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Introduction

0 .
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Introduction

e motivation: tsunami inundation modelling

« depth-averaged models (non-linear shallow water (NLSW) and
Boussinesq models):

— use Manning formula with coefficent for bottom u=%Rb2/3J§O
« Macro-roughness elements (buildings and tree vegetation):

— too small to be represented in numerical grid/mesh

— may be considered by increased Manning's coefficient

not physically sound large uncerteinties
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02.

Inundation modelling for the Tsunami Early
Warning System in Indonesia

Teichtweib-Institut
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Modeling software

« 2D numerical models (non-linear shallow-
water equation model, such as MIKE 21)

« Depth-dependent drag coefficient in
guadratic friction law from
Gauckler/Manning/Strickler formula

 high resolution required

* model distinguishes between area types
(e.g. streets, houses, vegetation)

« Eddy viscosity

RAPSODY Workshop, Braunschweig/Germany March 6, 2015 slide #6 ngi \ _[ DH I
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Bathymetry data phitan )

« Comparison of different >
data sets %

« Runup does notvary . .
anifi
S gnlflcanﬂy f@én (L) | A b s e (1) g Tt R0 < e
(Leschka, Kongko & sl ey | Do e
Larsen, 2009) ——

* -269--26.0 -10.9--10.0
e -259--25.0 -9.9--90
* -249--240 + -89--80
* -239--230 ¢ -79--70
* -229--220 + -69--60
¢ -219--210 ¢ -59--50
* -209--200 ¢ -49--40
* -199--190 ¢ -39--30
¢ -189--180 * -29--20
* -179--170 ¢ -19--10
* -169--160 * -09-0.0
¢ -159--150 ¢ 0.1-300
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Roughness data

* Onshore:
— Road lines
— Building mask
— Landuse data
— Digital terrain mode

. Digital Terrain Model

— Satellite/airial imageg

g

Road Lines

Building Mask

Satellite Image
WASY
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M I KE 21 FM Setu p Tsunami Model for Cilacap (Indonesia)

« Discretization: 2nd order time/space

« Timesteps: 0.01 — 10s (CFL_; = 0.8)

* Drying/wetting/flooding:
0.005/0.05/0.1 m

» Eddy viscosity: Smagorinsky

« Bed resistance offshore: 32 m1/3/s
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Generation of roughness

« Digital Globe image (2006):
Quickbird Bali South
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Generation of roughness

 DLR (2008): Landuse Data

— Hotel

— Office area

— Plantation

— Industry

- Settlement

— Paddy field

— Savannah

RAPSODY Workshop, Braunschweig/Germany March 6, 2015 slide #11 M DHI i )
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Generation of roughness

« Splitted into fractions ->
Manning no. From literature

- sand

— stone

- soil

— asphalt

- meadow

— Forest types

LW pi)
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Generation of roughness

e e.g. hotel areas:

40 % buildings "z @Y -
40 % meadow !g’ RN o
20 % t ' ~ ool W, -

March 6, 2015 slide #13 E; 1/\/ [ | i )
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Generation of roughness map

* Buildings
— resistant: M = 2.5 m3/s
— non-resistant: M = 11 m¥3/s

(Gayer, Leschka, Noehren, Larsen
& Guenther, 2009. High resolution
tsunami inundation modelling.
Annual meeting of AOGS, 11-15
August 2009, Singapore.
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Generation of roughness map

« Linearly interpolated roughness map Cilacap

B3 MIKE Zero - [Clocap_w32imap.m21fm]
® Fle £k Vew Run Window

D@ =8 SR

S|
o Tem
¥ s s ]

= o Hydlodmanic Mcdde
o Soluion Techniqus
o Frodand Dy

o Deraty Fomat |Vang in doman =

o Edty Vicosity e

¥ BodRessance

o Conols Forong. Data tie and hem |F \articles\SCS TW I\ Simulstons\Ciacap_Roughnes  Select ...
o \ind Forcing | — —
o 1ee Coverage

o TidalPoenesl

+ Decowing

¥ Oupss
< |
L=

VT vsbdston (Goiien 7
Ready
Wsn| | O] @@ * | Braacon. | & cogerat
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Meters§

