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15t |ICOLD benchmark workshop on Numerical analysis of Dams Theme B
Nonlinear Dynamic Analyses for Menta Embankment Dam with Plaxis HS-
small (Hardening Small Strain) Model
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' Model overview
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Mr of soil elements 1604

Mr of nodes 13333
Average element size 4,841 m
Maximum element size 24,99 m
Minimum element size 07255 m
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' Dynamic acceleration inputs (scaled to PGA,=0.26g)

Friuli 1976 Horizental time-acceleration histories
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Material model: HS-small (Hardening Small Strain) model

HS-small = Ordinary elastic-perfectly-plastic with M-C criterion + Cap Yielding
(hardening) + small strain depending stiffness
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Rockfill and drainage layer for the Menta is divided into two
different materials
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e HS-small model are applied to the rockfill and drainage material

» Different permeability is given for the rockfill (10> m/s) and drainage (10* m/s) material

e Both Rockfill and drainage material is divided into two material due to average normal
stress. The reason is because the friction angle is normal stress depending.



Detail inputs 1
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Concrete | Rockfil/drainage | Rockfill/drainage | Detail HS-small model Rockfill/drainage average | Rockfill/drainage average
Parameters | Rockmass | ;.. o’:‘:lr(;)glfpa G,:‘;gr(;)glfpa input parameters Material 1: 63:=100kPa Material 2: 63:=300kPa
) Lincar- Lincar- , i Eso™! 100E+03 kPa 86.92E+03 kPa
Material type Elastic Elastic HS-small, drained HS-small, drained Eoderef SOE+03 kPa 69.53E+03 kPa
Unit weight y 27kN/m* | 24 kN/m? 23 kN/m? 23 kN/m’ Eu' 300E+03 kPa 260.74E+03 kPa
i, 1E-05 m/s (rockfill) | 1E-05 m/s (rockfill
Permeability k 1E-07 m/s 1E-10 m/s 1E-04 m/s (drainage) | 1E-04 m/s(drainage m 0.5 0.5
Elastic modulus E | 1E+06 kPa_| 30E+06 kPa - - Vur 0.2 0.2
Poisson’s ratio v 0.25 0.2 - - Go™f 375E+03 kPa 446.5E+03 kPa
Cohesion ¢’ - - L kPa L kPa Yo7 0.000223 0.0002783
Friction ¢’ - - 48.8° 42.6°
Dilation angle y - - 2° 2° 4000 —
Interface - - Impermeable Impermeable —— o', = 100 kPa R |
permeability e
Interface strength 3000 ——°— o' = 300 kPa o S |
griction .reduction - 0.5 0.5 o', = 900 kPa i s |
actor Riner @ &
Rayleigh damping 0.124 0124 &
coefficient o ) )
Rayleigh damping
coefficient B 0.003152 0.003152
2000 =
1600 [— T
= 1200 — /
=
=,
= 800 — /
400 — -~ _ .
o LN g |
0 1000 2000 3000 dopp. 004 —
o (kPa) BRI 5 4 w4 | L
Results of TXCD-KO laboratory test (Ko = 0.4) 0 0.02 0.04 0.06 0.08 0.1




Detail inputs 1

Detail HS-small model
input parameters
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Model and inputs 2
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Figure 8- Normalised-E/Ey-functions-obtained-from-Plaxis-HS-small- model-from-the-corresponding-input parameters-as-Table-
2-comparing-with-the-given-cyclic-triaxial-testresults. g



' Model and inputs 3
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E50_ref/EQ_ref, Rockfill
o'3c=100kPa

A ESO_ref/E0_ref, Rockfill
o'3c=300kPa

m Eur_ref/E0_ref, Rockfill
o'3c=100kPa

® Eur_ref/E0_ref, Rockfill
o'3c=300kPa

a

E,"e!, E.,*" and E " is verified with the Stiff clay, cohesion less, high relative density soil
According to Plaxis Mannual, Vermmer and Cox & Mayne

[6]» Vermeer, P--(2001)---On-single-anchor retaining -wall.-PLAXIS Bulletin No-10 A
[ 7]+ Cox,- C.-and- P.- Mayne- (2015)-— Soil- Soil- stiffness- constitutive- model- parameters- for-
geotechnical problems: -A -dilatometer testing-approach.-Proceedings DMT-2015.9



Model and inputs
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Boundary condition and construction stage
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Results-Static

Total settlement after construction 0.46m
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Results dynamic — fundamental frequency

EQ Friuli: 2.00 Hz
EQ Central Italy: 0.72 Hz

acceleration time histories are required as seismic evaluation parameters. Embankment dams

-

have fundamental periods of vibration that often range between 0.5 and 1.5 second and, for use

Verification after the hand calculation (Lambe, T.W., Whitman (1976) summarised in
Kramer’s book 7.62). Dam fundamental frequency is about 1.6-1.92 Hz
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Results dynamic — Crest to base amplification

EQ Friuli: 3

EQ Central Italy: 2.33 Hz
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Peak ground acceleration (PGA)
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[8]+ Yu.-L..,-Kong.-X..-Xu.-B.-(2012).-Seismic-Response-Characteristics-of-Earth-and-Rockfill-
Dams,-Proc.-15th-World-Conference-on-Earthquake-Engineering, -Lisbon- 4
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Results dynamic —y,.,, max. centre line deflection, post-EQ settlement

vmax:

Max. centre line deflection:

EQ Friuli: 1.3%
EQ Central Italy: 0.8 %

EQ Friuli: 0.37m
EQ Central Italy: 0.19m

Post EQ settlement:

EQ Friuli: 0.21m
EQ Central Italy: 0.16m
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Figure-14-Typical-post-earthquake-settlement-under-Friuli-EQ for-exampley
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Results dynamic — historical plasitc points during the earthquake
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' Results dynamic — Bituminous facing

— .

Figure-17-bituminous-facing-deformation-for-different temperatures-(1 °C-at-the-left-and-28°C-at-the-right)

\x

Figure-18- maximum-experienced-and-the-last-step-normal force-éj?:rhe-frimminmw facing—at-r}f_é-.ffyfferenf-rempemtures-( 1°C-at-
the-left-and-28°C-at the right)"
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Thank you for your attention ©
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