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Cause

Criticism of the draft version of the recommondations (issue Nov. 99)
,Design of bank and bed protections (MBB)*

concerning:

* Relevant driving situations
(ship speed, eccentricity, draught)

* Relevant hydraulic loads
(bow wave, drawdown, stern wave, breaking transversal stern wave)

e Necessary minimum stone size

Performance of navigational experiments to verify and calibrate an
existing calculational approach BAW

)
N 4
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Loaded vessels Empty/ballasted vessels

Site investigations WDK - preparatory tests

Preparatory site investigations

» real ship speed, path excentricities, » 1 week day/night unnoticed wave and traffic observation
wave heights In a canal section with riprap bank protection

Geschwindigkeitsverteilung der Schiffe
mit Abladetiefen T<1,30m

0.4

- allowed Shlp — zul. v =3,33m/s
C speed: 12 km/h [Berechnung v,., nach Schijf (PIANC)|
i“ 09 JG=U30ms 025 ] — -
2 .20 11 Most frequent Critical ship
2 O :. .1/ value=0,93 vy, speed (1D-theory)
0 T T T T T (I:“ |
12 16 2 24 28 32 38 4 44 48 £ 00
Schiffsgeschwindigkeitin m/s )
N\ 0.05
Geschwindigkeitsverteilung der Schiffe \ 1
mit Abladetiefen T >2,0m 0.00
or — \ 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20
- | allowed ship e : :
£ 1 speed: 10 km/h PR TN relative ship speed v /v,
T 02 1 \
2 - A\
i \
= | ~_
0 — T - r r 1 °* 1 T 1T T T T T~ T .
12 16 2 24 28 32 36 4 44 48 60% faster than permitted BAW
ship speed in [m/s]
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Site investigations WDK - performance

Performance of the navigational experiments
Track selection

Requirements:
 Prismatic canal (Is>b
ol s * low flow velocity

* low traffic

e * * possibility to make retests under similar
) w.;‘ conditions

« feasibility concerning measuring techniques

]

canal)

Wesel Datteln-Canal (WDK)

i 24
[DUSSELDORF \\
' 3 =

| . 4 WDK-km 46,400 - 46,600
’I F“""“‘”:T.; o e P o |< bWSP.req. = 55,0 m >| mreq::23’4030
' Lk, \ Dywsp ex. = 52,25 M / ex. — 4
Nieq. = 4,00 m
Kars. . o | | ‘ I hex. = 3,98 m
nnnnn s 3 MONGHEN < bs,req. = 31,0 m > Areq_ — 172 m2
o i) bs,ex. =33,44 m Aex. = 165,8 mBZAw

D
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Gauging methods

On-ship measuring devices

WDK-km 46,500

A\

Site investigations WDK - Gauging methods

GPS receiver

Test ship z

GS84

 Location through DGPS (v

s,above ground?

squat; trim)

» Check of default track with DGPS (real-time)

* propeller: rate of revolutions and used power

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe « Hamburg - lImenau
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Gauging methods

Flow measurements

WDK-km 46,500

acoustic velocity probes
(,Vector*; NORTEK/Sweden

(,Workhorse Rio Grande, 600 kHz"; RDI/USA)

)
NV

3D-v-Probe

bed

punctual,

3D-measurements in'bed vicinit

vertical profiling,
3D-measurements

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe « Hamburg - lImenau




Site investigations WDK - Gauging methods

Gauging methods
Measurements of ship induced waves

WDK-km 46,500
I 46,600

E

Ultrasonic probes:
wave heights in several
distances from the bank

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau




Gauging methods

Measurements of ship induced waves

WDK-km 46,500

_ @

Pressure probe
(Driesen&Kern/Germany)
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Site investigations WDK - Gauging methods

Gauging methods

Measurements of ship induced waves

WDK-km 46,500

AIU I‘aCk —f}: ,_'

Videocamera -

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau



Site investigations WDK - Gauging methods

Gauging methods
Video Measurements of stone movements

CP_f?_’_490 WDK-km 46,500 | _, 46,560
. S 46,600
A i } ! I | Graywacke
I | class
I —— — | | dysox12 cm
Sandstone Graywacke | | | | o . || p=2,68t/m3
class Il: class Il: |, ; ? 1 e :
dysox16 cm === dysox16 cm [4---mmm-mmmmeee- B i B =
p=2,58 t/m3 p=2,68 t/m? | | .
[ 1
- !
Videocamera ;
Y %‘" |
I
| I

