Parametertolkning i Plaxis for
avanserte modeller
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Motivasjon:

bm
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Fra «Soil modelling», NTNU kurs.
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Et eksempel:

VAR VNV AN AN
§ E = 144015760 kN/m2 (clay) 'E'
o PSS =R E
i E=20700/82800 kNim? (sand) _ | Mohr-Coulomb models =
& MC_1a: constant stiffness E; ¢ g
E=3800/15200 kN/m? ’ .
£ : b4
e e—T———— MC_1b: constant stiffness Es E
—y MC_2a: 3 layers with average -
M ‘ c
! values based on E [
E =6 500 / 26 100 kN/m? £
| > MC_2b: 3 layers with average _%
E = 49 500/ 198 000 kN/m?2 values based on Eg, E
£ o
3 0
e (]
t
=
/]

" A bad A ad 3

distance from wall [m]

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.

sgppel inn 2> sgppel ut
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Begrensninger til Mohr Coulomb model

Modellen overestimerer udrenert skjeerstyrke ved bruk av «undrained A»

t /
CHMC
Curea]
1 [ q ! Stiffness q | dStiﬁ:egs
; radation
Kun en E-modul for MC modell: _ degradation 8
. . . o] .
Kan gi feil estimat pa deformasjoner! J J |
E E. F
w K,
[
E=E,,
€1 & £
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Eksempler pa «avlasting»:

@ Inibal stress condiliors
@ Stress pointafier loading

Retaining walls
71 )

Eksempler pa «palasting»:
@ Initial stress condilions
@ Siress pointafter loading

.od"“’-‘“g
deviatoric WOy i
hardening S

- . s
\)
- K.\’\\
-

isolropic
hardening
_ mechanism

>

2

¥ Groundwater
P lowsering

Non-linear slasbic domain /

Fra «Soil Modelling and Numerical Analyses», AFRY/Chalmers kurs. A F RY
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Ulike moduler for Hardening Soil modell

01-013

Deviatoric stress g

A / / A =7
qf R . f o ' ......................................... 1 ............................................................................
All based of
effective
stresses! So
0.5¢ - need drained
’ r  test
Ei~Ep
o = const. = o3
i ’

Axial strain €1

Fra «Soil Modelling and Numerical Analyses», AFRY/Chalmers kurs. A F RY
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Parametere ti

|Il

Egy/

Eref

oed
o
pref

m

Vur

NC
Ko

Grs

Yo.7
Ky, OCR, POP

2019-10-27 | GO TO HEADER/FOOTER TO CHANGE TEXT

Reference secant stiffness from drained triaxial test
Reference tangent stiffness from oedometer test

Reference unloading/reloading stiffness from drained triaxial test

Reference stress level for which Eg, = ELe/ E,.q = E.*f and E,, = E.*f

oed ur

Power for stress-dependent stiffness

Unloading/reloading Poisson’s ratio

Effective cohesion

Effective friction angle

Dilatancy angle at failure

Ratio between horizontal and vertical stresses at normally consolidated state
Reference Small-strain shear stiffness (HSsmall only)

Shear strain level where shear stiffness G has reduced to 70% of G, (HSsmall only)

Initial stress state parameters (initial stress ratio, overconsolidation)

Fra Plaxis kurs/seminar om Hardening Soil

|Il

hardening Soil/ HS smal

modell

Referanse: 100 kPa
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Stivhetsmodul for HS jordmodell

Shear hardening o3’ +a gref

ccos(@) — o3 sin(y)

Eso = E;’gf — Lgp

Stivhet avhenger av skjeertgyning, tayning og avlasting/palasting.
secant modulus: (

ccos(@) + pres sin()

)

m
——| = Eg
(Pref T ‘1)
Compression hardening o1’ +a ref
= Eoed

ref
tangent modulus:

oed

Eoea = E

(

ccos(p) — a4 sin(p)
ccos(@) + pres sin(g)

;

Unloading/reloading

ccos(p) — o3 sin(¢)

m
Prer T a)
g3’ +a
tangent modulus: — .

m
Eyur = Epy) = Ey = Epy/
ur ur (pref + {1) ur ur c

;

cos(@) + pres sin(e)

Fra Plaxis kurs/seminar om Hardening Soil

Modellen vil beregne stivhetsmodul for hvert «spenningspunkt».
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Drenert stivhetsmodul for HS modell

Fremgangsmate:
1. Tolkning av Eé%b av alle treaksialforsgkene. Det er best @ ha en «drenert» treakisialforsgk (ikke vanlig for leire). Tolk
E..50,1ab Slik:
- Oy
_ o, . c,: undrained shear
2. Finn effektiv E'c E50 strength
U
ro_ 50
E, =fE° .
1 I
1+v
f =15, 08 Hooke e
f~07 Brukes i Nederland Y
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Drenert stivhetsmodul for HS modell

Fra «Soil Modelling and Numerical Analyses», AFRY/Chalmers kurs.

