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Numerical model - Analysis tree in GeoStudio

- i ALeveeOnSoftSubsollinTheKagerplassen
#3 D0_Initial Condition_Steady-State Seepage [0 sec]
[ 00_Initial Condition_Insitu Stress [0 sec]
1B 01_Excavation 1_Fully Coupled [0-600,000 sac]
® 02_Excavation 2_Fully Coupled [600,000-1,202,400 sec]
[ 03_Excavation 3_Fully Coupled [1,202,400-1, 780,800 sec]
1. Stage — Initial conditions & Finite Element Slope Stability (3) [1,202,400-1,780,800 sec]

° 1. analysis _ steady-state seepage M Finite Element Slope Stability (2) [600,000-1,202,400 sec]
e 2. analysis —in situ stress
2. Stage — 1. Excavation and dewatering — (0 — 600 000 [s])
e 3. analysis — fully coupled hydro-mechanical
3. Stage — 2. Excavation and dewatering — (600 000 — 1 202 400 [s])
e 4. analysis — fully coupled hydro-mechanical
e 5. analysis — FEM slope stability
4. Stage — 3. Excavation and dewatering — (1 202 400 — 1 780 800 [s])
e 6. analysis — fully coupled hydro-mechanical
e 7. analysis — FEM slope stability
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Time stepping and boundary conditions

Hydraulic boundary conditions

-1,5

Excavation 1 finished; -1,9
Dewatering - 0.5m start;-1,9

Water filling exc. 1 finished; -1,9
Excavation 2 start; -1,9
Excavation 2 finished; -1,9
Dewatering - 0.5m start;-1,9
Water filling exc. 2 finished; -1,9
Excavation 3 start; -1,9
Excavation 3 finished; -1,9
Pumpon ;-1,9
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=g==Dewatering - total head
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Total Head H [m NAP]

Dewatering - 0.5 m finished; -2,4

Dewatering -0.50m;-2,4

Dewatering -1.0m start;-2,4
Dewatering - 0.5m finished; -2,4
Dewatering - 1.0 m start; -2,4

Dewatering -1.0m ;2,9

4 lcc 8 8 10 12 14 16 18 20

End of analysis; -3,4

Dewatering - 1.0m finished; -2,9

Water filling exc. 1 start; -2,9
Water filling exc. 2 start; -2,9

Dewatering - 1.0m finished; -2,9

Dewatering -1.5m ;-3,4
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Material properties and models

Col. Name Model ¥y ¢’ ¢ E’ Kr A K v e
-1 [ [-] [KN/m’] _[kPa] [°] [kPa] [m/s] [-] [-1 [-1 [-]
Clay ElL-PL. 14 8 21.7 870 le-7 0.42
Dike  EL-Pl. 16.5 39 3035 600 le-6 0.39
-Or.cl. MCC 135 8 21.7 le-7 0214 0.016 042 2.8
Peat MCC 9.7 3.7 29 le-8 1.063 0.167 0.33 9.5
Sand  EL-Pl. 20 35 10000 1le-4 0.25
e Elastic-plastic (Mohr-Coulomb or Tresca) e  Soft Clay - Modified Cam-clay (Critical State)
A A
Y o)
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Computed results

Horizontal displacements

First operation sequence Second operation sequence
Elapsed Time: 271 500 sec D Elapsed Time: 859 200 sec itiee
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\ \ \ \ \ \ \ \ \ \ 06mo \ \ \ \ \ \ \ \ \

4 = |—

X-Displacement . » ‘/‘\ 4 X-Displacement

B <-0,08--0,06m A 7\ / A|Wm<012-01m
H-0,06--0.04m 7 4 m01-008m
0-0,04--002m ——— 0 -0,08--0,06m
0-002-0m 0-0,06--004m
E0-0,02m E-0,04--0,02m
H0,02-004m H-0,02-0m
H0,04-0,06 m H0-002m
H>006m H002-004m
H:2004m

o
=

IGOLE-E 2
T RAlsARE| Authors Bakes M., Mészdros T., Mindrik M.
" e [\ ] Affiliation VODOHOSPODARSKA VYSTAVBA, SOE



Computed and measured displacement at the
Inclinometer located at the dyke toe

Inclinometer - dyke toe
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Results after third operation sequence

The horizontal displacements, computed at the dyke toe after the third excavation and its
dewatering to -3.4 m NAP, varied in a range from 6 to 12 cm on the dike side

Elapsed Time: 1 375 920 sec il Elapsed Time: 1 375 920 sec Distance
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FoS of the critical slip surface during the modelled period
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Critical Slip Surface vs Time
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Conclusions

1.

Failure of the structure occurred 14.10.2015 (16 days), after dewatering the excavation to
-3.4 m NAP, after the second operation sequence Fo varied in a range close to its critical value.

. The shape of the critical slip surface should be considered cylindrical or curved, as used in

our solution.

. Uncertainty of the solution 1s emphasized by the lack of a thorough investigation of the

hydraulic material properties.

. GEOSTUDIO 2016 is a powerful solver for computing coupled hydro-mechanical analyses.

However, 1t offers only the elastic, elastic-ideally plastic and the modified cam clay
constitutive models.

. In the performed analyses, we have not been able to achieve match of the pore pressure with

measurements. Although, we achieved a good match of the computed displacements with their
measured counterparts.

. Back-analysis was performed based on the monitoring data. All the performed refinements

were in a framework of some reasonable assumption, further refinements could lead to
confusing results or to their misinterpretation.
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