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: 

Shovi, Georgia
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E. Žic et al.: A model of mudflow propagation downstream from the Grohovo landslide near Rijeka

: 

S.Di Gregorio- Mount Ontake Landslide Simulation by Cellular Automata Model  SCIDDICA-3
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Special scenarios
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General Fluid description:

infinitestmal element of the fluid

𝛿𝑉

𝑥

𝑦
𝑧

𝛿𝑚 = 𝜌𝛿𝑉 = ෍ 𝜌௜

௜

𝛿𝑉௜ = ෍ 𝜌௜

௜

𝑠௜𝛿𝑉

mass of infinitesmal element:

Component density concentration level

Effective density:

𝜌 = 𝑠௜𝜌௜ ෍ 𝑠௜

௡ିଵ

= 𝑠ଵ + ⋯ + 𝑠௡ିଵ = 1 − 𝑠଴

Constrain:

Two component mixture:
𝑠଴ − water concentration

𝜌଴ − water density
𝜌ூூ = 𝑠𝜌଴ + 1 − 𝑠 𝜌ଵ = 𝜌ଵ + 𝜌଴ − 𝜌ଵ 𝑠
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General Fluid description:

infinitestmal element of the fluid

𝛿𝑉

𝑥

𝑦
𝑧

Tensor notation for Navier − Stokes equations:

𝜕

𝜕𝑡
𝜌𝑣௜ + Π௜௞,௞ = 0 Π௜௞ = 𝜎௜௞ + 𝜌𝑣௜𝑣௞

Geniev-Gogoladze Stress Tensor:

𝜎௜௞ = −𝑝𝛿௜௞ + 𝜇 + 𝜆𝑝 𝑣௜,௞ + 𝑣௞,௜

𝜆 𝑠ଵ, … , 𝑠௡ = 𝜆 0, … , 0 + grad 𝜆 ⋅ 𝑠 + 𝒪 𝑠ଶ

Parametrization:𝑠଴ − water concentration

𝜌଴ − water density
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System of Equations:

Continuity Equation:

𝜕𝜌

𝜕𝑡
+

𝜕𝜌

𝜕𝑥௞
𝑣௞ + 𝜌𝑣௜,௜ = 0

Navier − Stokes Equations

𝜌
𝜕𝑣௜

𝜕𝑡
+

𝜕

𝜕𝑥௞
𝑣௜𝑣௞ = −𝜎௜௞,௞ + 𝜙௜

Function of 𝑠

set of Diffusion equations:

𝜕𝑠௜

𝜕𝑡
= 𝐷௜∇ଶ𝑠௜

Boundary conditions:

𝑥, 𝑦, 𝑧 ∈ 𝜕Ω 𝑣 = 0

𝑥, 𝑦, 𝑧 ∈ 𝜕Ωଵ

𝑝 = 𝑝଴

𝑠଴ = 1

𝜕Ω − full boundary

𝜕Ωଵ − free surface boundary
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Special scenarios: 1D flow



8/7/2024 Zurabi Ugulava | Free University 10

𝜃

𝑥

𝑦

Stabilized flow on inclined surface:

𝑔 sin 𝜃

𝑔 cos 𝜃

𝑡 → ∞
𝜕𝑠

𝜕𝑡
=

𝜕𝑣⃗

𝜕𝑡
= 0

−
1

𝜌

𝜕𝑝

𝜕𝑦
+ 𝑔 cos 𝜃 = 0

X − axis:

Y − axis:

1

𝜌

𝜕𝑣

𝜕𝑦
𝑝

𝜕𝜆

𝜕𝑦
+ 𝜆

𝜕𝑝

𝜕𝑦
+ 𝜇 + 𝜆𝑝

1

𝜌

𝜕ଶ𝑣

𝜕𝑦ଶ
+ 𝑔 sin 𝜃 = 0

𝜕𝑠௜

𝜕𝑡
= 𝐷௜∇ଶ𝑠௜ = 0

No further diffusion present:

Sediment distribudion:

𝑠௜ 𝑦 = 𝑘௜𝑦 + 𝑏௜

Constrain:

𝑠 ℎ = 0

𝑠 0 = 1

ℎ

𝑠௜ 𝑦 = 1 −
𝑦

ℎ

𝜌 𝑦 = 𝑠௜𝜌௜ + 𝑠଴𝜌଴ = 𝜌௜ + 𝜌௪ − 𝜌௜

𝑦

ℎ

density distribution:



8/7/2024 Zurabi Ugulava | Free University 11

𝜃

𝑥

𝑦

Stabilized flow on inclined surface:

