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Stress dependent stiffness: different formulations

Default formulation in HS SmallStrain :

Advantage: 470170
: m
£_pre| OstC cot ¢ m and E, E,,
= 0]
o +ccot ¢ easy to identify from triaxial test since c; ’

is constant during triaxial compression test
Drawback:

Stress rotation issue in:
- modeling of OC soils with initial K, > 1
- earthquake engeenering

Use the formulation with mean stress p’ as the
reference stress instead (custom option)

Custom option in HS SmallStrain and default formulation in Densification model :
p' jmp Drawback: q

E = Eref( ref
O

mand Es, E,,

not straightforward to identify from
triaxial test p’ varies during triaxial
compression test
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Stress dependent stiffness: different formulations

Custom option in HS SmallStrain: p — dependency

-

HS-small strain stiffness [ =2 |

Standard HS model zetup

oung modulus unl frel. at ref. stress E EOO00D [kMm™2] |
Reference shess for Young modulus - O - 100 [kM ™2 |

Paizzon ratio unl. frel. v nz2

Exponent for poweer (3w 1] 0.45
Loweer bound stiffness cut-off at stress @ 10 [kM /2] |

Small strain extenzion

Active

raf —A
Imitial 'oung moduluz at ref. stress Eo 260000 (kM /m™2] |
Treshald shear strain Va7 0.0002

Selection of stress

- dependency formulation
Stress dependency .

in Advanced mode

) Sigma-3 @ p

/] Advanced Help J l ] 8 J l Cancel J
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Stress dependent stiffness: different formulations

p’ - formulation G, - formulation
1 r11 1 r11
P
E:Ep'ref(irefj g~ 03+ccot¢
o o™ +ccotg

Don’t

% *® Forthe same o’¢ the initial maximal stiffness may be different

ref ref
EX = EST P K, =1

mp;ém if c=0

i ! E Transformation required
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Stress dependent stiffness

Transformation E,%? (") to Ef(o")

1. Determine: E™ ,m for given o™, p,cC

2. Specify: K, and n different o,

3. Make initial guess:

4. Assumption: for each eff. vertical stress o,

E(Eref ’O_ref ’ m) ~ E(E p.ref ’Gref ’ mp)

5. Find Ep'ref,mp which minimize the error
for a system of nonlinear equations

Tyaf = 100 Eref =260000 m=05

$=30deg c=3 8= C'(tﬂﬂ(d’jj_l
Gvi = K‘EI =0a oy, = K'EI'GV 631 = ﬂﬁn(chi,cvijl
a0 30 30
100 oy, = | 60 oq=| 6l
[200 120 120
Ep.ref' =Eyer fmy, = m
Given
m i1+ E-Kﬂl K
os +a g
31 3 V1
Eref" - Ep.ref" =0
Orer+ 2 L Sref i
m 11+ 2Kyl K
Ty +a o
32 3 Vﬂ
Eref" - Ep.ref" =0
Orer+ 2 L Sref i
m 11+ 2Kyl K
o7 +a i
33 3 V3
Erer - Ep.ref" =0
Orer+ 2 L Sref i
i . . 220037 a1l
aolution = Minert| p.ref’mp' = 0452 1

%’ Parameter determination for advanced constitutive models in ZSoil
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Stress dependent stiffness

Transformation from E ;% (¢'%) to Ef(c"%)

o, +Ccotg m

3
o™ +ccot g

E, = E/

=100 E

o tef

rof - = 260000

+

(n)