T —
420 840 1680 2520 3,360

Surface roughness

Manning no.
[mA(1/3)Is]
25-26
Bl 27-50
s
B z-s
76-97
98-100
10.1-11.0
B 111-180
18.1-240
24.1-270
B 27.1-310
I 311-320
I 21340
I 341-380
B s -390
Il 391-470
I 47 1-700

LWI o
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Example results

* total water depth
* current velocity

> 7
; K7 i
@ g Velocity
'1{ Current velocity
- %
L [m/s]
fr 0
Total water depth 46-50 I
[m] 51.55 B :
00-0.1 56-60 B
B o2-05 6.1-65 %
B os-10 P es-70
-5 s 5
B 1s-20 Il 7s-80 6
B 21-25 Bl si-8s5 [ kg
B 25-30 B ss-90 T O
N 31-35 | BN
36-40 I o5 - 100 I -
- — — e 41-45 I 10.1-500 = Meter: I 10-40
b 420 840 1,680 2,520 3,360 rsl 0 420 840 1680 2520 3360 sl .
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Sensitivity

e M=35m3/s
VS.
M =5 mi3/s

* total water depth
» current velocity

RAPSODY Workshop, Braunschweig/Germany

-
b 445 890 1,780 2,670 3,560

Velocity, relative difference

[

I o.000-
I o.026-
I o0.051-

0.101 -

0.025
0.050
0.100
0.200

0.201-0.300 |
0.301 - 0.400
[ 0.401- 0.500
I 0.501 - 0.700
I 0.701 - 0.999
I 1.000- inf

Total water depth, relative difference
[
Il 0000 - 0.025
I 0.026 - 0.050
P 00s1-0.100
[ 0.101- 0200
0.201-0.300
0.301 - 0.400
I 0.401 - 0.500
B 0501 -0.700
B o701 -0999
I 1000 - int

March 6, 2015
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Hazard

Tsunami Hazard Map
Peta Bahaya Tsunami

1:30.000

Map sheet 1308331

CILACAP p—

Teunseni Modeling

Masonry, concrete & brick stiuctures
30- 70 m: partid damage
B ;70 s total damage
Waoaod-framed structures
2.1- 30 m%: unanchored: partial damage
- 3.1 - 70 ms:unanchored: total damage, anchored: patial damage
- »¥ 0m®:anchored: total damage
Hu rman stability
- h 1 m: not negociable without swimming
000 - 0486 m¥s, b > 0015 m: potentialy dangerous
» 046 ms: dangerous
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03.

Alternative approach
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Energy losses

* Energy losses during tsunami inundation
— Friction
— Drag
— Vortex
— Inertia
 Friction: Chézy (1775), Gauckler/Manning/Strickler u-tr s
— no viscosity -> fully rough/fully turbulent conditions "
- R, hydraulic radius (channel flow) c. _on’
— steady state

h¥?
— dimensional =
RAPSODY Workshop, Braunschweig/Germany March 6, 2015 slide #20 !/ t DH I
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Energy losses

* previous work:

— river engineering — vegetated/urban areas:
* Li & Shen (1973) « Augustin et al. (2009)
* Fisher & Reeve (1994) * Yuan & Huang (2009)
— proposed inertia coefficients « Suzuki & Arikawa (2010)
* Noji et al. (1993) * Husrin et al. (2011)
« Tsutsumi et al. (2000) * Huang et al. (2011)

 Harada & Kawata (2004)
— extensions to NLSW model
« Matsutomi et al. (2006) .