𝑔 sin 𝜃

𝑔 cos 𝜃

1

𝜌

𝜕𝑝

𝜕𝑦
+ 𝑔 cos 𝜃 = 0

Y − axis:

ℎ

𝑝 = 𝐴𝑦ଶ + 𝐵𝑦 + 𝑃଴

𝐴 =
1

2
𝑔 cos 𝜃  ෍ 𝜌௜

௜

𝐵 =
1

2
𝑔 cos 𝜃  ෍ 𝑏௜

௜

Rise in altitude is 65 cm
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𝜃

𝑥

𝑦

Stabilized flow on inclined surface:

𝑔 sin 𝜃

𝑔 cos 𝜃

ℎ

X − axis:

1

𝜌

𝜕𝑣

𝜕𝑦
𝑝

𝜕𝜆

𝜕𝑦
+ 𝜆

𝜕𝑝

𝜕𝑦
+ 𝜇 + 𝜆𝑝

1

𝜌

𝜕ଶ𝑣

𝜕𝑦ଶ
+ 𝑔 sin 𝜃 = 0

𝑝 = − 𝜌௜ +
𝑦

2ℎ
𝛿𝜌 𝑔𝑦 cos 𝜃 + 𝑃଴

Mean profile velocity:

𝑣̅ =
1

ℎ
න 𝑣 𝑦 𝑑𝑦
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Special scenarios: 2D flow
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Stabilized flow on 2D surface around Pier:

𝑡 → ∞
𝜕𝑠

𝜕𝑡
=

𝜕𝑣⃗

𝜕𝑡
= 0

Continuity Equation:

𝜕𝜌

𝜕𝑥௞
𝑣௞ + 𝜌𝑣௜,௜ = 0

set of Diffusion equations:

𝐷௜∇ଶ𝑠௜ = 0

Navier − Stokes Equations

𝜌
𝜕𝑣௜

𝜕𝑡
+

𝜕

𝜕𝑥௞
𝑣௜𝑣௞ = −𝜎௜௞,௞ + 𝜙௜

Boundary conditions:

𝑥, 𝑦, 𝑧 ∈ 𝜕Ω

𝑥 = 0

𝑝 = 0

𝑣௫ = 𝑐𝑜𝑛𝑠𝑡

𝜕Ω − full boundary

𝜕Ωଵ − free surface boundary

𝑣⃗ = 0

𝜕Ω′
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Stabilized flow on 2D surface around Pier:

Force acting on the pier:

𝐹 = ඾ 𝜎௜௞𝑛ො௞ ⋅ 𝑑𝑟

Geniev-Gogoladze Stress Tensor:

𝜎௜௞ = −𝑝𝛿௜௞ + 𝜇 + 𝜆𝑝 𝑣௜,௞ + 𝑣௞,௜

𝐹 = − ඾ 𝑝𝑛ො௞ ⋅ 𝑑𝑟 + ඾ 𝜇 + 𝜆𝑝 𝑣௜,௞ + 𝑣௞,௜ 𝑛ො௞ ⋅ 𝑑𝑟
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Increasing Column Count:
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statistical model
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  𝑋, 𝑌

Automatization mechanism:

State distribution:

௠௡ ௠,௡

 𝛿ℎ௠௡ < 0 | ℎ௠,௡ = 0

𝛿ℎ௠௡ = ℎ௠ − ℎ௡

 𝛿ℎ௠௡ > 0 |     ℎ௡ = ℎ௡ +
𝜌𝑣ଶ

2𝛿ℎ௠௡𝑔
1 − 𝑓

 
𝑝௠௡~𝜌 𝑋, 𝑌 𝑠 𝑋, 𝑌  ℱ 𝑋, 𝑌  ℎ௠,௡ 𝑋, 𝑌

altitude dist
density dist

concentration dist

|     ℎ௠ = ℎ௠ −
𝜌𝑣ଶ

2𝛿ℎ௠௡𝑔
1 − 𝑓



8/7/2024 Zurabi Ugulava | Free University 20

  𝑋, 𝑌

Automatization mechanism:

State distribution:

𝑝௠௡~𝜌 𝑋, 𝑌 𝑠 𝑋, 𝑌  ℱ 𝑋, 𝑌  ℎ௠,௡ 𝑋, 𝑌

altitude dist
density dist

concentration dist
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Dziękuje za uwagę?
雲ですが、なにか？
Thank you for the attention?
გმადლობთ ყურადღებისთვის?


