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O Introduction

] Data assimilation

 Case 1:What sort of constitutive models we should use?

1 Case 2: What sort of data assimilation technique we should use?
 Results and discussion (parameter estimation, FoS estimation)

d Conclusions
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* Numerical approximations
*  Missing physics
* Poorly known parameters

e [Estimate state
* [Estimate parameters
* FoS estimation
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1. What sort of constitutive models we should use?

2. What sort of data assimilation techniques we should use?
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1. Numerical model : Finite element method ol
a. Mohr-Coulomb (MC) model % 8-
. : Q 6]

b. Hardemng SOll (HS) model 4 - Assimilation window Prediction window

2. Data assimilation scheme : (Recursive) ensemble Kalman filter 2 < >
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A set of mathematical equations which represents stress-strain behaviour in a given material 1s called the
constitutive model.

1

1

1

1

1

1

1

1

1

t T

! q=lo}- o3 :

i 1

! . i 2¢ cosQ -20;8InQ
E : 1-sing
| :

: i

| €
| (a)

:

1

S

1

1

1

1

:

1 €]
1 .

1 2 sin

| 1-2v ; v

! 1- siny

:

1

1

| (b)

1

q=lo)- o]

1
1
1
1
q it :
1’ ) qf :qu ult E HS mOdel
F o :
B s o :
T AT T T T Tttt i A 0.5 1
VL ! qr ! ESO :f(c’ ®, 0-3)
;. Es0 | .
/ :
/ .‘ :
’ ! |
‘ €
|
(a) :
1
Dilatancy cut-off E
OF .~ :
1- sin |\ - :
2sin y Dilatancy cut-off ON E
€ ;
1
1
1
1
1
1
1
(b) :

Mohr-Coulomb (MC) model

]
TUDelft

Hardening soil (HS) model

13



A set of mathematical equations which represents stress-strain behaviour in a given material 1s called the
constitutive model.
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-Estimation of friction angle (¢') based on the slope deformation W
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—== True FoS =1.511

—-= FoS with prior parameters (u=2.016, 0=0.107)
FoS_MC_ estimated parameters at 1000 days (u=2.032, =0.107)
FoS_HS_estimated parameters at 1000 days (u=1.529, 0=0.024)
FoS_MC_estimated parameters at 2000 days (u=2.018, 0=0.106)
FoS_HS_ estimated parameters at 2000 days (u=1.526, 0=0.024)
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—== True FoS =1.511

—-= FoS with prior parameters (u=2.016, 0=0.107)

—— FoS_MC_ estimated parameters at 1000 days (u=2.032, 0=0.107)

— - FoS_HS_estimated parameters at 1000 days (u=1.529, 0=0.024)
FoS_MC_estimated parameters at 2000 days (u=2.018, 0=0.106)
FoS_HS_ estimated parameters at 2000 days (u=1.526, 0=0.024)
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—== True FoS =1.511

—-= FoS with prior parameters (u=2.016, 0=0.107)

—— FoS_MC_ estimated parameters at 1000 days (u=2.032, 0=0.107)
— - FoS_HS_estimated parameters at 1000 days (u=1.529, 0=0.024)
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—k— FoS HS estimated parameters at 2000 days (u=1.526, 0=0.024)
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1. Numerical model : Finite element method
a—Mohr-Couwlomb-tMCmodel
b. Hardening soil (HS) model

2. Data assimilation scheme :
a. (Recursive) ensemble Kalman filter

b. Ensemble smoother
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-Estimation of friction angle (¢') based on the slope deformation

observations
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— True FoS=1.28

8 === Prior (u=1.48, 0=0.11)

Probability density function

1.0 1.2 1.4 1.6 1.8 2.0

Factor of safety estimation by EnKF and ES at 6™ time step by true,
prior and estimated parameters

]
TUDelft .



14 A
S 121 &
B : '. —— True FoS=1.28
S 10 - o o ——=- Prior (u=1.48, 0=0.11)
I . e EnKF (u=1.26, 6=0.03)
-
g 8 e ¢ ES (u=1.19, 0=0.06)
g ° b
_é‘ 6 | [ ] o
= [ ]
=
© [} [}
Q 4 T [ ] [ ]
O ’—~
& s\ TN
2 _ PY PY // \\
; &\ .
f’ \\
O I—’ T T ~._I
1.0 1.2 1.4 1.6 1.8 2.0
FoS

Factor of safety estimation by EnKF and ES at 6™ time step by true,
prior and estimated parameters

]
TUDelft

28



[ Data assimilation provides a promising estimate of parameters and factor of safety.

U The use of a Mohr-Coulomb (MC) constitutive model in data assimilation does not

always output a reliable factor of safety estimation.

U However, the hardening soil (HS) model is able to yields a reliable factor of safety
estimation using data assimilation under different loading conditions (close-to-failure,

far-from-failure).

U Ensemble Kalman filter (EnKF) provides better results than ensemble smoother (ES).
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Thank you for listening!

%
TUDelft

30



*  Tandeo, P., Ailliot, P., Bocquet, M., Carrassi, A., Miyoshi, T., Pulido, M., & Zhen, Y. (2020). A review of innovation-based methods to jointly
estimate model and observation error covariance matrices in ensemble data assimilation. Monthly Weather Review, 148(10), 3973-3994.
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Appendix
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1
4 z': synthetically created state-parameter vector
e: normally distributed measurement noise
g dgynen: vector containing synthetic measurements
. . .
1. Synthetic observations =1
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’ e
9(z) +e 2.
g: model operator
EnKF': data assimilation (recursive EnKF)
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y =g(2), Z:(a: B)T

Bayes’s theorem:
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A set of mathematical equations which represents stress-strain behaviour in a given material is called the

constitutive model.
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A set of mathematical equations which represents stress-strain behaviour in a given material 1s called the

constitutive model.
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-Parameter (stiffness and strength ) estimation for close-to-failure case
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