Messzelt

\
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Site investigations WDK - Gauging methods

Gauging methods
Force measurement on an idealized riprap element

WDK-km 46,500
46,400 :

46,506 46,600

1
1
1
= 1 e AXi
O B | N P S e ___AXIS
(Q\ I
N : I
(9] : [
25cm ; :
above I |
\1 46 water ; |
k¢ surface | ;
Ball Carpet" ' \ Fuoward pressure
g F *~(+)F,,, Looking to the west,
ﬁ5lcm Measuring ball v in which direction the
elow : A i :
water 5 cm exposed ox Shipis going
surface
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Site investigations WDK - Gauging methods

Gauging methods
Overview on measuring cross-section

video measurements video monitoring
of stone movements WDK-km 46,500 of gauge

23.10.02

force measurements

on idealized riprap elements
wave height

coloured riprap test areas
measurements

flow measurements BAW
—_—

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau ‘




Site investigations WDK - performance

Performance of navigational experiments
Used vessels

L arge motor vessel ,Main“ Tugboat ,Mignon* Police boat

L =105,00 m

B=11,00 m B=4,00m

JP—— 1,70-2,70 m L —— 1,70 m

Py =1200 PS Py =420 PS Py =250 PS
Dprop_ = 1,58 m mep_ =1,50m

70 test runs 9 test runs 9 test runs

@ Variation on bank distance and ship speed i; BAW

ﬁ Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau




Threshold of stone movement

Site investigations WDK - performance

Performance of navigational experiments
Examples of test drives with surface erosion

»

Severe erosion

Tugboat drive Sept. 28th 2002
T =1,70 m; v.=3,80 m/s; v~ 4,03 m/s

average

side of ship - bank: 9 m

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau




Site investigations WDK - vessels and impact types

Design of bed and bank revetments in canals
Relevant vessels and impact types

Most frequent impacts from:

highly powered modern motor vessels, with:
e max. permitted draught or totally empty vessel

e driving with v, = v,

Less frequent impact from:

* propeller jet and scour
— eventually clamped riprap
at berthing places if necessary

* tugboats, solitary driving pushboats,

* near the banks required recreational boats
drawdown time t , —» m?nimum — necessary min. freebop%g ater
thickness X S
of the e — _
waterlevel : t=0 t=t5t=
revetment= ~ . [
water level : t =t '
f (tw Hp) | wat
e | re_:q_uwed
"% | transversal stern minimum
X " Jwave height H ™ stone 2
» S|Ope.SUppy ﬂOW A7 3 SIZG/WGIght hydr()stanc excess pore AU
velocity v, = f(Viax: Vrs HR) pressure : water pressureg oy
t=t, —

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg -

a

Ilmenau
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Site investigations WDK - ship waves

Ship induced waves
Primary & Secondary wave field

wave crests
::econdary waves

Interferenzlinie Heckwellensystem

S
- - i ‘_r__-d - N
- Interferenzlinie Bugwellensystem
Querwelle Tm o
(Heckwellen- et ,/’/ Querwelle
system) , - , = 4{ {Bugwellensystem)

o =19,47°

L

Schrigwelle

oblique wave
Interference line

Uferlinie

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau




Site investigations WDK - ship waves

Ship induced waves
Primary & Secondary wave field

B (water surface rise
V< V.. Ahs ¢ face ri
Krit ‘including bow wave) V = Vit und V = Vit
backwater drawdown
effect time t drawdown o ondary waves
a fime t
V secondary waves a o NN
V
— — mﬁt/ﬂh Sek h Ah A
s - T =, ANB__Y Sek
= ANB B . = e
HB Y HH ~ AhHeck A -H
(stern AhHeck R . |
drawdown) (Stern (Stern wave
bow drawdown ¥ drawdown) - height)
primary wave PP
primary wave

Progress lines of primary and secondary waves for different
ship speeds (stationary observer on bank) BAW

)
N 4
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Site investigations WDK - analysis

Analysis of the experiments

88 seperate experiments

1l

Selection of experiment with
well defined conditions
(no surges, no traffic ...)

