedometric 5.,

Ref. cedometric modulus J-.'r:'".
Preoverburden pres... g

@) Overconsolidation .. () R HS

Stress reversal Ko coeff.
Consolidation KoNC
@) Consolidation isotr.,

Consolidation aniso..,

[

Graphical interpretation

Simulate all cheecked

+STRUCTURES
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- Content preview: |g. -0, 3]
Value Unit
os [0 |
75 PiasekSredni-txcd-sig75kPa
100 ' ' ' '
200
2 300 ,
#--» gxperiment
! ™~ o e sir:ulation
€
£
E 250
Show advanced parameters =
B
Symbol Unit Value Last sp w200
g
ol [kN/m~2]| 230287 230287 2
o7 [0 Joooor7  o0gamz % 1501
1. Inorder to verify effectivness of
oy [ Ideg] |3775¢ 37 . Y . e
o [ ideql J740a72 74 parameter identification move to
¢ ([kN/m"2]|132901 1 Laboratory Test Simulation
prel /m? ; i
Fan [kN/en?2) 205194 1 2. Select drained test in the test s
KoNC | 1 Jo3s7mzr o preselection (TX-CD) and enable
ref — .
or [kN/m*2)[251 25 Use real test data to simulate the
f [kN/m~2] 10000 10 df
— ; tests used for parameter
(o) 24 identification (notice that the
- 5K e« ege . . View Lo
Ky Lo s ! initial state variables and loading
program have been already
defined).
3. Select one of tests
4. Press Simulate selected test
5. Compare model responses with
laboratory curves




Exercise 2 — Parameter identification for Clay

| Materialz Iﬁ [
b aterial definition Cl a.y - d ata

s Madity Delete n 3 undrained triaxial tests

Determine parameters |

Lizt of defined maternals

I arne | Cont. /Struct. type | b aterial formulation | [¥ Elaztic Open . . .
1: Sand Medium Contirwum HS-zmall ztrain stiffness ¥ Urit weight 0 General SOll deSCI’I pthﬂ
2 Clayey Sand Contirwum HS-zmall ztrain stiffness A sl ( arameter eStI matIOn .I:rom
Continuum HS-zmall ztrain stiffrezs p
4: Seepage Seepage Seepage | ncom plete d ata)
[v Flow Open
. S = V, (determining E,)
1. Select Clay (material #3) )
[+ [ritial Ko State Open
H [ Heat
2. Press Determine parameters S DMT. CPTU
 Stabily (determining OCR)
| Damping
Add zelected matenal to database | Import matenial from * MNP |
Help for curent model |
W Advanced Help Cancel | k.

Assistance in parameter determination
S Rafal Obrzud
¢ 26.08.2015, Lausanne, Switzerland
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Exercise 2 - Import experimental data (undrained tests)

Test Data Input | Data Interpretation n
Assembly of tests pecimen data

TX-CD - ] [ Add ] Test label Glina-tocu-sig200kPa
Lab. Tests *  Test type Test type ecy
Glina-txcu-sig50kPa TX-CU )
Glina-tecu-sigl00kPa TX-CU fElea e
- Glina-tecu-sig200kPa . rameter Symbo Yalue
P Initial woid ratio| €, 0.8
nfining pressure | . 200
Import experimental data |5 pore pressure g 0
m wert, eff. stress ”Je-u 125
Save Test BCONE. Pressune Crlw 625
Owerconzalidation ratio. OCRr 5
Initial Ko coeff. | K™ 1

Experimental measurements

Detailed Specimen Record

Lnit

kM /m™2]
[kM/m™2]
kM /m™2]
[kM/m™2]

dilils

a [] oy [kN/m*2] u [kN/m*2] § o [kN/m*2]2

1 0 200 1] 200
2 0.0005 228.029 9.34567 21869
3 0.001 250,249 16.7486 233
4 005 268124 227067 245.41
5 0.002 282,742 275796 28516
E 0.0025 294.88 .6254 263.28
7 0.003 305.095 35.0306 270.06

8 00035 313739 37.932 275.867 « |

(4] [ D

MB. Compression and contractancy must be positive

[‘uferify consistency of data ]

