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Beispiele: Berechnung von Wellenbelastungen an vertika-
len Wänden 
A. Hafenmole
Vergleichende Bemessung einer Hafenmole auf Standsicherheit 
für Wassertiefen d1 = 10m und d2 = 20m.
Bestimmung der erforderlichen Aufstandsbreiten b1 und b2 [in m] 
unter Berücksichtigung vorgegebener Sicherheitskriterien für  
(gegen) Gleiten und Kippen.
Der Untergrund sei durchlässig; Sickervorgänge sollen aber 
unberücksichtigt bleiben.
Definitionen:

3,1≥=
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St

M
Mν

3,1≥⋅
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F
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Charakteristische
Wellenwerte: Fall 1

d1 = 10m

H = 2m

L = 50m

0,2 < 0,78
       < 1,0

0,12 > 0,04

Fall 2
d2 = 20m

H = 2m

L = 50m

0,1 < 0,78
       < 1,0

0,14 > 0, 04=⋅=⎟
⎠
⎞

⎜
⎝
⎛

L

d

L

H π2
tanh142,0max

=
d

H

Die Stabilitätskriterien sind für fortschreitende und für reflektierte 
Wellen erfüllt !
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Fall 1 Fall 2

Einheit

Wassertiefe

Wellenhöhe

Wellenlänge

Freibordhöhe

Erdbeschleunigung

Dichte des Molenbaustoffes

Wichte des Molenbaustoffes

Dichte von Meerwasser,
Salzgehalt 3,5%, t = 10°C

Wichte des Wassers

Reibungsbeiwert zwischen
Bausohle und Untergrund

Sicherheit gegen
Kippen und Gleiten

d

H

L

bf

g

ρM

ρM⋅g

ρW

γ = ρW⋅g

µ = tan α

ν

m

m

m

m

m/s2

t/m3

kN/m3

t/m3

kN/m3

10,0

2,0

50,0

1,0

9,81

2,2

2,2 ⋅ 9,81 = 21,6

≈1,027

1,027 ⋅ 9,81 = 
10,07

0,3

1,3

20,0

2,0

50,0

1,0

9,81

2,2

2,2 ⋅ 9,81 = 21,6

≈1,027

1,072 ⋅ 9,81 = 
10,07

0,3

1,3

1. Eingangswerte
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Belastungsbild nach
ANTONELLI
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2. Bemessung nach Antonelli:

Molenhöhe:
M f

H d H b= + +

Moleneigengewicht/Meter:
G g H bM= ⋅ ⋅ ⋅ρ

m

kN

10 + 2 + 1 = 13

21,6 ⋅ 13 ⋅ b = 280,8 ⋅ b

20 + 2 + 1 = 23

21,6 ⋅ 23 ⋅ b = 496,8 ⋅ b

Wasserlast/Meter:
horizontal:

1R g H d= ⋅ ⋅ ⋅ρ

2 2R g H
H

= ⋅ ⋅ ⋅ρ

F W R RH b= = +1 2

vertikal:

3 2DR
g H b

=
⋅ ⋅ ⋅ρ

3RR g d b= ⋅ ⋅ ⋅ρ

F R R RV D R= = +3 3 3

kN

kN

kN

kN

kN

kN

10,07 ⋅ 2 ⋅ 10 =   201,4

10,07 ⋅ 2 ⋅ 2/2=  20,14

201,4 + 20,14 = 221,54

10 07 2

2

, ⋅
⋅ =b  10,07 ⋅ b

10 07 10, ⋅ ⋅ =b 100,7 ⋅ b

( )10 07 100 7, ,+ ⋅ =b   110,77 ⋅ b

10,07 ⋅ 2 ⋅ 20 =  402,8

10,07 ⋅ 2 ⋅ 2/2=  20,14

402,8 + 20,14 =            422,94

10 07 2

2

, ⋅
⋅ =b  10,07 ⋅ b

10 07 20, ⋅ ⋅ =b  201,14 ⋅ b

( )10 07 20114, ,+ ⋅ =b  211,21 ⋅
b
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2.1 Fall I (d = 10 m)
2.1.1 Bemessung auf Gleitsicherheit

3,1≥⋅
=

BW
Gµν

( ) ( )RGRR 321 −⋅=+⋅ µν

( ) ( )bbRR ⋅−⋅⋅=+⋅ 77,1108,28021 µν

( ) ⇒⋅⋅=+⋅ bRR 03,17021 µν

( )
03,170

21

⋅

+⋅
=

µ

ν RR
berf

01,51

00,288

03,1703,0

54,2213,1
==

⋅

⋅
berf

berf = 5,65 m
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2.1.2 Nachweis der Kippsicherheit