1y

Analysis of 68 single navigational experiments regarding ...

flow velocities: sounding data: GPS-Data: wave measurements:
 return currents * cross section = ECCEMINICITy * stern wave height
« slope supply flow geometry . shlp speed * bow wave height |
e critical » secondary wave height
ship speed e bow drawdown

: « stern drawdown
video: force measurement: « drawdown time
» sStone movement » direction of impact

BAW

)
N 4
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stern wave height

Ahneck + Ahsek[m]

-0,10 1|
-0,20 1
-0,30 1+
-0,40
-0,50 -
-0,60 -
-0,70
-0,80 -
-0,90 -
-1,00 -
-1,10
-1,20
-1,30 -1
-1,40

0,00

0,00 '__—__ — oy — T

1,00

2,00

Analysis of the experiments

Determining critical ship speed
near bank drives of "MS Main", eccentricity: 9 - 12 m, T=2,70 m

3,00

4,00

5,00

6,00

7,00

8,00

9,00

10,00

Site investigations WDK - analysis

11,00

12,00

—

-
Ty

~

~

/

[j/El

ship speed [km/h]
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Site investigations WDK - comparision calculation - measurements

Comparison with calculational approach

Vser = Y, - ghm

Tugboat

]

0,60 rd
*—__| MS Main
Yer 0,50 SM\ T=1,7m
N 440

Y., middle path

e b

0,30 / . & MS Main,T=2,7 m, middle path |
MS Mal n & MS Main, T=2,7 m, near the bank
0.20 T:217 m MS Main, T=2,7 m, eccentrically i
’ ® MS Main, T=1,7 m, middle path
MS Main, T=1,7 m, eccentrically
0,10 _ |
® MS Main, T=1,7 m, near the bank
/ tugboat
0,00 ‘ ‘ ‘
0,00 5,00 10,00 15,00 20,00 25,00 30,00
n:AK/AS

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau

Critical ship speed without corrections

1D-Canal theory after Schijf
(Bernoulli + continuity equation for
Vewurn=CONSt., squat=drawdown=const.)

Results:
* Vscr,Measurement < Vscr,calculation
* Influence of eccentricity low
» shallow water effect is not
negligible: tugboat
b. (canal width)

7 bs

b z%'(Is +3b;)
effective width of
return current—_ BAW

fieldbe<bc P




Site investigations WDK - comparision calculation - measurements

Comparison with calculational approach
Critical ship speed with corrections

1,00
1o || 1D-Canal theory after /Schijf/ | [ With corrections Results:
_ Tugboat

0s0 4 Vser = Yo, 4/ Oy, / 19hoa « 1D-Canel theory neglects

< / f// friction losses
0,70 — oy

) considering boundary
0,60 _~ ‘ layer effects by
/% *—____ | MS Main displacement thickness
yCI' 0,50 /> T:1,7 m (AS,eff)
0,40 k _ | ) » 1D-Canal theory neglects
/ \ without corrections shallow water effects

0,30
/ MS Main _ |
0,20 T=2,7m - consu_alerlng return currents
/ effective width: A, 4 —> Ngg
0,10 /
0,00 T

0,00 5,00 10,00 15,00 20,00 25,00 30,00 BAW

—
.neff:AK,eff/As,eff )
ﬁ Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau ,‘




Site investigations WDK - comparision calculation - measurements

Calculational approach
Drawdown time t_

| ! |
i B
/ I8 ) s .
_ / — —
m , “ g 5 Vg=
— f/ ; taB ta
o __ ~Y ‘\ ¢
y ~ AN
I _ ‘
BH ! u
. i t,g = const e
_ v b Vg
7 I
— _ BH
— u _ taH - 1:aB - Vv
N potential S
vortex
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tag * Vs, average [M]

Site investigations WDK - comparision calculation - measurements

Calculational approach
Drawdown time t,

70,00
mom100
gm0 -
60,00 4| mgm80 -
@ galoo
ga9o 0
50,00 1-1 o gaso 0 s
A gb100 u -
gh90 O »
40,00 4
A gb80 [ ]
0O Msm100 u o " -
30,00 4|/ Msa100 ®
11 Msb100 ¢ H4A A o
# SBb100 Nl 4 /
20,00 * % _—
/
/
10,00 -
/ ta,Bug = 1,5 Uesf/ Vs
0,00 T

