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Background: Boulder Transport during Tsunami
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2. Modelling and simulation framework HELMHOLTZ
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(1) Force balance on boulder (2) Movement condition (3) Boulder Movement

Tsunami wave Fday A Drag force Buoyant weight ~ Damping force : F=Fy+Fy—Fp—F, =
) RN \ V\F \ : 7 iy Valt
Sealevel . F = at Fa + m _/F‘f - FH— H gps mPs) a(®)
) Fdad) / :
d >0 * Impulsive force Frictional force H w(O)sing — dx/de 1 w2 a2
T A e aa (w@rsing - o) +kp,V(11(t)smwf m),
Seafloor . “%%%“"m (vC@cospsing ~ ;;)2 +
The total force balance on the boulder(sliding): e R e s
2 - %%%émyp, (utorcosocoss 7%)2 ko (a(t)ca:wcosﬁ i-i

u(t)cospsing — dz/dt 1 ( o dzy?
Al =CyA, t) — -]
TDcosgsmp —dyn 5 Cafepr (W(O)cospsing dr)
Yn1 = Yn

@27
kegV (a(t)coswsm[} - _,) — Fn)cosd
e Nicrerer e e

u(t)cosgsing — dz/dt 1 dz\?
g Calepy (u(t)ca:wsmﬁ - '.5) +

1 d d?
Fs = 5 CaAyps (u(t)co s(f—a)— ﬁ) + kpgV (a(t)co s(B—a)— d_t'j)

- <chosa - % CqAyps(u(t) sin(p — a))? — kpgVa(t)sin(p — a)) A — Eysina

F= 0@ cospsinp — a4z,
2
kv (a(t)ca:wsmﬁ ’d_:f) — Fp)(1 — Asina)

Fy = (Faz + Faz = Fn)
From the force balance we can get:
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Discretize @@1 '\|

and solve the 1 /
transport model by
numerical method
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Suspension:
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Boulder initialization and parameter study HELMHOLTZ
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Boulder diameter—d (m) 1.0
Boulder density—p, (Kg/m?3) 2500
Water density—p, (Kg/m?3) 1030
Drag coefficient—C, 1.0
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X (m)

4. Boulder movement in 3D mode

Slope angle—a (°) 5
Fluid direction angle—¢/ (°) 45/45
Friction coefficient—A 0.5
Froude number—uy/(gh)%> 0~1

X

Boulder track in YOZ plane
Wave plane

Boulder track in XOY plane

Impulsive coefficient—k 0.5

Water depth—+ (m) 1.6
Flow velocity—u(t) (m/s) 4*sin(t)
Flow acceleration—a(#) (m/s?) 4*cos(t)

—e— Boulder track in total
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5. Validation and inversion in field observation data
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GFZz 5. Validation and inversion in field observation data HELMHOLTZ
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