ref =

[ p.ref
EO o EO

100 EP'

P

ref

m

of = 229938 m = 0,458

p

+? -10 T T
G.52010°

Stifftess modabas
=
i

‘3.5?Ex1|:|+3.1|:|+ I L

40 il &0
S0,

100

120 140

T
Wertical Stress

160

1z0 200
210

Rafal Obrzud, GeoMod SA
» 30.08.2012, Lausanne, Switzerland

g

E
e
+STRUCTURES

Parameter determination for advanced constitutive models in ZSoil



Stress dependent stiffness

Transformation from E,* (¢'Y) to E f(o'¥) using SPREADSHEET

o - L k| —

—_
e

—_ ==
0|k —

14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
a0

31
27

A

B C O E F G H | J K L 1] M 9]
O - dependent stiffness p' - dependent stiffness
Input: Qutput (trendline coefficents):
E.™ 260000 kPa E,f™ 239797 kPa
m 0.5- m, 0458 kPa
o™ 100 kPa EgP = 0.4922
C 5 kPa
& a0 deg
cot{d) 1.73- 500000
a=c*cot¢ 8.66 kPa — 0s
K, ozl 450000 4 |y = 239797045
" 400000 4 RZ = 0999
Fopge| Ste cnnan A
Input Computed variables T T & Plotted variahles ——
o, o= Ko o' e Eol(sig-3)  p' =(0'+20.03| p'iow Eo=Ep(sig-3) E 250000 4
minis'y, o) [kPal _____
10 B B 0955012 7.33 Loooo 1
20 12 121133720 14 B7 150000 -
30 18 18 1287864 22.00 I S
40 24 24 1425436 29.33 0.293 142843 || T o
50 30 30 1550852 3667|0367 1550857 50000 - —Pawer (E0 = E0 (=ig31)
BO 36 36 16EEESH 4400 0.440 16EEES 8
70 42 42 1775300 51.33| 0513 177530.0 . ' ; . '
80 48 48 1877488 58.67| 0587 187748.8 ' p'/ pf]-]
80 64 54 1074395 BE.00 0 660 197439.5 | | | |
100 B0 B0 206676.3 73.33 0733 206676.3
110 GG BE 2155176 80.67 0.807 215517 .5
120 72 72 2240102 ss.00|  0.880 224010.2 1. Ifc =0 then m,=m
130 78 78 2321924 95.33 0.953 232192 4 S ]
140 B4 84 2400959 102 67 1.027 240095 9 2. With INnCreasing C, Iarger
180 ao a0 2477474 110.00 1.100 247747 4 . :
160 a6 95 2551696 117.33 1.173 255169.5 dlscrepanC|es at lower
170 102 102 26238198 124 B7 1.247 262381.9 stresses
18n 0= M9 TROANT 2 137NN 127N TROANT 7
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Stress dependent stiffness: E;; and E,, transformation

Drained triaxial test with the unloading/reloading cycle with Ko=1 and c=0.
In such a case using the previous transformation: E?(o’¥) = E% (¢'¥) and m,=m

however what occurs ...

since

30.08.2012, Lausanne, Switzerland

Increase of stiffness Reference curve for
due to increaSing p, constant 63
_ , _ obtained /|E,(p") > input E . (5;)
obtained Egy(p’) > input\Esy(o;)
1000 N 1000 — ZOoOMm
A f,/c// 900 -
80§ 1 800 -
w|  700¥ E T 700 -
= 4 =
| 600 - 3 T 600 -
i q
S| 500 - y S 500 -
i ©s
8| 400 - 3 > § 400 -
s 2 &
] 3 ]
gl 300 y 8 300 -
3
200 4 200 -
100 —a— HS-SmallStrain: Sig3-dependency 100 - HS-SmallStrain: Sig3-dependency
—e— HS-SmallStrain: p-dependency .
—e— HS-SmallStrain: p-dependency
C T T T T T O T T T T 1
001  7E-17  0.01 0.02 0.03 0.04 0.05 0.06 0.014 0.016 0.018 0.02 0.022
Axial strain g, [-] Axial strain g, [-]
%’ Parameter determination for advanced constitutive models in ZSoill <
118 Rafal Obrzud, GeoMod SA ﬁﬁdp‘ ‘



Stress dependent stiffness

. .ref f .ref f
Transformation ES™ (o) to ER™ (™)

&

2sin(¢)
1. Determine: Q; = . o, +Cccot for given ¢,c and 0;=0
f l—SIn(¢)( 3 (¢)) g ¢ 3
D' mp
_ _ [ p.ref
. Take p-stress dependency law: E., =E&" (?j
. Assumptions: EX (™) =EZ™ (™)

Introduce assumptions to the

o.ref
E p.ref E50
50

p-stress dependency law:

0.5q, My
O_ref

The same approach can be applied to transformation of
the unloading-reloading modulus = cof ( ref)
' O

ur

ref

0.59;

@
5
3
8
2
8
&
—

—
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Stress dependent stiffness