0,00 5.00 10,00 15.00 20,00
Ugr [M]
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Site investigations WDK - comparision calculation - measurements

Calculational approach

. b Primary wave field
lr , displacement]thickness
LA A o Ah average drawdown
Nett = "A_ ¢ Vg average return
> current velocity
1D - theory (Schij SAh  _
_ y (Schijf) V., from e 0
I S
i effective ship ,
effective canal Cross section A, .4 PIANC "87
Cross section A 4
f (ship type) —‘ Ah =f_ Ah
results A L
of Ve =T, Vg
WDK- <

experiments

@ Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg -

(fi,, ) =1 ( AI\S/AC‘)A

S
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Site investigations WDK - comparision calculation - measurements

Comparison with calculational approach
Average and maximum return current velocity

vin m/s

Ball carpet
MS Main drive Sept. 27th 2003 S37,60m +NN oo /\
Taverage= 1,70 m; veav = 3,11 m/s £ 37.45m
average distance side of ship - bank: 10 m o
,oum
4,0 m v =
o — SH03m Probe 5
o IR { ~33,60m +NN \T/
—/ \ < e —

o _ o\
S -1 RGSUltS Probe 3

y VR,average,meas.:]'’O2 m/s ~ VR,average,caI,:0197 m/s

=1,35 M/S > Vg 10 ca.=1,21 M/s

H Probe 3

-3 i

10:48:30 10:48:40 10:48:50 10:49:00 10:49:10 10:49:20 10:49:30 10:49:40 10:49:50 10:50:00
Uhrzeit

[}
VR, max,meas.

' _. - xi; /
0 4 N L
f/
-1 J
//\\/ |
~ !l Probe 5 ‘// —

10:48:30 10:48:40 10:48:50 10:49:00 10:49:10 10:49:20 10:49:30 10:49:40 10:49:50 10:50:00
Uhrzeit
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Site investigations WDK - evaluation

Drive evaluation
Determining wave heights

Excentric drive of "MS Main", distance side of ship - bank: 15m, T=2,7 m
38,00 | ‘

[
Vv, =9,6 km/h ultrasonic probe
37,80 bank distance: 6 m
’ A sec

37,60 l AhB # PO W |

e N -__dk{ %A/-\AM\NJ‘—\ RWS
3740 T \ A A [V V)
37,20 \ AhB’bOW ~ Av/

\/\ Ahstern /
o \FZaVAVLYN

A" \v| VUL-\
bow wave height: V\/\A\\w / stern wave height:
36,80 4 !

H B — Aﬁ\B,bow + AhB H H — AI:]\stern + Ahsec

36,60 : T : T I r r ' I ' ' ,
43840 43845 43850 43855 43860 43865 43870 43875 43880 43885 43890 43895 43900 43905 43910g nyas

D
Federal Waterways Engineering and Research Institute (BAW) Karlsruhe « Hamburg - lImenau ,‘

Course of primary and secondary waves
height in m+NN

time in seconds




Comparison with calculational approach

Calculation Hypow Using measured vsinclusive shallow water effects by ner,
influence of eccentricity (fpianc) after PIANC: Hpow = 1.1 * fpjanc * Ah
Ah and v, from 1-D canal-theorie

Site investigations WDK - comparision calculation - measurements

1,40 > _
V < Vit S e e B+ Ut e P * Gm 100
welliger Anteil des ” o Gm 90
1 20 i Bugstaues) _ s
, Vv Sekundérwellen ~ AGm 80
-— E l ,—-..h_,\_/—-\' Ah Sek P -~ e Ga 100
=i —1 Ia - o Ga 90
1'00 T =HB | 4 ' ':hl}_(Bng I H, = ARHecx 7
i N\ & é[Heckabsunk) - 4Gago
¥ e . Gb 100
9 Bugabsunk C P
% 0,80 + Primarwelle gy Gb 90
3 . > Gb 80
i . MSm 100
g 0,60 - MSa 100
I n / °
" g PR MSb 100
[u} o o® m SSb
0,40 . oo
N
A"k
0,20 A~ ~
”
/ L]
P Hs £11)Ah,
0,00 =~
0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau

HB, measured




HH, calculated

Site investigations WDK - comparision calculation - measurements

Comparison with calculational approach

Calculation Hy using measured vsinclusive shallow water effects by neg,
influence of eccentricity (fpianc) after PIANC: Hy = 1.1 or 1.3 *fpjanc * Ah

AF\ und v from 1-D canal-theorie

1,40 _
.-".hB Wasserspiegelanspannul n
V< Vkrit \(mr dem Bug + ggf. lang- ’ P <
welliger Anteil des ”
1’20 - Bugstaues) P 7
Vv Sekundérwellen P ”
100 ! e iﬁ g P P .
) =HB 1 ) _?__(BH?J HH =| \NHeck _ P a " .
P ‘ (Heckabsunk) P ™
Bugabsunk T -~ g
0,80 T Primarwelle ,
P 7’
7 @,
27 -
0,60 g -
o
- .
o - ®e
A . P L 4 * =
0t &= Hu £(Cw) AR
A7 stern
- Cy=1,1:infand ship, loaded
0,20 > A : : —
- C,=1,3: inland ship, partly loaded
P C,=1,3: tugboat
0,00 T T T T T T
0,00 0,20 0,40 0,60 0,80 1,00 1,20

HH, measured

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau

1,40

¢ Gm 100
o Gm 90
AGm 80
¢ Ga 100
o Ga 90
A Ga80
Gb 100
Gb 90
Gb 80
MSm 100
MSa 100
MSb 100
m SSb

)
N 4

BAW



Site investigations WDK - comparision calculation - measurements

Calculational approach
A B Slope supply flow

wave character of the
slope supply flow ,tongue*:

Cy = ENOE H, wave celerity

Cy <<V : unimportant slope
supply flow

wave will overtop
the ship — breaking
(significant slope
supply flow) for:

|

Cw :C*°\/g'HH gvs

‘ Parameter

refill (slope supply) flow v

V / J =
S <<
g-Hy
Y B HHl
Cs0sQ00sGsQsQIVIVIVICIVIGIG h
BAW

Federal Waterways Engineering and Research Institute (BAW) . Karlsruhe - Hamburg - Ilmenau
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Site investigations WDK - comparision calculation - measurements

Comparison with calculational approach
Slope supply flow - velocities u,.,,

1,200
Fr’-0.71
lu_. ~1.0-v ~ . 11— : . ~ | @ Gm 100 / umax measured
1,100 | Zmx 2 Urex 0.3 U 0.7-11 1.12 Vs Urex 0.3 Vs 0 Gm 100 / umax from Fz
®m Gm 90 / umax measured
1,000 0 Gm 90 / umax from Fz
A Gm 80 / umax measured
| @ Ga 100 / umax measured
et 0 Ga 100 / umax from Fz
m Ga 90 / umax measured
» 0,800 0 Ga 90 / umax from Fz
3 A Ga 80 / umax measured
x 0,700 | Gb 100 / umax measured
= Gb 100 / umax from Fz
S Gb 90 / umax measured
0,600 Gb 80 / umax measured
MSm 100 / umax measured
0,500 MSm 100 / umax from Fz
Msa 100 / umax measured
0.400 - MSa 100 / umax from Fz
' MSb 100 / umax measured
A A A MSb 100 / umax from Fz
0,300 - [ @ SSb / umax from Fz
0,200 T T T T T T T T T
0,400 0,600 0,800 1,000 1,200 1,400 1,600 1,800 2,000 2,200
Fre=0.71 2 2 Fr2=1.83
Fr2=v2/(9 Hpay) —BAW
(from (H/h),,0ac=1,4 after Pilarczyk, 1995) (from (H/h),,.2c=0,55 after Nelson, 1994) \
|

@ Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau ‘



Site investigations WDK - comparision calculation - measurements

Comparison with calculational approach

HH/ Uetf [']