RAPSODY Workshop, Braunschweig/Germany March 6, 2015 slide #21

Goseberg (2011)
Huthoff (2012)
Li et al. (2012)
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Energy losses due to friction

« Bradford & Sanders (2002): Manning approach near wet/dry
boundary causes unrealistically large predictions of shear stress

« Haaland formula from pipe flow considers Reynolds number

_ 0204 _
In?|Re-+ (ks /14.80 )|

Ce

« still not applicable for vertical structures
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ise 1: Model validation and plauibility tests

P OO0
‘:')
Meth OdOIO A1 Flow condition: » 8 MNearfield:  Far field:
solitary wave o - Forces - Flowvelocities
»
= a1 bare - Water levels

L 3 2‘.’)

- M Basic understanding of influences of

. - Arrangement
{NS-VOF model: - ‘Fjl'-"‘anoe-"d_t_
FOAM, laboratory scale - ow condition

se 2: Parameter studv _— Nearfield: Far field:
e - Forces Flow velocities
Flow condition: X Water levels
bore X Transmission coefficient
Reflection coefficient

Dissipation coefficient

’P/ ) understanding of influences of
i x| - shape
v * - arrangement
e : Eft;‘ri:g ence depth
FOAM, laboratory scale 2 n

ise 3: Development of simple formulae

3D relations »empirical 2D relations
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Model validation

. 1chtweiB-lnstitut
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Validation

l. offshore:

a) forces on single cylinder due to regular waves (data by
Bonakdar, 2012)

wave generation, propagation, force calculation
b) solitary wave heights (data by Strusinska, 2010)
numerical dissipation
ii. onshore:
forces on single cylinder due to bore (Arnason, 2004)
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Validation

lil. Interaction in a group of
cylinders subject to regular
waves
a) comparison with laboratory
data (Bonakdar & Oumeraci,
2014)

b) plausibility tests with lab
data (Bonakdar, 2012) and
empirical relations

(dx,dy,dz) = (80,80,50)mm

layer ~0.5mm

Mesh scene of the bore validation

RAPSODY Workshop, Braunschweig/Germany March 6, 2015 slide #26 ’&\y \/ l DH I i ;
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Validation: i.b) Bore at a single cylinder

 tank of the Charles W. Harris Hydraulics Laboratory of the University

of Washington Dam-Break Gate

— dimensions: Z]

L/W/H=16.62/0.61/0.45m """

Column

|~ Gate Support

. S

h 4

— column diameter Dg = 0.14 m

— impoundment height h, = 0.25 m ‘(

0

Horizontal Scale, m
2x Vertical Exaggeration

Figure 4.1: A diagram of the tank (adapted from Moore (1999))

source: Arnason (2004)
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Validation: i.b) Bore at a single cylinder

forces on cylinder
T T T T

T T T T T T T T T T
« first result: - Numlj
— Lab
z
L]
-
[=] —
p=y
Ty
L
I L .fl r
Iy u Vs
oy Y
I
v
Il Il L1 1 1 Il Il Il Il Il Il Il Il Il
2 o e ue o @ @ o o o =} o [=] [=] <
=} — I Moo I o ~ o @ o ~ - o [es) =}
— — — — — ~
time [s]
RAPSODY Workshop, Braunschweig/Germany March 6, 2015
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Validation: i.b) Bore at a single cylinder

« bore at a single cylinder (Arnason, 2004)

ison of free surface data %

{v’\’:’ z —{_"I 3,
(X, vy, z2)=(-0.3,0,0.024) m

Free surface and velocity comparison
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20 mm water layer

17 dry bottom
Dﬁ =

p(dyn) (N)
2e+003-

——1000

e S ——
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Validation: 1.b) Bore at a cylinder

* Free surface in at red dots: interpolated free surface
upstream alphal: simulated water phase content in cells

cylinder face

]
o

1
E*s
~05
-0
0 E

RAPSODY Workshop, Braunschweig/Germany Tlme 0 00 s dry boﬂ_om 20 mm WCﬂ'er Idyer 2% L ;'J