Transformation

==
\J_._DLCID:IHD‘.IU“I-EI'_AJM—'-

A

ES™ (6™ ) to EL™ (™) using SPREADSHEET

B C [l E F 5
- dependent stiffhess
Input:
Eay™ 14000 kPa
= BO0DO kPa
gef 100 kPa
C 0 kPa
i a7 deg
M, 046 - *ohtained for transformation of Ey
o= 302.28 kPa
gy = —(53 +cc0b¢r)
1—sing
d k. L I O F
p' - dependent stiffhess
Output:
Eso"™ ' 11577.5 kPa
E,"™  49617.8 kPa
Eﬁnp.refll.- Eﬁnlﬂ.ref 0a77 » _}'ef E 5|':l|':|. J’Ef
50
i
0.5¢ s F
o ref

sssss
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Stress dependent stiffness

Simulation of a drained triaxial test with the unloading/reloading cycle with K,=1 and c=0

Deviatoric stress q [kPa]

Without transformation
for the same input value of Eg,

1000

900 -

800 -

700 -

600

500

400

300

200

100

lalad g g g 0 o 2 o

[T
s s as e s a2

—a— HS-SmallStrain: Sig3-dependency

—e— HS-SmallStrain: p-dependency

0

0.01 0.02 0.03 0.04 0.05

Axial strain g, [-]

0.06

With transformation
for the same input value of Eg,

1000

900

800

700

600

500

400

Deviatoric stress q [kPa]

300

200

100

Q@) Discrepancies may arise with the increasing cohesion

05=345 kPa

—a— HS-Std: Sig3-
dependency 345 kPa

—e— HS-Standard: p-
dependency 345 kPa

slope E50

0.02 0.04 0.06 0.08 0.1 0.12

Axial strain g, [-]
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Stress dependent stiffness

Transformation EG™ (o™ )to  ER™ (6™)

f 0.5q, >0, eg.for (¢#>30°c=0)

Ea.ref
E p.ref 50 .
50 ~ m glives
0.5q; | '°
ref
E p.ref
else it would give = —>1
50

] Ep.ref ~
1\ soif 0.5q; <o, apply 50

p.ref
ESO

o.ref
E50

o.ref
ESO

ref

0.5,

m

P

<1

£ Parameter determination for advanced constitutive models in ZSoil
Rafal Obrzud, GeoMod SA
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Stress dependent stiffness

Transformation from E%? (¢'%) to Er(c%)

p.ref p* mp .
E=E appliesonlyto £, E,, E5,

ref

In the current version (v2012), the evolution of the preconsolidation parameter
remains as follows:

/ m
P + ccot o )

Oref + CcCOL O

dp. = —H (

Note that parameter transformation should not apply to E,,, because this
input parameter is not a model parameter and it only serves as the reference value
for calibrating parameters M and H.

NB. E,,,is referred to the vertical stress in the oedometric test.

Parameter determination for advanced constitutive models in ZSoil ,
Rafal Obrzud, GeoMod SA ﬁﬁOD

» 30.08.2012, Lausanne, Switzerland

* Qﬂ
L — —
STRUCTURES



Stress dependent stiffness: Comparison of different formulations

London Clay - tunnel excavation (addenbrooke et al., 1997)

Problem statement FE mesh

7 PRESSURE BC SEEPAGE elements around
Sand AV imposing hydrostatic the tunnels simulating free
Thames Gravel = ground water pressure drainage during excavation
#'=35% ¢ = 0kPa
London Clay 5 | Eastbound
§=26°, ¢ = 5kPa tunnel
D=4 75m

T
o

D=d.75m

Dvainage prior
installation of the
tunnad lining

Westhound == ‘@‘
tunnel
|
|
3 |
|
"

Woalwich and
Reading Bed Clay

BEAM elements simulating

the tunnel lining +

INTERFACE between soil

and lining

=277, ¢ = ZD0kPa

Input files:
HS-small-Exc-London-Clay-2phase.inp

HS-std-Exc-London-Clay-2phase.inp

Parameter determination for advanced constitutive models in ZSoil
Rafal Obrzud, GeoMod SA
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__Stress dependent stiffness: Evolution of principal stresses

}T\i;[iaI'Statxe ‘é

% Kl Bl ><><><><><
+ ‘?ﬂ SO K R X
pERtinee e
ﬂﬂ‘aam‘%%“%*{%%{%‘é
AR e

A 4 [+ F [+ ] o [x|x| %

In o5 formulation
stiffness depends on
minor stress ...