Import experimental test data l

Verification status: Mot verified

Load test from files:
Clay-txcu-sig50kPa.pit
Clay-txcu-sig100kPa.pit
Clay-txcu-sig200kPa.pit

ﬂ Interpret selected

1A. Import prepared in advance and saved
experimental data for three undrained
triaxial tests, click right button and select
Load test(s)

1B. Select files and open them

2. Move to Data interpretation tab widget

3. Runinterpretation of laboratory curves by

pressing Interpret selected

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland

&

since 1985

+STRUCTURES




Exercise 2 - Setting options for identification

f & Options liléj / %) Options @Iéj\

General TH-CD TH-CU QED-IL General TX-CD TX-CU OED-IL
Stress stiffness dependency Identification setup
Reference stress Failure criterion
o | 100.0 Failure identified from:

@ Residual stress (peak if residual not reached)

Stiffness exponent identification Peak stress

|se identified values of:

Strength parameters
| Es - "static” modulus at eps=0. 1% | Lo

Effective parameters derived from:
1 | ES0 - secant modulus at 0.5 of gf
% pore pressure

Eur - unloading-reloading modulus o ) ) ]
deviatoric stress (full saturation of specimen required)

Young modulus identification for linear elastic - plastic models Unloadingreloading stiffness modulus

Secant modulus at £ | 0,001 O Identification from |First ¥ | cyde(s)

Enhanced Identification

1. Define the identification method for the exponent m R _EE':'
(stiffness power law) based on identified values of E,, e
¥ show options on identificatio] 2.  Define the identification method for effective strength oK Cancel
parameters

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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NB. Effective strength parameters from undrained triaxial tests

G1—03
Normalized 15—
deviatoric
stress ] According to the
| e T report the degree
1.0 = — . .
| P T — of saturation in
e — specimens:
=
4
LA 100%, 100%, 96%
(+
3 10 15 820 [‘y]
1 0
| -
Pore . . Ultimate state based
200 . ,
ressure _— on maximal g/p
p =
] ] — | criterion
Maximal . a ° — ol according to
| —T 7 T ] . .
pore / interpretation by the
pressure 100 /il\ = —Q——— — | —QQ testing |ab0rat0ry
f’f / —
50 /
0 t
3 10 15 20
€1 [%]

Assistance in parameter determination
S Rafal Obrzud
¢ 26.08.2015, Lausanne, Switzerland



NB. Effective strength parameters from undrained triaxial tests

/

/

[~

q=01-03 [kPa]

360 T | | | 4
" zed
3300 M=0.9089 y.
7/
= .'{
- 7
I

L1 TR n J ; I
100 200 300 400 500 600

od /
150+ AL A

1504 1 I.
ot / \| max Au JJ \x |
T / Li ‘
V

90} v Li E
” ://// ff \}/ : f'/ -'}
¥ . | .~’
30:// ! / .l'rl
S0 SR "SR "ELEPY VALY FLILI PARLELSY P P LRI LI PN B

p' =(Gy'+2 G3") /3 [kPa]

Assistance in parameter determination
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Exercise 2 — Post-processing of results

Material Data Parameter Summary | Laboratory Test Simulation ]
Material label: [Glina| ] Parameter Selection
Material type: [Soil S ] Export user's selection to: [Test simulation = l [ Export l
Select Material Behavior Type
Gravel
Sand Symbol Unit User's selection  Automatic Interactive TH-CD
Silt
Clay
~ [kM/m™3] |0
Ty [kM/m™3] |10
€0 mE
7 kM/m™3
Set basic material properties T 185
Setin situ test data E,',','.f [kN/m™2] | 20000
Material Formulation Yur 02
Assistance in model preselect m T_jos
szistance in model preselection Tret [KN/m2] | 100
Available constitutive model formulations:
. - e - e
HS-small strain stiffness = ] H[ilf [kM/m™2] | 240000
Yo7 0 Jooz
Help for current model ]
b [
W | degl o
Parameter Determination (If [kM/m™2] |20
Determination methods: i ""..-::nf [kM#m™2] | 25000
Automatic via literature database and Compute b.H 1
and Interactive correlations incuding in situ
Selection test data [ KoNC l I ] a5
ref P
a [kN/m™2] | 200
o [kM/m™2] |0
o HS
OoCcr™ [0
K" 0s