G, - Gy G, -G, Gy - Oy E,
By, Eso m kan variere mellom:
0,8 og 1,0 for leire
&, g i

€

3. Finn ved p, (lik 100 kPa).

Aoy Y 0,5 og 0,6 for sand
. Test1: © Test2: ® Test3: 0,50g0,7 for silt
20 o' .= 50kPa &’ = 100kPa o’.= 200kPa
Esot
EX sand _
leire
> - . i GX'J
P,.s= 100kPa x Prer= 100kPa

4. Bruk «SoilTest» i Plaxis og modeller treaksforsgk ved spenningsnivaer som tilsvarer
labforsgkene.
5. Iterasjon for & finne en fornuftig Ef/ hvor EX ~ EL¢

AFRY

11 2022-11-07 | YNGRES DAG 2022
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Drenert stivhetsmodul for HS

6. Beregn E’ 4 1o, fra odometerforsgkene ved 100 kPa.

— e
O_co_lpf O,

Basically
' N o
Eoed ' .
A pref
1 ref 1
of . _ .
E dref Eoed = m— fO? p."ef = C)-},

v

: [ O
Eoed = Eoe:j {m};]

Soft NC clays: =~ 1 MPa

7. Bruk «SoilTest» i Plaxis for 3
modellere gdometerforsgkene.

po.c= 100kPa G, Hard NC clays: =~ 3 MPa

Fra «Soil Modelling and Numerical Analyses», AFRY/Chalmers kurs.

8. Iterasjon for & finne en fornuftig E7, hvor E"%, ~ E"¢/
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Drenert stivhetsmodul for HS

9. Beregn E, ,q hvis du har det.

For leire:

Eur,oed =a- Eoed and Eu'r = 0.9- Ew',oed

o +a\"
Ey =a-09-E¢ (01, - a) =a-09-E ¢ /(K™
3

Ky = KNC -VOCR,K}Y® = 1 — sin(¢")

Clay (m=1):
S ) ~ ref _ 9 pref ref
Oft : Euroea = 10Eoeq = Eyy) = ——Epeh = (1510 20) - E

oed oed

0
SHiff : Eyroeq ® 3Fgeq = Fitd #—E'¢h ~(2t04) - E7F

ur Ko oed oed

13 2022-11-07 | YNGRES DAG 2022

Fra Plaxis kurs.

k]

G,

ur

"

8_\,

For sand:

Ewr',oed ~ 3 Epeq and Eur,oed ~ 1.1- Eyy

I m r m
g3 +a o +a
1.1-E;"if( 2 ) =3-E§§§( = ) =

prefr'l'a prefr'"a

gref = i gref (Ulf + a)m 2.7 gref

ur _11 oed 0_3’+a =(K5VC)m oed

Geoteknikkdagen 2017:

Sand (m=0.5):
Eur.oed ~ 3 'Eoed
EX =~ (3to5)-E'%

oed

BESTEMMELSE AV HVILETRYKK (K0) I NORSKE LEIRER — ANBEFALINGER (Jean-Sébastien L'Heureux)

Ky = 0.48 I)9° OCR**

AFRY

AF POYRY
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nput parametere ti
jordmodell

2019-10-27 |

|Il

Ky, OCR, POP

GO TO HEADER/FOOTER TO CHANGE TEXT

Egy/

Eref

oed
e
pref

m

Vur

NC
Ko

Grs

Yo.7

Reference secant stiffness from drained triaxial test
Reference tangent stiffness from oedometer test

Reference unloading/reloading stiffness from drained triaxial test

Reference stress level for which Eg, = ELe/ E,.q = E.*f and E,, = E.*f

oed

Power for stress-dependent stiffness

Unloading/reloading Poisson’s ratio

Effective cohesion

Effective friction angle

Dilatancy angle at failure

Ratio between horizontal and vertical stresses at normally consolidated state
Reference Small-strain shear stiffness (HSsmall only)

Shear strain level where shear stiffness G has reduced to 70% of G, (HSsmall only)

Initial stress state parameters (initial stress ratio, overconsolidation)

Fra Plaxis kurs/seminar om Hardening Soil

hardening Soil/ HS smal

|Il

Referanse: 100 kPa

AFRY
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Drenert stivhetsmodul for sand