I Q’ i\Ob% Unloéding

WD ~ X750

00"«"'%0 L

f

AN R ey . ' i
— minor ¢ = 356 kPa E%%%::i%:g?g J ooé% minor o = 164 kPa ~
¥ — , QA [ 0’ =
s S .
g-RESSES i x ROLCNEEY S ++JF‘1’r—___ XN X M;(N #

License C GEOMODZ2011  Project - HS-small-Exc-London-Clay-Zphase  Date 25 82012 0:40

Parameter determination for advanced constitutive models in ZSoil
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Stress dependent stiffness

Parameter migration for London

o5 - dependent stiffness

clay

p' - dependent stiffness

Input:
Eoref

cot(o)
a=c*cot¢
Ko

390000 kPa
0.75 -

360 kPa

5 kPa

25 deg
2.14 -

10.72 kPa

1 -

Eop.ref

mp

Output (trendline coefficents):
390000 kPa

Eop.ref / Eocs.ref

o5 - dependent stiffness

Input:

E ref

50
E ref

ur
Gref
C
¢
mp

_ _ref

g (03=0

35000 kPa
75000 kPa

360 kPa

5 kPa
25 deg

0.706 -
542.71 kPa

The same
Eoref

p' - dependent stiffness

*obtained for transformation of E

f

_ 2sing
_—1—sin¢(03 +Ccotg)

Output:
Eso”™ 28668 kPa
E.”"™ 61431 kPa
Eso” "/ Ego® ™' 0.819
Different

f f
E,," and E ™

since
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Stress dependent stiffness: ¢; vs p’ formulation

Excavation of Westbound Tunnel

E
£
c
Q
€
2
a e Field data
Q
o
£ )
= -=-HS-Std: Sig3
v

-25

-=-HS-Std: p
1st tunnel
-30
-10 0 10 20 30 40 50 60

Offset from the westbound tunnel [m]

Even if
Ego%% > EgpP

3
Eurc > EurIo

since
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Stress dependent stiffness: ¢; vs p’ formulation

Excavation of Westbound Tunnel

° Loeereeer
® el —

‘€
£
c
Q
€
2
s e Field data
Q
o
£ )
S ---HS-Small: Sig-3
v
-25 )
~+-HS-Small: p Even if
E o3 - E P
1st tunnel 0 0
-30 ;
-10 0 10 20 30 40 50 60

Offset from the westbound tunnel [m]
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Stress dependent stiffness: ¢; vs p’ formulation

Excavation of Westbound Tunnel

%, be
}gf .
24 b 4 --HS-Small: Sig-3

L
26 %«"
VG L ad v -»-HS-Small: p

30 | \
32 K )

Distance from surface z [m]

\A—/
34
36
38
40
-100  -75 -50 -25 0 25 50

Vertical displacements in tunnel axis [mm]
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Rafal Obrzud, GeoMod SA
30.08.2012, Lausanne, Switzerland

g
g
—_—
STRUCTURES

| +




Initial stiffness degradation
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Tangent stiffness degradation

'II“ of 398254
AE, = E,(Excavation T=520hr) —E(InitialState) __

-355429

-333316
-318603
- 2498690
-27E7TE
- 258863
-238952
-219040

-1899127

5y

-179214

-159302

-1:39385

-119476

-899563

-T9651

-58735

Q .
o, - dependency W/\\_,,/j p - dependency

Parameter determination for advanced constitutive models in ZSoil
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Definitions used in this presentation

Parameter determination refers to a reliable assessment of design soil

properties which allow us to reproduce soil behavior by means of a
numerical analysis assuming that an adequate constitutive model has been
chosen.

Parameter estimation refers to evaluation of values of model parameters by
using empirical correlations obtained through statistical regression
analyses. Such correlations relate test measurements with a constitutive
parameter.

Parameter identification refers to deterministic algorithms which are
developed for given constitutive model and test geometry. These
analytical solutions allow us to directly identify model parameters from test
measurements.