Preview content: | Basic =

[ User's selection << Checked | or drag-and-drop to assion user-selected values

TX-CU

BE021.5

0EINM
100

26.4378

0785824
19832.9

0553836

TA

C

K1l

—
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1. Column TX-CD has been updated

2. Press Automatic and Interactive Selection to estimate the

remaining parameters
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Exercise 2 — Estimation based on available data

Basic soil setup
h h] b b
Soil Behaviour Type: Stress History: Soil Consistency: Plasticity: Organics Content: State:
Unknown -~ IUnknown Dry (5=0%) -
Gravel Mormally consolidated Humid {S=1-25%)
Sand Ligthly consolidated Damp (S=26-50%)
Silt Moist (5=51-75%)

Heavily overconsolidated

¥ Known soil properties _'3 MB. If specified, the values of basic soil properties have supremacy over 'Basic soil setup’
Material name MNo name
Elastic modulus E [kPa] . . .
e - /] 1. Define soil properties
Friction angle ? 26.3)ldeg] 2. Introduce parameters determined from
Cohesion C 1 [kPa] . .
Vert. eff. stress at characterization trlaXIaI tests
or in the middle of sail layer b G [kPa]
o 3. Introduce other known parameters
Overconsolidation ratio OCR [-]
'“‘“E"’h‘“d LT € 08 1] H 4. Insert the value of plasticity index being
Unit weight setup . .. .
@ Weight ofdry sol o 16.5 [kN/m] used for identification of y, ,
("1 Weight of saturated soil k Ysar [kNrfmj]
[~ Physical soil properties
M Soil type specific properties
— Coarse-grained soils — Fine-grained soils
Coefficient of uniformity Cy [-] Plasticity index Pl 30|[%]
Coefficient of curvature Cy [-] Liquid limit wy [%]
Content of fine particles i [%] Unconfined compressive strength Q. [kPa]
Relative density D, [%] Undrained shear strength Sy [kPa]
Effective vertical stress for 5, h O'yg [kPa]
Compression index Ce [-]

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 - Introducing data from field testing

[+ In situ test results

— Standard Penetration Test (SFT)
Number of blows Nso
Vertical effective in situ stress X 'y [kPa]
Overburden correction factor ’ Ch [-]

— Marchetti Dilatometer Test (DMT) n:
First DMT reading ’ Po 952 [kPa]
Second DMT reading ’ Py 1149 [kPa]
Hydrostatic pore pressure Ug 50 [kPa]
Effective in situ vertical stress X 'y 140 [kPa]
Material index ) I 0.218|[-]
Horizontal stress index ) Kg 6.44 [-]
Dilatometer modulus ) BN 6836 [kPa]
Dimensionless unit weight Yol Tw 2.05 [-]
Soil Behaviour Type: ’ Clay

— Seismic tests ( SDMT f SCPT [/ Other geophysical test)
b |

N :

Shear wave velocity W, 255_|[mf5]
Soil density ’ 2] 1.9 [gfecm’]
Vertical effective in situ stress X 'y 140 [kPa]
— Cone Penetration Test (CFT/CPTU) 4“

Corrected cone resistance ) d; 2120|[kPa]
Pore pressure behind the cone U, 860 [kPa]
Friction sleeve resistance f. 115|[kPa]
Total vertical stress ) Gy 190 [kPa]
Hydrostatic pore pressure Ug 50| [kPa]
Effective vertical stress 'y 140 [kPa]
Dimensionless unit weight Yerrd Yu 1.91 [-]
Normalized cone resistance ) a, 13.8 [-]
Pore pressure parameter A B, 0.42 [-]
Normalized friction ratio ) F, 0.0596[-]

|

Run Basic Parameter Selection

Introduce the results of shear wave velocity measurement

Introduce representative results obtained for this soil layer from CPTU

Introduce representative results obtained for this soil layer from the dilatometric test