Validation: Bore at a single cylinder

» Free surface data comparison

a)t=3s b)t=35s c)t=4s d)t=5s e)t=6s
0.3 0.3 0.3 0.3 0.3
0.5 || ®Lab(Amason, 2004) | 0.25 0.25 0.25 0.25
02 || =Num - 02 0.2 0.2 02
= = — = = °
E 015 E o015 E o015 E 015 | E o015 ,?AE,,‘: s
N N N N N a " mspmmb
0.1 0.1 01 fo pe 0.1 0.1
Pl 0% = Lpmw CI
0.05 0.05 ) 0.05 0.05 0.05
w % 8 & J,]THEVYT™
0 | ‘ | 0 | | 0 | 0 0 | | |
03 0.2 0.1 0 0.3 0.2 0.1 0 0.3 0.2 0.1 0 0.3 0.2 0.1 0 0.3 0.2 0.1 0
x [m] x [m] x [m] x [m] x [m]

Free surface comparisons at different time steps.
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Validation: Bore at a single
cylinder

« Bore at a single cylinder
— Deviation max. F ~ 1.6 %

time [s]

Inline forces
14
12 AN e el Lab (Arnason, 2004)
ARk - - -Num
10 7
.?/ ‘\
8 AN
NG
= 6
E \\\\/\
w2 <
2 s
0 v
0 3 I,‘”'I’\,\---__
2 M: V! v
- -
-4 — 1 —————— —
0 5 10 15 20

Force comparisons at different time steps.

RAPSODY Workshop, Braunschweig/Germany March 6, 2015

a) u(x) at (-0.3, 0, 0.06) m

2

15 i

—— Lab (Arnason, 2004)

= = =Num

u(x) [m/s]
<)
3

u(x) [m/s]

10 15 20
t[s]

Velocity comparisons at different time steps.
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Setup

« Distances:

0.5 Dg

1.0 Dg

2.0 Dg

3.0 Dg

« arrangement angle Wg:

— spans clockwise between

* main flow direction

» direction of next
roughness element

March 6, 2015

RAPSODY Workshop, Braunschweig/Germany

) side-by side (yiz=90°

Eied

‘‘‘‘‘

-

b) tandem (v5=0°) 1
A1

B-B.x

.

e) solitary wave domain

(11.2,4.16, 12)

832
(-8.-4.16, 0)

f) b
) bore domain (8,4.16,1.2)

8.32
(-28,-4.16, 0)

Origin of co-ordinates: bottom center point of cylinder 2 [

Basic arrangements of cylinders
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Setup

3D Navier-Stokes model:
OpenFOAM (OpenFOAM Foundation, 2010)

¢ Wwave cases: r_ igt—‘_r:\i +
— wavesToFoam toolbox 2 T Sesaict 7
(Jacobsen et al., 2012) = "‘L; "
* bore cases: —
— interFoam solver oo [0 |
b) Overview

Mesh scene of wave cases
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Setup

* numerical parameters:

{-8, ..., 11.2} m {-28, ..., 8} m
{-4.16, ..., 4.16} m {-4.16, ...,4.16} m
{0,...,1.2} m {0, ..., 1.2} m
0.08 m (180 cells/L) 0.08 m
0.01 m (22 cells/H) 0.0l m

0.22m -
0.6 m 0.9m
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Methodology

* Normalize and analyze

. * u(x)soliton,max
— flow field u(x)soliton,max — -0
u(x - )Soliton,no cylinder,max
- ' ' “ F(x)imax
forces in cylinders F ()50 =

F (X) single;max
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Results
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a) $g = 0°, solitary wave _
——cylinder 1
2.00 -
Tandem 3;:28 —— cylinder 2
’ 000 §igg —e—cylinder 3
— :?;1'00 o ® cylinder 3, GWK
« tandem arrangement (W¥g = 0°) gom A Gonalcare,
. . b U0 T O cylinder 3, LWI
— differences more pronounced in bore cases | °© < S
~ distance Rt I
. . . . b) Wg = 0°, bore
- differences decrease with increasing
distance
1.60
* bores: plays minor role ]
- solitary wave: at 3 Dg, cylinders Com T
. 0.60 -
independent 3:330 P
Mindao et al. (1987): K, = 0.836 + 0.141 In (Xg_g/Dg) oo []