Lgs sand: E.¢/ ~ 15 MPa og E.¢) ~ 15 MPa

Fast sand: EL/ ~ 50 MPa og E.¢) ~ 15 MPa
Og: Eﬁff ~(3—-5) X E"eS

oed

Korrelasjoner:

Correlation | Remark | Author ______

Er) ~ Rp - 60MPa RD = Smax — €

oed emax — Cmin Lengkeek (for prer = 100 kPa)
Eeqa = 44, q. < 10 Mpa .
Eoeq = 2qc + 20 MPa 10 MPa < g, < 50 Mpa Lunne & Christophersen (1983)
E,pq = 120 MPa e > 50 MPa

For stress level where q, is measured

ref __ pref
Eso Eoea Schanz

Fra Plaxis kurs/seminar om Hardening Soil
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Drenert stivhetsmodul for sand

Korrelasjoner:
For sands (m=~0.3):

80 -

60 -

EreS
X 40-
[MPa)
204

- = B
4 Toyoura Sand
*Karlsruhe Sand

<Hostun Sand

0 I 1 1
0 20 40 60

E’*/ [MPa)

Schanz (1998)

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.

80
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Drenert stivhetsmodul for sand

Korrelasjoner:

17 2022-11-07 | YNGRES DAG 2022

80 4
60 - . .[i'\f”: ..k' :\"m,m,\‘ (1987)
& Toyoura Sand
Fr,f « Hostun Sand
“50 40 « Karlsruhe Sand
[-\”)“] #V. WOLFFERSDORFF (1992)
LEe & SEED (1967)
20 e DuNcAN & CHANG (1970)
e ARSLAN (1980)
04 —— Loose sands: E; '~ 15 MPa
0.30 0.35 0.40 0.45 0.50
Dense sands: E;,"*f~ 50 MPa
”l\ [']
0.71 . .
m 0.6 & = oDuxcax & Cuana (1970)
-] 0.54 : 4 e * RIvERA & BARD (1988,1993)
0.4 ” o LADE & NELSON (1987
0.3+ -7 T —
0.30 0.35 0.40 0.45 0.50
o [‘}

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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Drenert stivhetsmodul for leire

Blgtt NC leire: E/¢) ~ 1 MPa Fast NC leire: EI*/ ~ 3 MPa
NC: EpS ~ (15— 20) x E}) oc:ELY ~(2—-4)xE

Korrelasjoner:

. 50000 kPa
EO?:‘; ~

Correlation with /, for pe=100 kPa

Correlation by Vermeer

E =p7 |2 Relationship with Soft Soil model

AF POYRY



Drenert stivhetsmodul for leire

Korrelasjoner:

1057Ts

104

102

e
|

o

a
o
+
®

|

|
|

ROCK
MORAINE
SAND ===z
SILT

AY iz

CL

\ \ __— sandy gravel

102

10

Eoeq [MPa] for NC-soilsand o =100 kPa

Drenert!

9,/70

<

A0 O

+§¢fc
Norwegian 2.
clays

Mexico City Clay
0 2 : ' - ol
porosity n [%]
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5 T T e T  may smme T
B
oed MP
a L
%) 4
=
=
-O -
o
g€ | 3
5
b5 "
8
= |12
D
o ¥
1
. /) SN | 1 | L
0 30 40 50 60 70
0 Natural water content w,, (%)
Based on Janbu (1963)

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.

|VINEoed
(M fra gdometer)
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Drenert stivhetsmodul for leire

— Duncan & Buchignani (1976):

1600

1400

1200

—% 1000
800
600
400
200

0

Fra «COMPUTATIONAL GEOTECHNICS»,
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NN

N

N

SN

3 456 8 10
Overconsolidation ratio, OCR

Plaxis kurs.

Eksempel:

NC leire:

. S, = 30 kPa

+ OCR=1,5
.« I,=15%

Eu/Su varierende fra 600 til 1500 !!

E, vil variere fra 18 MPa til 45 MPa!!