0’18 T | | | ‘
m MS Main, loaded: breaking waves
016 4 AT T MS Main, loaded: slope supply flow
N | | | | MS Main, loaded: non breaking waves
0144 N o . _—
N\ ! A ! ! 0O MS Main,empty: breaking waves
N | A | A A . _
012 +4----------- N N R breaking waves . MS Main, leer: slope supply flow
N slope supply flow | A Schlepper: braking waves
0,10 qpon breaking-waves- > ---—--—-—-—-—-—--7-—-[F--7--------—--—----—~ e
Q\ significant N " u Di Schlepper: slope supply flow
N\ slope supply flow N\ | | A | ; ; | | |
0’08 - \ | \ | | | | | | | |
N B - l l l l l l l
N N l 0 l l l l l l
| N N | | | | : :
0,06 \ | \ | | | | | | |
N EERNG e
| \ | | \ | | | | | |
0,04 1non i N N\ ‘ i N i i i i i i
breaking SO N
0024 waves WEF g4 D LN o FE— S S I
‘ N N | | | | |
l l N LN l l l l l
0,00 T T T T n T T T T T T T T
0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60 1,80 2,00 2,20 2,40

Fr=(VstVrmax) ?/ [ 9 (hm-Hy)] [-]
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Site investigations WDK - evaluation

Drive evaluation
Determination of stone movements

Y% - %
L

"

=

MSb_100. 04-

@~

before experiment

MS Main Sept. 27th 2002
Taverage_ 1 70 m

VAV, = 3,11 m/s
distance ship side - bank: 10 m

R _-—~ tugboat Sept 9th 2002

S , Taverage_ 1,70 m
| V=V¢,= 4,03 m/s

dlstance shlp S|de bank: 12,3 m

small stone deplacement

after experiment

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau



Site investigations WDK - evaluation

Drive evaluation
Required stone size to avoid erosion caused by breaking stern waves

10 |
o || Hi measured stern wave height HH |
Ds,: grain diameter (50% line) .
g8 4| B‘g=1,5: significant maintainance effort necessary P pj .m3
B‘g = 2,3: small maintainance effort necessary P

SR : /
A MSb100(F1

3 X Sb(F1) —
/é/ AMSb100(F2)
2 X Sb(F2) -
MSm100(F3)
1 Sh(F3) -
SBb100(F4)
0
0 Jthreshold” ¢ few* .some* ~destruction” 5

damage index

Federal Waterways Engineering and Research Institute (BAW) Karlsruhe - Hamburg - Ilmenau




Site investigations WDK - evaluation

Drive evaluation
Force measurements on an idealized riprap element (ball)

Msb100_02 Startzeit 10/27/2002 10:09:04,64 delta0,050000 Abtastrate2d
60
4 |
4948 40- > - i ~Fx 4948
. abOV e ol E o 3 P i ’rim :‘%r'%.r_m;N:,’__‘,mw&.r;ﬂ.,-w--q;,.M\,.WJM-.#Aw-»«‘-‘~“‘\W.,w i::i :gjg
| water | 4 LT |
of & el ; st
surface | °7 S — «\J
204 i
40' Ball fall dry MS Main drive
900 930 1000  10:80 1100 11!30'\' 1200 1230 1300 Sept. 27th 2002
10
40 - - - Taverage: 1,70 m
4949 . force changes in VeVg,= 3,11 m/s
below |*] ~ | comparison to distance: 10 m
Fupward oressure | Water o4+ < { initial conditions - S SR —
surface| 1 § - Fy 4949
F 201 O Fz 4949
z { ©
7 a0 W
measuring
D - el fi i M (A ] Zeit []
ball ] 2 14:00
F Results: B b V,
X e largest force ~ parallel to bank (F,)) ’ 4 2
embankment n lift 1 y
* thrust- (F,) ~ uplift force (F,) c, ~ 0,35
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Site investigations WDK - conclusions

Conclusions
... from comparison calculated - measured

« critical ship speed in canals are overestimated in 1D-canal theory
(approach MBB, issue Nov. 1999).

G
(7]
> mm) boundary layer and shallow water effects are to be considered,
for example via n
« observed wave heights (in particular bank near drives with vi>v, )
Im are larger than in MBB, issue Nov. 1999.
T mm) considering parameters depending on T/H and eccentricity,
L seperating bow- and stern waves
» The formula for needed stone size after MBB, issue Nov. 1999 overpredicts the
?,' stone size (coefficient B';). Beside wave height the needed stone size is also defined
S by the ,refill current® of the breaking stern waves.
Lo
0

mm) calibrating coefficients due to registered stone movement
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