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland




Exercise 2 — Automatic Selection: post-processing of results

Shear mechanism
| b p-
Friction angle Help | & 26.5 [deg] 19.00 25.50 31.00 5.64 E| €3
= | | b | b |
Dilatancy angle Help | w 8.5 [deg] 6.33 8.50 10.30 4.25 E| &3
Cohesion Help c 1 1.00
Failure ratio R; 0.90
[ Tensile cut-off Tensile strength f;
[ Dilatancy cutoff  Dilatancy cut-off Help | e... 1.80 1.80 1.80 0.78 el €3
Multiplier for Rowe's dilatancy law in contractant domain D
Cap volumetric mechanism
|
H
b |
M
M,H calculator based on oedometric test
Fr
Given:  Oedometric tangent modulus Eges 5250.0|[kN/m?] 3750 5250 8750, 2566 . (X
Reference vertical stress Coed 181.0|[kN/m] 181
N - b | b | | —
Ko coefficient Apply Jaky's formula K" 0.55 0.67 0.57 0.49 0.10 E| &3
Setting initial state variables with respect to the initial stress state
(@) Through overconsolidation ratio Help | OCR 7.25 4.50 7.25 10.00
(") Through preoverburden pressure Help qFSF

1. Move to interactive estimation of the overconsolidaiton ratio OCR from DMT and CPTU results

Assistance in parameter determination
Rafal Obrzud
26.08.2015, Lausanne, Switzerland
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Exercise 2 — Interactive selection: OCR

Overconsolidation ratio Approximative value OCR[-]
Correlation Type Soil Type or Other Auxiliary Data Min Average Max
[ 1 Geotechnical convention |Heavil\; overconsolidated b 4.5 7.3 10.0
hl hl
[~ 2 Empirical Undrained shear strength s, [kPal: not specified NfA NfA NfA
b
Effective vertical stress for S, o', [kPa]: 0
| Specify consolidation mode ... hd
Test Type Measurement or transformed measurement Value Min Average Max
bl bl
v 3 Marchetti's dilatometer DMT 6.20
« Horizontal stress index
¥ 4 Marchetti's dilatometer DMT Kpl-I: 6.44 4.87
b
W 5 Marchetti's dilatometer DMT Medium plasticity soils - N/A 3.75 N/fA
| |
v & Piezocone test CPTU Site-specific empirical coefficient k, [-]I 0.3| 4,14
Total in situ vertical stress O, [kPa]: 190
Effective in situ vertical stress T, [kPa]: 140
b
v 7 Piezocone test CPTU Corrected cone resistance g, [kPal: 2120 4.95
bl
Site-specific empirical coefficient k. [-] 0.55
Pore pressure measured behind cone u; [-] 860
120 Material: Glina Min/Mean/Max 3.75 4.43 4.95
Standard Deviation 0.58
- 10,0 -
e
(%]
O 50
5 Selected value 4,5/ Update HS Menu
- >
S 5o o
£
ﬁ I Q
E 40 a
g
o
20
0.0
- 0 1 2 3 4 5 6 7 8
g Correlation Index
2
Il S Averagevalue=4.43 Min.=3.75 Max.=4.95
4 0
| ¢ 26.08.2015, Lausanne, Switzerland
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Exercise 2 - Final selection & exporting parameters for simulating TXCU

Parameter Selection

Export user's selection to: | Test simulation

Symbol Unit

ErS [kN/m"2] | 860215
Uy I} 0.z

m i 063101
T f [kM/m™2] |00
£ [kN/m"2] | 240000
Tor I} 0.0002
(o [deg] | 264375

" [deg] |0

g [kN/m*2] |0 785824
2l [kM/m"2] |19896.9
Compute M H 1

[ i 0.553836
%ot Cemi
£ [kM/m™2] | 20000
7OF kN/m™2] |0
vy S

OCRM" 0 4.5

KR i 0553836
K. i 0.75
Ky, ] 0.75

-
-

User's selection

Export

Automatic

21000

0.EB6
100

238EER
0000324

25.5
25

1
5250

7.25

1.34
1.34

Preview content: | Basic =

User's selection << Checked | or drag-and-drop to assign user-selected valug

Interactive

30000
nz2
0.5
100

240000

00002

30

0

20
25000

08
200
25000
1]

v 45
ns

05
0.5

TX-CD

TX-CU

| 86021.5

« 0B
w100

| 26,4975

| 0785524
¥ 138359

| 0.653336

TX-C 4

0.