Drenert stivhetsmodul for leire

— Strength and deformation properties of Norwegian clays from laboratory tests on high-quality block samples - Kjell Karlsrud
(dx.doi.org/10.1139/cgj-2013-0298 )

Fig. 33. Values of shear modulus at 50% mobilization normalized to .
the undrained strength (G,,/s,,) in relation to OCR, triaxial tests. E kse m pel .

o CAUC-5 <15
o NC leire:
E=2G(1+V) 2 DS « S, = 30 kPa (S; under 15)
A C\UES/I'? « OCR = 1,5
ol - I, =15%
1000 54 ]
- g:' A a Ggo/Su varierende fra 100 til 300
e e O O 4 A i
< ﬁ LA . Gy, varier fra 3 MPa til 9 MPa! E, Vil
© 1002 Y varier fra 8 MPa til 24 MPa
C . PY ® i
10 | | | : |

21 2022-11-07 | YNGRES DAG 2022 @ A
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HS small modell

q=0,-6; [kPa] E,

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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g, [Y]



23

nput parametere ti
jordmodell

2019-10-27 |

|Il

Ky, OCR, POP

GO TO HEADER/FOOTER TO CHANGE TEXT

Egy/

Eref

oed
e
pref

m

Vur

NC
Ko

Grs

Yo.7

Reference secant stiffness from drained triaxial test
Reference tangent stiffness from oedometer test

Reference unloading/reloading stiffness from drained triaxial test

Reference stress level for which Eg, = ELe/ E,.q = E.*f and E,, = E.*f

oed

Power for stress-dependent stiffness

Unloading/reloading Poisson’s ratio

Effective cohesion

Effective friction angle

Dilatancy angle at failure

Ratio between horizontal and vertical stresses at normally consolidated state
Reference Small-strain shear stiffness (HSsmall only)

Shear strain level where shear stiffness G has reduced to 70% of G, (HSsmall only)

Initial stress state parameters (initial stress ratio, overconsolidation)

Fra Plaxis kurs/seminar om Hardening Soil

hardening Soil/ HS smal

|Il

Referanse: 100 kPa
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AF POYRY



24

HS small modell

E0= 2(1 +Vur) GD

q - 61_63

Y= €17€3

normal y-axis scaled y-axis

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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HS small modell

25 2022-11-07 | YNGRES DAG 2022

ref
ref __ E 0

T 2(1+v,)

G/Go [']

0.0 T T T T
1e? le” le?
VYo7 [-]

Fra «Soil Modelling and Numerical Analyses», AFRY/Chalmers kurs.
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HS small modell

Drenert treaks:

HSsmall

0o -0.002 -0.004 -0.008 -0.008 001 | -0.012 -0.014
]
Sy I

FRA PLAXIS KURS/SEMINAR.

AFRY

26 2022-11-07|
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Small-strain stivhetsmodul for HS small

Korrelasjoner:

. _ 2

Grel = %33[}%%} Harding & Black (1969)
Gi® =~ RD « 70MPa + 60MPa Lengkeek

Yo7 = % [2¢(1 + cos(2¢)) — o1(1 + Kp) sin( 2¢) ] Benz (2007)

0
Typiske verdier:
. . ref
G = (2.5t010)GLS where Gl = ﬁ

Yo7 = (1t02) . 10_4

27 2022-11-07 | YNGRES DAG 2022



M3

HS/HS Small modell o

— Elasticity + Compression
200 Plasticity

Ff gh* — Elasticity + Total Plasticity

Deformasjon er styrt av bade elastisk deformasjon, U A N

Volumetrisk plastisk deformasjon og skjaer plastikk e

deformasjon. 100! In an undrain

drained triaxial test I Ef

Plaxis bruke inndataparametere for a finne deformasjon
som oppstar ved gkt spenning. 0

0 -0.01 -0.02 -0.03 -0.04 -0.05 -0.06

Dvs. inndata stemmer ikke ngdvendigvis med en

simulering av treaks/gdometer.
Q4 1. Elasticity
(unloading reloading)

Anbefales a justere parametere mot SoilTest! 4 2. Plasticity
\/

(compression)

2 3. Plasticity

7\ A (shear)

1 jA 4. Plasticity

p 1? (compression + shear)
’ ol '—1—1 1 5. Plasticity

L ) (failure criterion)

7’

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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HS modell: eksempel

eksempel fra Plaxis/Bentley seminar

Treaks pa fast Hokksund sand ved 40 kPa - Shaoli, 2004
N= 35,9 % (start) - 39,6% (slut)

' Pref + Dense 40
Eref —E
//-—'—"' re » e | _
Axial strain [%]
= 20000kPa /“"”‘P“ = 32MPa 4
40kPa = ]
’ . 231 1-sin vy
. _0{—03 L) ;
i) = " 225 1 40 ¢ | Zsin y
371 3 4
] i 1 r 0 E
T T T (,014'4 %(}l ——t Tt Tt
0 | 2 3 [ § >
Hence,

Axial strain [%] KNC¢ ~ 1 —sin(p’) = 0.31

29 2022-11-07 | YNGRES DAG 2022

—l

1 si

Y _ > 12
2smy 4,2
sy =0,29
w=17°

AFRY
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HS modell: eksempel

eksempel fra Plaxis/Bentley seminar

Odometer pa fast Hokksund sand ved 40 kPa - Morn, 1975

Loading:
® Testdata '