Kipp

dS

M

M tan=ν

bRbRR
d

R

b
G

DR
Hd ⋅+⋅+

⋅
=

⋅⋅+⋅⋅ ⎟
⎠
⎞

⎜
⎝
⎛ +

3
2

2
1

2

2

3321 3

ν

bbbb

b
b

⋅⋅⋅+⋅⋅⋅+⋅+⋅

⋅⋅
=

⎟
⎠
⎞

⎜
⎝
⎛ +

3
2

07,10
2
1

7,10014,20
2

10
4,201

2
8,280

3
210

ν

2

2

06,5783,1221

4,140

b

b

⋅+

⋅
=ν

aus 2.1.1 bekannt: b = 5,65 m

2

2

65,506,5783,1221

65,54,140

⋅+

⋅
=ν

33,3043
92,4481

=ν

ν = 1,47 > 1,3
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2.2 Fall II (d = 20 m)
2.2.1 Bemessung auf Kippsicherheit

Kipp

dS

M

M tan=ν

bRbR
H

dR
d

R

b
G

DR ⋅+⋅++

⋅
=

⋅⋅+⋅⋅ ⎟
⎠
⎞

⎜
⎝
⎛

3
2

2
1

32

2

3321

ν

bbbb

b
b

⋅⋅⋅+⋅⋅⋅+⋅+⋅

⋅⋅

⎟
⎠
⎞

⎜
⎝
⎛ +

=

3
2

07,10
2
1

14,20114,20
2

20
8,402

2
8,496

3
220

ν

2

2

28,10723,4444

4,248

b

b

⋅+

⋅
=ν ⇒

⋅+

⋅
= 2

2

28,10723,4444

4,248
3,1

b

b

( ) 22 4,24828,10723,44443,1 bb ⋅=⋅+⋅
22 4,24846,13950,5777 bb ⋅=⋅+

2

94,10850,5777 b⋅= 203,53 b=

b = 7,28 m
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2.2.2 Nachweis der Gleitsicherheit
( )
F

FG

H

V−⋅
=
µ

ν

( )
94,422

21,2118,4963,0 bb ⋅−⋅⋅
=ν

aus 2.2.1 bekannt: b = 7,28 m

94,422
28,733,2853,0 ⋅⋅

=ν

ν = 1,47 > 1,3
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Belastungsbild nach
Sainflou

3. Bemessung nach
Sainflou
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Wasserspiegelhebung:

h
H

L

d

L
0

2 2
= ⋅ ⋅

⋅ ⋅⎛

⎝
⎜⎜

⎞

⎠
⎟⎟π

π
coth

= ⋅ ⋅
⋅ ⋅⎛

⎝
⎜

⎞

⎠
⎟

π
π

H

L d

L

2 1
2

tanh

Wasserdruck an der Sohle:

p
g H

d

L

s =
⋅ ⋅
⋅ ⋅⎛

⎝
⎜

⎞

⎠
⎟

ρ
π

cosh
2

Wasserdruck bezüglich der
Bauwerkssohle:
dynamisch:
p p g ddyn s= + ⋅ ⋅ρ

quasihydrostatisch:

( )p g d H hquasistat = ⋅ ⋅ + +ρ 0

m

kN/m2

kN/m2

kN/m2

π
π

⋅ ⋅
⋅ ⋅⎛

⎝
⎜

⎞

⎠
⎟

2

50

1
2 10

50 0

2

tanh
,

= 0,296

10 07 2 0
2 10

50 0

, ,

cosh
,

⋅

⋅ ⋅⎛

⎝
⎜

⎞

⎠
⎟

π

= 10,61

10 61 10 07 10, ,+ ⋅
= 111,31

( )10 07 10 2 0 296, ,⋅ + + =
123,82

π
π

⋅ ⋅
⋅ ⋅⎛

⎝
⎜

⎞

⎠
⎟

2

50

1
2 20

50 0

2

tanh
,

= 0,255

10 07 2 0
2 20

50 0

, ,

cosh
,

⋅

⋅ ⋅⎛

⎝
⎜

⎞

⎠
⎟

π

= 3,24

3 24 10 07 20, ,+ ⋅
= 204,64

( )10 07 20 2 0 255, ,⋅ + + =
224,11
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Wasserdruck in ungestörter
Wasserspiegellinie:

( )

( )p g

H h d
p

g

d H h

s

0

0

0

= ⋅ ⋅

+ ⋅ +
⋅

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

+ +
ρ

ρ
kN/m2

( )

( )

1 0 0 7 2 0 0 2 9 6

1 0
1 0 6 1

1 0 0 7
1 0 2 0 2 9 6

, , ,

,

,
,

⋅ + ⋅

⋅

+
⎛

⎝
⎜

⎞

⎠
⎟

+ +

= 20,78

( )

( )

10 07 2 0 0 255

20
3 24

10 07
20 2 0 255

, , ,

,

,
,

⋅ + ⋅

⋅

+
⎛

⎝
⎜

⎞

⎠
⎟

+ +

= 20,74

Molenhöhe:
M f

H d H h b= + + +0

Moleneigengewicht/Meter:
G g H bM= ⋅ ⋅ ⋅ρ

m

kN

10 + 2 + 0,296 + 1   =
13,296

21,6 ⋅ 13,296 ⋅ b = 287,2
⋅ b

20 + 2 + 0,255 + 1 
= 23,255

21,6 ⋅ 23,255 ⋅ b = 
502,3 ⋅ b
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Wasserlast/Meter:
horizontal:

R p dS1 = ⋅

( )
R

p p dS
2

0

2
=

− ⋅

( )
R

p h H
3

0 0

2
=

⋅ +

F W R R RH b= = + +1 2 3

vertikal:

4
2

D
SR

p b
=

⋅

4RR g d b= ⋅ ⋅ ⋅ρ

R R RD R4 4 4= +

4 2
F R

pS g d bV = = + ⋅ ⋅
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅ρ

kN

kN

kN

kN

kN

kN

10,61 ⋅ 10 = 106,1

( )20 78 10 61 10

2

, ,− ⋅  = 50,85

( )20 78 0 296 2 0

2

, , ,⋅ +
= 23,86

106,1 + 50,85 + 23,86 = 180,81

10 61

2

,
⋅ b

= 5,31 ⋅ b

10 07 10, ⋅ ⋅ b
= 100,7 ⋅ b

( )5 31 100 7, ,+ ⋅ b
= 106,01 ⋅ b

3,24 ⋅ 20= 64,8

( )20 74 3 24 20

2

, ,− ⋅  = 175,0

( )20 74 0 255 2 0

2

, , ,⋅ +
= 23,38

64,8 + 175,0 + 23,38 = 263,18

3 24

2

,
⋅ b

= 1,62 ⋅ b

10 07 20, ⋅ ⋅ b
= 201,14 ⋅ b

( )1 62 20114, ,+ ⋅ b
= 202,76 ⋅ b
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3.1 Fall I ( d = 10 m )
3.1.1 Bemessung auf Kippsicherheit

Kipp

dS

M

M tan=ν

( ) bRbRhHdRdRdR

b
G

RD ⋅+⋅++⋅+⋅+

⋅
=

⋅⋅⋅+⋅⋅⋅ ⎟
⎠
⎞⎜

⎝
⎛

2
1

440
3

1
321

3
2

3
2

2
1

2ν

( ) bbbb

b
b

⋅⋅⋅+⋅⋅⋅+⋅+⋅⋅+⋅⋅

⋅⋅

⎟
⎠
⎞

⎜
⎝
⎛ +⋅+

=

2
1

7,100
3
2

31,586,2310
3
2

85,5010
2
1

1,106

2
2,287

296,00,2
3
110

ν

⇒
⋅+

⋅
= 2

2

89,5336,1126

6,143
3,1

b

b ( ) 22 6,14398,5336,11263,1 bb ⋅=⋅+⋅

22 6,14317,7027,1464 bb ⋅=⋅+ 243,7327,1464 b⋅=

b = 4,47 m < 5,65 m  (n. Antonelli !)294,19 b=



© Büsching, F.: Küsteningenieurwesen 2002/08.15

3.1.2 Nachweis der Gleitsicherheit
( ) 3,1≥−⋅

=
H

V

F
FGµν

( ) 3,1
81,180

01,1062,287
≥

⋅−⋅⋅
=

bbµν

( )bb ⋅−⋅⋅=⋅ 01,1062,2873,081,180ν

b⋅=⋅ 33,5481,180ν
aus 3.1.1 bekannt: b = 4,47 m 
ν = 1,34 > 1,3

3.2 Fall II ( d = 20 m )
3.2.1 Bemessung auf Kippsicherheit

Kipp

dS

M

M tan=ν
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( ) bRbRhHdRdRdR

b
G

RD ⋅+⋅++⋅+⋅+

⋅
=

⋅⋅⋅+⋅⋅⋅ ⎟
⎠
⎞⎜

⎝
⎛

2
1

440
3

1
321

3
2

3
2

2
1

2ν

( ) bbbb

b
b

⋅⋅⋅+⋅⋅⋅+⋅+⋅⋅+⋅⋅

⋅⋅

⎟
⎠
⎞

⎜
⎝
⎛ +⋅+

=

2
17,100

3
231,538,2320

3
20,17520

2
18,64

2
3,502

296,00,2
3
110

ν

⇒
⋅+

⋅
= 2

2

89,5303,3233

6,143
3,1

b

b ( ) 22 6,14398,5303,32333,1 bb ⋅=⋅+⋅

22 6,14317,7094,4202 bb ⋅=⋅+
243,7394,4202 b⋅=

224,57 b= b = 7,57 m > 7,28 m (n. Antonelli)

3.2.2 Nachweis der Gleitsicherheit
( ) 3,1≥−⋅

=
H

V

F
FGµν ( ) 3,1

18,263
76,2023,502

≥
⋅−⋅⋅

=
bbµν

( )bb ⋅−⋅⋅=⋅ 76,2023,5023,018,263ν b⋅=⋅ 86,8918,263ν

aus 3.1.1 bekannt: b = 7,57 m ν = 2,58 > 1,3