Parameter optimization refers to minimizing the difference between results
obtained from a numerical simulation and experimental curves (i.e. curve-
fitting). This procedure may consists of an iterative minimization of the
defined objective function using a gradient-based optimization algorithm.

@
5
3
8
2
8
&

—
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Parameter identification

1. Parameter identification from laboratory curves |
A. TXC: g;-q, &~ &,

B. OED: o, ¢,

— Current works

2. Reproduction of laboratory curves with a given
constitutive model

3. If the level of fit unsatisfactory -> optimization

%’ Parameter determination for advanced constitutive models in ZSoil ey D
g Rafal Obrzud, GeoMod SA ﬁﬁdn :
5 30.08.2012, Lausanne, Switzerland
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Parameter identification from laboratory curves

Analysis using a spreadsheet

example of parameter identification from triaxial compression test

Sample 0.6m 3.0m Mean

o5 [kPa] 34.5 138 345 34.5 138 345

——>| g [kPa] 112.3 417.7 994:4 114.9 417.9 994.9|

o [kPa] 146.8 555.7 1339.4 149.4 555.9 1339.9

——— > p(ay) [kPa] 719 2772 6765 728 2773 676.6

Identification ¢ and ¢
M [-] 1.488 1.482
c* [kPa] 5.262 7.06
¢ [deg] 36.6 36.5 36.5
c [kPa] 2.6 3.5 3.1
Identification R;and Esy(os)

_— > a| 8.48E-03 2.12E-03 8.82E-04 8.40E-03 2.11E-03 8.75E-04

_ > b| 5.01E-05 3.68E-05 1.57E-05 4.90E-05 3.68E-05 1.65E-05
Rel-] 0.95 0.89 0.88 0.97 0.88 0.87 0.92

E5o [kPa] 9988 13605 31786 10210 13576 30358

Identification Es,™ and m

In Egp 9.21 9.52 10.37 9.23 9.52 10.32
Gt [kPa] 100 100 100

a 0.367 1.367 3.366 0.375 1.363 3.339

In(a)] -1.001 0313 1214 -0981 0309  1.206
m [-] 0.521 0.494 0.51
Eso® [kPa] 16012.7 15820.5 15917,

a=(o3+ccoth )/ (os+ccotd )
Identification y

_— d 0.049 0.039 0.010 0.048 0.037 0.011]

v [deg] 1.37 1.10 1.35 1.04 1.27,

+STRUCTURES
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Automated parameter retrieving

Example of an automated parameter identification

0.54 —— T — T — T T T

‘ e—e |ab data |

0.52

0.50

Input parameters:
0.48 pp

€, 0.536
7,5 50.000
Output parameters:
C.:0.083
0.46 X 0.036
C.:0.004 :
0002  retrieved
o,.: 84.623
0.44 R R R e OCR: 1.692 parameters
10 10° 10? 10° 10° 5"/: 400.000
logs, [kPa] E"]: 16257.486
%’ Parameter determination for advanced constitutive models in ZSoill N
I |5 . N
|.§ Rafal Obrzud, GeoMod SA ﬁmb
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Automated reconstruction of laboratory curves

Automatic step densification

in case of model instability because of:

a) “difficult” vector of parameters

b) excessive load increment

0.54

0.52

0.50

0.48

0.46

0.44

.—_‘_‘_h-_-_h-_-_'_'_‘_‘—-—-—

10!

10°

101
logs, [kPa]

e—e [ab data
e—e simulation
C.:0.083

A: 0.036

C,:0.004

k: 0.002

0, 84.623

OCR: 1.692

o"!: 400.000

E": 16257.486

HSsmallstrain parameters:
E;: 80000.000
E7/: 48000.000
E5': 4500.000
a,.+ 100.000

m: 0.800

v, 0.180

¢: 30.000

¢: 0.000

E’!: 16257.486
¢"!: 400.000

¢ =0, 84.623

—
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Automated reconstruction of laboratory curves

0.54

Intersection method

0.50

0.48

0.46

0.44

10

10t
logo, [kPal

0.54

Simulations of OED test with HS model and
prediction of preconsolidation pressure with:

Pacheco-Silva method

0.52

0.48

0.46

0.44

10

10°

10! 10? 10°
logo, [kPal

e—e |ab data
e—e simulation
C.:0.083

A 0.036

C.,: 0.004

w: 0.002

o,.: 144.014

OCR: 2.880

"'+ 400.000

E: 16257.486

HSsmallstrain parameters:
E;*: 80000.000
E™/:48000.000
ELY: 4500.000
a,.7 100.000

m: 0.800

v,.: 0.180

#: 30.000

e: 0.000
E™!:16257.486
"+ 400.000

¢ =0, 144.014

—
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Parameter identification from laboratory curves

Automated reproducing laboratory curves

0.54

Simulations of OED test with different models

HS model

0.52

0.48

0.46

0.44

10

RHHE
10° 10!
loge, [kPa]

e—e |ab data
e—e simulation

C.:0.083
1 0.036

C.: 0.004

x: 0.002

o, 84.623
OCR: 1.692
o™+ 400.000
E™: 16257.486

oed

HSsmallstrain parameters:

E;*: 80000.000
E[/: 48000.000
ELY: 4500.000
o,.7 100.000

m: 0.800

v, 0.180

¢ 30.000

e: 0.000
E™!:16257.486

o™+ 400.000

oed

¢P =0, : 84.623

0.54

Modified Cam-clay

0.52
0.50
= 0.48
o
0.46

0.44

0.42

10

10! 10? 10°
logo, [kPal

e—e |ab data
e—e simulation

Qutput parameters:
C.:0.083

A:0.036

C,:0.004

«: 0.002

o,.: 84.623

OCR: 1.692

o”!: 400.000
E*:16257.486

Cam Clay parameters:
v: 0.300

Pt 78.453

M: 1.200

A:0.036

x: 0.004

NB. Kk correction because identified k/A ratio < 0.1

&
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Parameter identification from laboratory curves

Automated reproducing laboratory curves

0.54

Simulations of OED test with different models

HS model

0.52

0.48

0.46

0.44

RHH—-—-—-

10

10° 10!
loge, [kPa]

e—e |ab data
e—e simulation

C.:0.083
1 0.036

C.: 0.004

x: 0.002

o, 84.623
OCR: 1.692
o™+ 400.000
E™: 16257.486

oed

HSsmallstrain parameters:

E;*: 80000.000
E[/: 48000.000
ELY: 4500.000
o,.7 100.000

m: 0.800

v, 0.180

¢ 30.000

e: 0.000
E™!:16257.486

o™+ 400.000

oed

¢P =0, : 84.623

0.54

CAP model

0.52

0.48 -

0.46

0.44

e—e |ab data
e—e simulation

Output parameters:
,:0.083

X 0.036

,: 0.004

#: 0.002

o, 84.623

OCR: 1.692

"'+ 400.000
E*:16257.486

Cap model parameters:
E: 40000.000

v: 0.300

#: 30.000

c: 1.000

A:0.036

10*

R_H___H‘H
10° 10! 10°
loge, [kPa]

10% p.: 59.236
R:1.389
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0 Introduction
Part 1
d Parameter estimation toolbox v2012

0 Combined parameter determination based on laboratory and field test results
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O Parameter migration from c’; to p’-stress stiffness dependency

L Parameter identification

0 Enhanced parameter identification supported by the gradient-based

optimization
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Enhanced parameter identification

1. Lab test = 3. FE simulation =
experimental data ---- —»  numerical data

v
2. ldentified nitial
guess of parameters

4. Evaluation of
objective function

Gradient-based
5. Optimal —> local search = —
parameter update

model <
parameters

Parameter determination for advanced constitutive models in ZSoil
Rafal Obrzud, GeoMod SA
» 30.08.2012, Lausanne, Switzerland
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Objective function and gradient-based algorithm

Objective Function: Weighted Least-Squares

Sh,)=[y-y'(®b,)] o-[y-y'(b,)]

T T S

vector of vector of diagonal matrix of
measurement numerical results  weights

Gradient-based algorithm: Modified Gauss-Newton

including:
- scaling parameter controlling magnitude of update
- oscillation control

C'xX o X, C+1-m)C'd, =Cc"X. o (y-y'(b,))
bH—l =Py 'dr +br

Parameter determination for advanced constitutive models in ZSoil
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Parameter optimization - setting weights