- . |o)'+a

s RSN E,,=Eg |~ —

=)
R

%]

£ 06 ® p,'+a
£ o X |
b= 1 L\ E:‘ef — E pa +a
g o %-—-—-—_ ____L___" . oed oed o, ra
1,4 _ 850kPa |100kPa
0 200 400 600 800 1000 1200 - 0.008 400kPH

Vertical effective stress [kPa]

=53MPa

Unloading:  E, o =1.1-E, . E, =E o, ta

"
Low Poisson Ratio pﬂ +a

:> E;ff WO.Q'EW o pa +a :09. SSOKPE 100 :195MPa
o, +a 0,0028 Y 200

30 2022-11-07 | YNGRES DAG 2022
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HS modell: eksempel

eksempel fra Plaxis/Bentley seminar

SoilTest med tolkede parametere og gjennom Trial and error, kan man fa verdier
som blir like for laboratorieforsgk og HS jordmodell.

Her:

E; "¢ = 35 MPa (estimated 32 MPa)
E. .4 = 45 MPa (estimated 53 MPa)
E, " = 180 MPa (estimated 195 MPa)
m=0,6

c=1kPa

@ = 440

v = 180 (estimated 179)

K¢ =04

vy =02

1 2022-11-07 | YNGRES DAG 2022 / \ I I 2 Y
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HS modell: eksempel

eksempel fra Plaxis/Bentley seminar

= Plaxis 40
—o— dense 40

200 T
E 180 <
X 160 £
o 140 +
? 120 £
o g
S 100 £
w0 £
o 80
T E
2 60+ §
5 ¥
S 40 +f
[+}] E&
(=
04 : e :
0,00 1,00 2,00 3,00 4,00 5,00
Axial strain [%)]
0
_ 02
=
=04
£
S .06
L
w
= -0,8
=
E -1
-1,2
1,4

2022-11-07 | YNGRES DAG 2022

1
o
L
|
T

Volumetric strain, [%]

Axial strain [%]

® Testdata

— Plaxis

T~

\\\
.\
L\

. Hmw“h.

T e 99/

—- |

0 200 400 600 800

Vertical effective stress [kPa]

1000

1200

= from PLAXS 40
—o— Dense 40

AFRY
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HS/HS Small modell

Ikke alle kombinasjoner av E moduler er
tillatt. Dersom Egy/E..q €r stgrre enn 2, far
man en sann feilmelding: @

Error

Compared to other model parameters Eoed = 1500 is too
low!

Simplest solution: Retain other parameters and use Eoed ==
3160 and KO-nc == 0,577,

Other solution: Modify other model parameters.

Possible modifications: Reduce ES0 and/or Eur,

Et «vanlig» problem for setningsgmfintlig
leire.

QK

¥

1= pref

ref
Eoed

Soft Soil ma brukes!

K* =~ 3 X Pref X 1-2- vur)/E;eﬂf

33 2022-11-07 | YNGRES DAG 2022 / \ I I 2 Y
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Soft Soil Jordmodell

Basert pa «Cam Clay» modell:

Threshold ellipse

D' = [np'
P P

Obs: Naturlig logaritme!

Fra Plaxis manualer.
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Soft Soil Jordmodell

Inndata:

2022-11-07 | YNGRES DAG 2022

Basic:
A* Modified compression index [
K* Modified swelling index []
c Effective cohesion [kN/m?]
@ Friction angle [°]
P Dilatancy angle ]
Avansert (bruk default):
Vor Poissop's ratio for unloading / [
reloading
K;© Coefficient ofllater.al stress in [
normal consolidation
M Kg"“-parameter [-1

Fra Plaxis manualer.

AFRY
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Soft Soil Jordmodell

@dometerforsgk plottes slik i internasjonal
litteratur:

time (logarithmic)

2% C,

~23x (1+ep)
Ce

¥ 23 % (1+ep)

K*

consoljdation

*

void ratio e

NCL

>
effective stress log o’

Det finnes mye korrelasjoner for Cc og Cs! Nyttig
informasjon!

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs. @ A F RY
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Soft Soil Jordmodell

@dometerforsgk plottes slik i norsk litteratur:

time::t
R
\Il\
EC
K*=1/m,,
A*=1m,,
,u*=],fr -

P
OC range .: NC range

Fra «Geotechnical engineering, advanced course, NTNU»
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Soft Soil Jordmodell

Fremgangsmate:

1. Tolk parametere for HS modell. Bruk de for et innledende estimat.
2. Tolk odometerforsgkene og sammenlign dem med HS parametere.
3. Kjgr «SoilTest» for a se om tolkede parametere stemmer.