Frax In three cylinders in tandem arrangement
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a) $g = 0°, solitary wave

——cylinder 1

2.00 -
_|l.80 i —»—cylinder 2
g1.60
31'40 ] —O6—cylinder 3
S1.20 -
'*'él.OO ] I ® cylinder 3, GWK
_£0.80 1 ' - (Bonakdar &
= ] ,a/ X’/ Oumeraci, 2014)
L 060 35 / O cylinder 3, LWI
0.40 +——¥ (Bonakdar &
] Oumeraci, 2014)
0.20 0 1 2 3™ " - Minado et al.
(1987)
Xg./Dg [-]
b) W = 0°, bore
2.00 -
1.80 -
1.60 -
—1.40 -
E120 -
21.00 |
H ] ""\
[ |
0.80 - -
0.60 -
00 o =S
k| x—/"%
0.20 -
0 1 2 3
Xg.g/Dg []

Fax in three cylinders in tandem arrangement

LWI piD)
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Overturning moments, wave cases, y;=90°

. - O 1:80 \ —X—solitary: num; cylinder 2
Side-by-side » ¢ oo | I
O $1.40 —6— solitary, num: cylinder 3
\:él.zo ™ <o rlegular, GWK: cylinder
» side-by-side arrangement (Y5 = 90°) = oo 7 o G o
— differences are more pronounced  roquar, LW oyinder 2
under bore conditions Too a2 3fMmeasawm

- distance: b) ¥, = 90°, bore
2.00 1

* solitary wave: at 3Dy cylinders act o0

almost independent Sy e\\%

 bore: differences vanish, but at 3Dg E100

0.80 -
cylinders receive higher load than 060
single cylinder 020 " o
%5.5/D5 [1]

Frax In three cylinders in side-by-side arrangement;
reg. wave case by Bonakdar & Oumerat%om)
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Overturning moments, wave cases, y;=90°

2.00 —+—solitary, num: cylinder 1
1.80 \\ )(\ —— solitary, num: cylinder 2
1.60 N
o —6—solitary, num: cylinder 3
O X 1.40 < -y y Y
= R i
’ O %1.20 = >~ 3 ¢ regular, GWK: cylinder
£ ——— 1
O 51.00 s .
£ O regular, GWK: cylinder
0.80 2
0.60 ¢ regular, LWI: cylinder 1
0.40 B regular, LWI: cylinder 2
0.20 )
0 1 2 3 |- - - Mindao et al. (1987)
Xp.8/Dg []
b) W5 = 90°, bore
2.00 -
1.80 -
1.60 -
—1.40 - N
120 = ==
=1.00 -
[T ]
0.80
0.60 -
0.40 -
0.20 -
0 1 2 3
Xg.g/Dg []

Frax in three cylinders in side-by-side arrangement;
reg. wave case by Bonakdar & Oumeraci{2014)
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c) Wy = 45°, solitary wave

2.00 1

—+—cylinder 1|

Staggered 1 oo Scomierz|

-6-cylinder 3

140 N

o £1.20 1 \
» o5 e
« staggered 1 arrangement (‘Yz = 45°)

0.60 -

— differences are more pronounced under wave

0.20 -
0 1 2 3

conditions s L]
— distance: e m A bore
: . . 2.00 1
 solitary wave: at 3Dg, cylinders independent | e

1.60
 bore: at 3Dg still interaction PPRSEIEN
%1-005 V}>&-—#

1 2 3

0.80 -

0.60 -
0.40 -

0.20 -
0

Xg.8/Dg []

Fiax in three cylinders in staggered 1 arrangement;
reg. wave case by Bonakdar & Oumeraci E%OM)
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c) Wy = 45°, solitary wave
| I N | |
—+—cylinder 1
i —>—cylinder 2|’
1.60 ] X —©-cylinder 3|
—1.40 1 AN
% ]
E120 - —
5/1.00 3
] 7
080 + &
0.60 -
0.40
0.20 1
0 1 2 3
Xg.g/Dg [-]