1 specimen - 2 different experi

mental curves

140 T T T T T T T O.l T T T T T T T T

120} ' 0.0 ele2 ol6-2
— .2 .2 o]
s RETIE ° —_ Jle-2 Lo
X, 100} o2 { = —01f L
o o2 ;} le-2
0 8of s’ 1" —02F  ele2 ° 1
) . fur
— 0 o
H .2 U o .1&-2
v 60} _ _ 15 -03 ole-2 .
5 5 Interactive selection of o
S o : £ ole-2
© data points that are E
S 40 + . . o -0.4 .18—2 g
D o2 taken into account in > le.

iy e-2 &

0 curve fitting olergpie-2

20+ y -0.5 |

o2
0 ’2 | 1 D 6 | | | | | | | |
0 10 12 14 =2 0 2 4 6 8 10 12 14 16

Axial strain

£1

Weighting of data point in terms
of measurement error

Axial strain ¢, [-]

since
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Automated curve fitting

HS model

Initial ¢’ = 84.6 kPa

11—

e—e |ab data
e—e simulation

C.:0.083
) 0.036

C.: 0.004

x: 0.002

o, 84.623
OCR: 1.692
o"!: 400.000
E™: 16257.486

oed ©

0.52

HSsmallstrain parameters:
E;*: 80000.000

E™/: 48000.000

EL': 4500.000

a,.7 100.000

m: 0.800

v, 0.180

¢: 30.000

e 0.000

E™!:16257.486

0.48

0.46

._‘_‘_-___-_‘_-_-_'—\—-———.

| Il
40t 10° 10 a"/: 400.000

logo, [kPal ¢’ =0,: 84.623

0.54

Initial o',

HS model

= 60.6 kPa

0.48 -

0.46

0.44 +

0.42
10

10°

10! 10?
logo, [kPal

10°

e—e |ab data
e—e simulation

C.:0.083
21 0.036

C.: 0.004

w1 0.002

o, 84.623
OCR: 1.692
o"!: 400.000
E™: 16257.486

oed ©

HSsmallstrain parameters:

E;*: 80000.000
E[': 48000.000
EL': 4500.000
7,7 100.000

m: 0.800

v+ 0.180

1 30.000

e: 0.000
E™!:16257.486

a"7: 400.000

oed

¢P =0, : 60.653

Rafal Obrzud, GeoMod SA
30.08.2012, Lausanne, Switzerland
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Potential benefits from parameter optimization

Examples:

v' Determination of preconsolidation pressure from an oedometer test

v' Multiple identification from a large number of specimens and different tests
v' Identification of E;, and m from normally- or lightly-consolidated specimen

v

£ Parameter determination for advanced constitutive models in ZSoil
¢ Rafal Obrzud, GeoMod SA ﬁﬁon
1% 30.08.2012, Lausanne, Switzerland
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Identification of E;; and m

may be affected by volumetric plastic straining in case of
normally- and ligthly overconsolidated soil specimens

a4 }

Qo4

i1+

deviatoric
hardening

] ] ' F
p1 pE Pco &1

Parameter determination for advanced constitutive models in ZSoil
Rafal Obrzud, GeoMod SA
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Identification of E;; and m

Example: 2 simulations for the same E, and confining pressure o, =138kPa
and different p_, = 138kPa (OCR=1) and p., = 690kPa (OCR=5)

450

400 ~

350 4

300 H

250 +

200 +

150 +

Deviatroicstress q[kPa]

100~

50

0+ T T T
a 0.05% 0.1 0.15% 0.2

Axial straing, [-]

Parameter determination for advanced constitutive models in ZSoil
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Future for parameter selection in ZSoil

I. Basic parameter estimation

II. Advanced parameter

estimation GOAL:
III. Identification from All-in-one in a user-friendly and
laboratory curves intuitive graphical user
interface

IV. Reproduction of
elementary tests for Available for different models
selected parameters

V. Automated curve-fitting

Parameter determination for advanced constitutive models in ZSoil 1
Rafal Obrzud, GeoMod SA ﬁﬁon
» 30.08.2012, Lausanne, Switzerland
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Thank you for your attention
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