4, Iterasjon for a fa «riktig» parametere.

38 2022-11-07 | YNGRES DAG 2022



Paramtertolkning fra et prosjekt

Saupstad g/s bru

Typisk jordprgve:

39 2022-11-07 | YNGRES DAG 2022

RAMBOLL

DATAKORT FOR TORDFRRVER

Sted:... D\ Cornckalen

Oppdng:... S ZLS

Boring:.. S8 Dybde:.... ol 2 et Labes OR

wh J

35w

'&q / Cf ,.;:'-*:
3.+ |

Praven tatt:.., 112, 0 A 2R pret: Ol AL 2.0

Jordartbeskrivelse:
I ;

- I 1
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet; “leire 1”:
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aksiel tgyning [%] S'_r [kPa]

- a= 5kPa ; phi=30,8°
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Kvalitet BH dybde

[] [] [m]

god 5

god 8

god 8

brukbar 9
Odometer:

P'’c ~130kPa
m_oc ~138
m_nc~17
M =5 MPa
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

45

File Test Results Kernel Options Expert Help
ElH b &N Qp
2 B CycTriaxial | || Oedometer | Y crs | 35 oss | 3 coss | @ General |
Property Value | Unit - Type of test Direction Consolidation
Iset |Undramed j |C0mDresswon j ‘KO j
Identification leire 1-HS Ko 0.5854
Material model Input
Initial cell pressure |o' | 57.35 kN/m?
Stiffness
Maximum strain \é\,‘,l 10.00 %
ref 33.00E3 kNjm?2
Eso = Number of steps 100
Eoed™ =0 (LR |Vertical precons. stress| 0.000 ki/m?
E, 93,0063 khjm?
SoilTest -> treaks ved o S L——1
Vi 0.2000 =0 =
r EB800+ -0.0100E-3 .20/ _ . 4.\-
til deS’_3o0gK_O: e : : i
liIsvarende og . ou — oo z 100 £ -
f— — : g = =
Strength s S.n ° -~ iy | PRy
; 3,000 kaym: 00 000 000 000 =kt
Cref . 000 -0.0200 -0.0400 -00600 -00800 -0100 000 -0.0200-0.0400 -0.0600 -0.0800 -0.10C 000 -0.0200 -0.0400 -00800 -0.0800 -0.10C 000 100 -200 -300 -400 -500 -60.0
@' (phi) 30.80 ° y Sy o @'y [k
w (psi) 0.000 © =
. & Sa00
Re 0.9000 = -1 = - =
E -~ E el o
Tension cut-off = L Z =300
E . = - o
Tensile strength 0.000 kNjm? |- e b
- - -
, 200
General properties 000 000 ekl
0.00 -10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 000 -100 000 00200 00400 00600 00800 0.100
¥unsat 20.00 khjm? P [k o [k tyy
Yat 20,00 kNjm?
Session | Model history |
0031> calculate Triaxial ~
832> _set material.gammaunsat 20
iat 1.gammaunsat: 20 kn/m?®
0033> _set Material.gammasat 20
Material.gammasat: 2e kn/m?
v
< >
Command
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

—SUPE 976 ——SoilTest .
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:
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Eoeg ~ 1,2 MPa 2 Eg/E, .4 Storre enn 2! Vil gi Feilmelding:

aksiel tgyning [%]

200

ak. ef. spenning [kPa]
400 600 800 1000 1200 1400

.......................

SUP8-5,4m = = =Series2

Soft Soil bar brukes!
Alternativ: Tolk E_ 4 f@rst og anta Ec,~ 2x E_4

oed
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Epeq ~ 1,2 MPa
E<,~ 3,0 MPa
E,~15til20E 4~ 22 MPa

aksiel tgyning [%]

Fokus er pa 0 — 400 kPa:
Iterasjon med Hgyere E__,
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