2.00 -
1.80 -

=

\/
\

b) ¥y = 45°, bore

2.00 -
1.80 -
1.60 -
—1.40 -
120 —
Z1.00 4
L ]
0.80 -
0.60 -
0.40 -

0.20 -
0 1 2 3

Xg.8/Dg []

Fax IN three cylinders in staggered 1 arrangement;
reg. wave case by Bonakdar & Oumeraci (2014)
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c) W = 45°, solitary wave
2.00 —+—cylinder 1|
1.80 —¢cylinder 2 [
1.60 X, -©-cylinder 3|
= 1.40 +
» o] SRR
51_00 QP\Q
— (o] w b
« staggered 1 arrangement (‘Yz = 45°) 080 -
0.60 -
— modified from Hori (1959): 0]
0 1 2 3
CD=CD.1:\:\:'.|aer§CL= 0 XB-B/DB [-]
om0 - !l’®-! \ ?*‘ - - ‘C’D;Cm:ylimr b) "PB = 450, bOI’e
\\\® I' 12 ‘ » 2.00 1
- .\ I\ /t®\ ® d 1.80E
@ - ‘\-5}’” '-‘{} -~ Re=8x10 1:60
— - - ' To \;1 /(11'2 e T 140 X
o .,\) ol £1.20 1
P MRS S A X100 1 I n amma
. : i E &
- /./ ! \A@;‘ e LL0.80;
@Y pedeee 060
Gu=e £\ | T T~ 0.40 -
¥ . ~ €p = Coiteytinger ]
\ le.oo ~. 0.20 -
\ ' 0 1 2 3
Co = Co,teylinger XB-B/DB [-]

Frax in three cylinders in staggered 1 arrangement;
reg. wave case by Bonakdar & Oumeraci §2014)

: : W UATT
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Staggered 2

>
« staggered 2 arrangement (Yz = 135°)
— differences are more poronounced under
solitary wave conditions

— distance:

 solitary wave: at 3Dg,
small interaction

* bore: at 2Dg,
small interaction,
differences vanish

Source: modified from Hori
(1959)
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a) W = 135°, solitary wave

2.00

1.80 -

1.60 - o\
—1.40 -

81.20 | AN

X100 - ———o
w 1

0.80 -
11 [T

0.60 -

0.40 -
0.20 -

0 1
Xp.5/Dg [-]

b) Wy = 135°, bore

2.00

1.80 -

1.60

140 - 0\
§1.20 -

2100 -
" 080 - yaul

0.60 )/

0.40 -

0.20 -

0 1
Xg.g/Dg []

Frax In three cylinders in staggered 2 arrangement
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a) W = 135°, solitary wave
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a) W = 135°, solitary wave
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Results
« cylinder 1:

« cylinder 2:

» cylinder 3:
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Results

« averaged standard deviations of solitary waves and bores for
arrangement angle and distance

0.22 0.30
0.18 0.11

 offshore conditions (solitary wave): both parameters have
comparable influence

« onshore conditions (bore): arrangement dominates
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Summary, conclusion; outliook
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Summary, conclusions

« 36 numerical experiments to quantify the importance of distance and
arrangement between roughness elements

* model has been well validated (deviations to experimental data: < 2
%)

* numerical results agree well with laboratory data (Bonakdar &
Oumeraci, 2014) and literature

 offshore conditions (solitary wave): distance and arrangement are of
comparable importance

« onshore conditions (bore): arrangement dominates
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Summary, conclusions

 loads on roughness elements result are related to energy losses in
flow regimes offshore and onshore
« for empirical formulae in depth-averaged models
— both parameters largely influence the results and need to be
considered

— especially for inundation modelling, the arrangement is of high
Importance
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Outlook

« Almost finished systematic simulations of large groups of roughness
elements investigating

- Size

— height

— arrangement
— distance

» development of empirical formulae and implementation into NLSW
model
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