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Savage Hutter Model

Global balances for

Mass ρ0
D

Dt

∫
V(t)

dV = 0
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Savage Hutter Model

Global balances for

Mass ρ0
D

Dt

∫
V(t)

dV = 0

Momentum ρ0
D

Dt

∫
V(t)

ui dV =
∮

∂V(t)

σi j nj d A+ρ0

∫
V(t)
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Savage Hutter Model: control volume

Lagrange volume D/Dt→ d/dt

∂V

V

v = w

n ρ0
d

dt

∫
V(t)

dV

︸ ︷︷ ︸
V(t)

= 0
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Savage Hutter Model: volume average

9(x,t)=
1

V(t)

∫
V(t)

9 dV

dV

dt
=

d(Abh)

dt
= 0,

ρ0V
dui

dt
=

∮
∂V(t)

σi j nj d A+ρ0Vgi

∮
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→
∫
Ab

+
∫
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+
∫
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h
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Savage Hutter Model:
boundary conditions
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Slope function: Fb= b(x1,x2)− x3
Free surface: Fs= x3−s(x1,x2; t)
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Slope function: Fb= b(x1,x2)− x3
Free surface: Fs= x3−s(x1,x2; t)

Normals: n(s)
j =

∂Fs

∂xj
·
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∂xj
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n(b)
j =

∂Fb

∂xj
·
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∂xj

∥∥∥∥∥
−1
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Slope function: Fb= b(x1,x2)− x3
Free surface: Fs= x3−s(x1,x2; t)

Normals: n(s)
j =

∂Fs

∂xj
·
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∂xj
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−1

n(b)
j =

∂Fb

∂xj
·

∥∥∥∥∥∂Fb
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BC free surface: DFs/Dt = 0

t (s)
i = σi j n

(s)
j = 0
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Slope function: Fb= b(x1,x2)− x3
Free surface: Fs= x3−s(x1,x2; t)

Normals: n(s)
j =

∂Fs

∂xj
·
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∂xj
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−1

n(b)
j =

∂Fb

∂xj
·
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BC free surface: DFs/Dt = 0

t (s)
i = σi j n

(s)
j = 0

BC slope: ui n
(b)
i = 0

τ (b)
=−(u/‖u‖) tanδ σ (b)
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Savage Hutter Model:
boundary conditions
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small shear layer at bottom

quasi static pile riding

on shear layer:

τ = tanϕ σ

δ < ϕ

−u

ρ<ρ

ρ
0

x

x3

1

~u

0