E.eq ™ 1,6 MPa
Ec, ™~ 2,5 MPa
E,,~ 22 MPa

ak. ef. spenning [kPa]
200 300 400 500 600 700 800 900 1000

Lavere m vil gi
«flatere» oppfgrsel

aksiel tgyning [%]

lterasjon 2 med m ~0,8

18 -

20

Series2

gdometer SUP8 - 5,4m

50 2022-11-07 | YNGRES DAG 2022 @ / \ I I 2 Y
AF POYRY



HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Eoed ~ 1’2 MPa ak. ef. spenning [kPa]
0 100 200 300 400 500 600 700 800 900 1000
ESO ~ 3'0 MPa O 1 1 1 1 1 1 1 1 1
E, ~ 22 MPa 2
m ~0,8 4 1
6 _
x
2 8
10 -
2 12 1
Bedre oppfersel fra O til P’c! 1
God match mellom 0 og 400 kPa ]
18 A
. 20
Vurdering: Er det god nok?
Plaxis SoilTest HS modell —— gdometer SUP8 - 5,4m
Alternativ. File Test Results Kernel Options Expert Help
- m R AR W g
[ B

Parameter optimisation |
Property ] Value ]' Unit
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Optimalization verktgy:

rl-_| Parameter optimisation

% | - Select model test results to be used in the optimisation (stored model tests may also be induded)
|_ 1 | - Import real test data as reference for the selected model tests
" - Optionally, select a section in the real test data curve

u [ Input {compression is negative;
© & e —
|vertical precons. stress| 130.0 kijm2
= O [ Triasial
Apply mob. rel. shear strength r

O 192 Current model test

=0 CycTriaxial Mob. rel. shear strength 0.000

40F Current model test
2

T

Y

i
Oedometer
40k Current mog - — .

52

£ MNew test configuration Duration [day] | Stressinc, [ki/m?] | Steps |
1.000 -400.0 100

=0

iGh Currentmot & | Open test configuration
[~

=0

Dl DERQ O
2983

i Carentmod (24 Impart curve
= OE coss Delete
4k current mod
= @ General

[ 4G current model test

=}

O
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8l Parameter optimisation

- Select parameters to be optimised
—~ - Setminimum and maximum values for selected parameters

| «select curves» kan man importere labforsgkene:

Name | Min value [ Value Max value Units
[Esy ™ 3000 5000 kiN/m?
Eoes™ 1000 3000 kN/m?
MIE 20.00E3 22.00E3 32.00E3 kiN/m2
[l power (n 0.8000 0.8000 1.000
Ove 0.2000
[OKe™ 0.4880

P ref 100.0 kiN/m?2
[ [ 3,000 kN/m?2
Oo' (ehi) 30.80 °
Ow (esi) 0.000 °
ORrs 0.9000
) Ve 20.00 kN/m?
Ovea 20.00 kN/m?
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Optimalization resultater:
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- !'-l T at .--! .a’- |...-‘

i | - Optimised parameters can be copied to material set

Name ‘ Min value Value Max value ‘ Units I Optimal Sensitivity

Egp ret 3000 2500 5000 kN/m2 4582 36.0 %
E e ref 1000 1600 3000 kN/m2 1694 2.37 %
Eu,-'e{ 0.00E3 22.00E3 32.00E3 kN/m2 23.03E3 18.1%
power (m) 0.8000 0.8000 1.000 0.8091 100 %
v 0.2000 0.2000 0.00 %
Kp ™ 0.4880 0.4880 0.00 %
Pref 100.0 kN/fm32 100.0 0.00 %
c',ef 3.000 kN/m2 3.000 0.00 %
' (phi) 0.80 = 30.80 0.00 %
W (psi) 0.000 e 0.000 0.00 %
Rg¢ 0.3000 0.9000 0.00 %
¥ ynsat 20,00 kN/m? 20.00 0.00 %
Yzt 20.00 kN fm? 20.00 0.00 %

AFRY

AF POYRY



HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Optimalization resultater:

== Optimisation target
L | -Selectimported data to view optimised curves ~— Optimisation results
—

« Reference simulation

= [ Triexial oL
F d t O t H I 400 k P {6k Current model test <7 20w B
or gdometer, I d = Bl cremona srsoes  asr
{9 Current model test _0.3800E-3 1,019
o = [ Oedometer 0.6400E-3 1373
P re kO ns. Pa 1 3 O k Pa {9 Current model est Q8T0E3 1732
5 ¢ Oedometer_2 109583 2,13
EyySyy 14753 2442
= B crs ~1.660E-3 2.748
{QF Current model test -1.850E-3 3,109
= X oss -300 1.3608-3 1178
{6k Current mode test L130E3  -1.280
= X ooss 1.020-3 -1.382
{6 Current model test Da0soEs 1433
E d d . = &b Genera 0830053 1381
n e r O p p m e . 4Gk Current model test 0715063  -1634
060503 -1787
0450053  -1.889
& 0.3400E3 2042
gz 0.30006-3 -1.97
E ~ 1 69 M Pa 0.2650E-3 -2.287
Oed ) 019003  -2.3%
0150053 -2.489
~ 00750083 2641
E50 4’ 5 8 M Pa 0075003 -2.692
0.04000E-3  -2.894
~ D563 2992
E 2 3 IVI Pa 010063 3.0%
ur 1D -0.1900E-3 3.248
0.22506-3  -3.454
m NO 8 1 -0.3050E-3 -3.757
7 -0.3400€-3 -3.757
0380063 -3.808
0415063 -3.850
0490063 -3.901
-0.5300E-3  -3.847
0 | ‘ | ‘ | ‘ ‘ ‘ ‘ ‘ 0.5650E-3 4000 VY
000 00100 -0.0200 00300 -0.0400 00500 -0.0600 0.0700 -0.0800 -0.0800 0100 -0.11 Secant 0.000
. Tangent 0.000
=
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HS modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Endte opp med:

Eoeq ™ 1,69 MPa
Ec, ™~ 4,58 MPa
E,~ 23 MPa

m ~0,81

Hva er «god nok»?
Sensitivitetsanalyser?
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Soft Soil modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Endte Opp med: ak. ef. spenning [kPa]
0 50 100 150 200 250 300 350 400 450 500
0 1 1 1 1 1 1 1 1
Kappa* ~ 8,2E-3 ]
Lambda™* ~0,082 4
6 _
8 _

[EEN
N
1

aksiel tgyning [%]
=
o

16 4

18 -

20

Plaxis Soft Soil

lab
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Soft Soil modell: eksempel for leire

eksempel fra Saupstadbru prosjektet:

Sensitivity analysis: ak. ef. spenning [kPal
0 50 100 150 200 250 300 350 400
0 .
Kappa™ ~ 8,7E-3 2 7
Lambda®* ~0,055 4 A
6 -
8 -

aksiel tgyning [%]
[y
o

=
N
1

16 4
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20

plaxis HS modell gdometer SUP8 - 5,4m
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Anbefaling om HS modell:

Possibilities and advantages compared to Mohr-Coulomb:

« Better non-linear formulation of soil behaviour in general (both soft
soils and harder types of soil)

+ Distinction between primary loading and unloading / reloading
* Memory of preconsolidation stress
+ Different stiffnesses for different stress paths based on standard

Small-strain stiffness: The HSsmall model

Advantages:
tests « Improved settlement trough behind retaining walls and above
« Well suited for unloading situations with simultaneous deviatoric tunnels
loading (excavations) * Less sensitive for position of model boundaries

- . . * Hysteretic damping in dynamic applications
Limitations and disadvantages: Y ping in dy PP

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
« No peak strength and softening (immediate residual strength)
+ No secundary compression (Creep)
* No anisotropy
» Ego / Eooq > 2 difficult to input
Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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Anbefaling om Soft Soil modell:

Possibilities and advantages compared to LEPP (Mohr-Coulomb):

o Better non-linear formulation of soft soil behaviour
(NC-clay; logarithmic compression)

e Distinction between primary loading and
unloading / reloading

» Memory of preconsolidation stress
e Stiffness parameters based on oedometer tests
e Primarily suitable for compressive stress paths

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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Anbefaling om Soft Soil modell:

Limitations and disadvantages.

* Not suitable for other types than soft soils
e |ess suitable for non-compressive stress paths

e Not recommended to be used for excavations and pure
unloading situations

e No peak strength and softening (directly to residual strength)
e No secondary compression (creep)

* No anisotropy

e Not possible to get “dry” side

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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Anbefaling om ulike jordmodeller:

Soft soil
(NC-clay, peat)

Hard soils
(OC-clay, sand, gravel)

Primary loading Soft Soil (Creep), HS, HSsmall
(surcharge) HS, HSsmall

Unloading + HS, HSsmall HS, HSsmall
deviatoric load

{excavation)

Devl:atoric Soft Soil (Creep), HS, HSsmall
loading HS, HSsmall

Secundary Soft Soil Creep N/A

compression

Fra «COMPUTATIONAL GEOTECHNICS», Plaxis kurs.
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Anbefaling om ulike jordmodeller:

2019-10-27 | YNGRES DAG 2022

MC model: for simple estimates and for safety factors (stability)
Advanced soil models: for more accurate deformation predictions

Hardening Soil model:

» Use previous experience from lab, field and case records for
strength and stiffness (Es, etc)

« Simulate an oedometer or/and a triaxial test to calibrate your
soil parameter set

* Run your design problem

» Check the results and compare to hand calculations or other
estimates / experience

Fra «Soil Modelling and Numerical Analyses», AFRY/Chalmers kurs.



Takk for oppmerksomheten!
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