Leave the dialog for automatic and
interactive parameter estimation -
Update and Exit

Mark all parameters from column
,IX-CU” and OCR value from
column Interactive

Move marked values using
Copy checked to user’s selection

In order to verify effectivness of
parameter identification, export
user’s selection to Test simulation;
you will be asked whether you’'d
like to automatically move to
Laboratory Test Simulation

Rafal Obrzud

Assistance in parameter determination

26.08.2015, Lausanne, Switzerland



Exercise 2 — Reproducing results derived from undrained test

1
2

3

Parameter Summary Laboratory Test Simulation
Test preselection
TX-CU S

¥| Usereal test data

Lab. Tests Test type
¥ [Glina-txcu-zighlkPa TH-CU
¥| Glina-txcu-sigl 00kPa Tw-CU
¥ | Glina-txcu-sig200kPa Tx-CU

Parameter

Confining pressure | T,

It situ vert, eff. stress

Input data for test simulation
Initial state variables

Symbol

Imitial woid ratio . €

c

Initial pore pressure Uy

7

)

In order to verify effectivness
of parameter identification
move to Laboratory Test
Simulation

Select undrained test in the
test preselection (TX-CU)
Enable Use real test data to
simulate the tests used for
parameter identification
(notice that the initial state
variables and loading
program have been already
defined).

Press Simulate all checked
Compare model responses
with laboratory curves

econs. pressure. 7
nzolidation ratio . OOR

Iritial Ko coeff, K™

meters

Er
Small strain stiff, act...
ef. initial stiff. modulus
rnall strain threshold
inear
pilure friction angle
ilatancy angle
pilure cohesion
ef. sec. modulus at 50...
M| Auto. eval, of M an..
o coeff, for NC soil
eference oedometric 5.
ef. cedometric modulus
Preoverburden pres..,
@ Overconsclidation r..
tress reversal Ko coeff,
Consclidation KeMNC

|#! Consclidation isotr.,

Simulate selected test Simulate all cheedked Pl

Consclidation anise...

Value Unit
n.g 1]
1100 kN2
0 kN2
125  kN/mZ] |
525 kN2
5 [l
1 I
Show advanced parameters

Symbol Unit Value Last spe =

-.'l:" ! [kM/m*2] | 240000 240000
Yo7 0 |ooooz 00002
fo) f [deg] |264978  26.4978

" [deg] |0 0

Cy [kM/m"2] | 0.785824 0.783824
g [kN/m*2]/198989 198989
Compute M,H 1 1

KeNC 1} 0553836 0.55383¢

ot [kN/m*2]|173 173
£ [kN/m*2]| 20000 20000
g [kM/m"2] |0 0
OCRM n |45 45
KR n Ja 1

Graphical interpretation

Axis Manager

A

Content preview: |, -0

. Glina?—b(cu—lsigwgkpa .
200¢
180
160 |
140t

120

Total Axial Stress &, [kN/m~™2]

100+

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
Axial Strain £, []

Save Chart

Legend
Model: HS-small strain
Simulation status:  COMPUTED, COMNVERGED View Log

+STRUCTURES
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Rafal Obrzud

26.08.2015, Lausanne, Switzerland



Modeling undrained behavior using the HS model

v =0°

TX-CU-1elem simul
200 . . .

—
wn
o

100 F ahbl

Deviatoric Stress g [kN/m~™2]

un
o
T

(?.00 0.01 0.02 0.03 0.04 0.05
Axial Strain ¢, []

y=3°

TX-CU-1elem simul
200 . . .

=
un
o

100 -

Deviatoric Stress g [kN/m~™2]

un
o
T

(?.00 0.01 0.02 0.03 0.04 0.05
Axial Strain £, []

v > 0 shouldn’t be used to
simulate undrained behavior of
cohesive soils !!!

Assistance in parameter determination
Rafal Obrzud
¢ 26.08.2015, Lausanne, Switzerland
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