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1. WA 32 (rubble mound breakwater): W 47 By s Fu A BREEH R B WY
fi o
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ii. SEE I AR (berm breakwater)

iii. H IR (vertical wall breakwater)-3 (£ = (caisson):

In-situ cast

-rc.’e cap
Seour protection, “ J — Sand fill
Mutsu-Ogawara (Japan) =N

" Bedding layer

iv. B IR (vertical wall breakwater)-T ELE & T

Algeciras (Spain)
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V. B IR (vertical wall breakwater)-7K 3 &=

\iGela (Sicily, Italy

Vi. BT (vertical wall breakwater)- 757 B2 (block):

In-situ cast
reinforced concrete

[\

posed U ||

‘-ru,v‘."fi & . "!;" ?ﬁ\»\ FTRNES T TAA RIS
2 extﬁe&y, UK) ST SRR RS
Vil VEEE (low-crested breakwater):

—

Low-crested structures; Maasvlakte 1, Rotterdam
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Date and time  |Hs (m)
1-11-2012 2:00 4.63
10-12-2008 15:00 [ 4.27
11-11-2012 11:00| 4.26
8-12-1992 12:00 | 4.17
28-10-2012 12:00| 4.04
11-2-2013 22:30 | 3.99
10-3-2010 0:00 3.79
31-1-2014 5:00 3.78
29-3-2009 16:00 | 3.75
16-5-2013 21:30 | 3.69

Significant wave height H, (m)

16-11-2002 15:00 ( 3.64 A E

23-12-2010 23:30 | 3.63 [

28-4-2009 2:30 3.52 o L ‘ I ‘ -
25-3-2013 9:00 3.52 1 10 100

Return period (years)

EIRIGIARIRIOR » GEr 2 H7T R BN B Z WS

ii. K EYE T (wave run-up):

EFEA N E:
Wave run-up
! i i
j : I z Ru
7 =] )

hg
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STEA:
B E R A (2 J:EurOtop 2016):

4.0
‘ Very shallow foreshore Eq. 5.2
35
o
F U
tﬁ . ."-.. - ..""u.,../ Sm_1v0=0.01
o 25| ... Slopet:t e
g_ / ........ R
c 20| Spn,0= 0.06 ...s.l.c.’pe 21 e
3 *r 4y ™ TS
(3 Steep to vertical slopes
S Gentle slopes Eq. 5.1 . . -
4 05 B See Fig. 5.7, Eq. 5.6 Limit: vertical wall,
3 Ry20/Hmo = 1.8
2
w® 10
°
o
05 |
0.0

6

8

10

16
Breaker parameter £, 4, [-]
AR} (update EurOtop, data Van der Meer, 1988):
4.0
25 very sthlow foreshore
I e
° Smooth // =T
€ _— 2die2”
z 30 a8 <o & max imp
§ / /—’o/
‘:_ 25 S -
g Wit om T
[ i g
5 2.0 2 Ll — N
; . / Qﬁ = r X} A . o N max-perm.
3 / ‘ﬁloﬁ rC *tee o
3 15 DAL -
g D // s ;
E . AA// N <imp. cota=2 < perm. cota=1.5 ]
& / /A Oimp. cota=3 ® perm. cota=2
Aimp. cota=4 A perm. cota=3
05 ; /| range
4 CLASH,
see Fig. 6.7
0.0 [ [
0 1 2 3 4 5 6 7 8 9 10 1

Breaker parameter &, ;o

K7 (wave overtopping):
EFE O REER TERY & q (m3/s per m or 1/s per m))

1il.

wave overtopping
g q

Hs, Tm, Sm

Y i

_—

wave transmission

13



SRR

[Ermra e |

No influencing foreshore: ﬁ =0.047 - exp {2.35

1.3
R, ]

mi

g :0.05exp[—2.78 R, ]
H

Influencing foreshore, non-impulsive: 5
gHmD ml)

Influencing foreshore, impulsive:

0.5
7(] = HmD R(: .
Tots, 0-0“[ hsm_mJ GXP[—Z?H—M] valid for 0 < R/Hy, < 1.35

0.5 S
H R
L—o.oom[ s ] [ c ] valid for R/H, ;> 1.35
\/gHi,@ _hsm—l.() Hm()

BTSN B B AR

Rubble mound breakwaters; Hmo > 5 m; no damage 1 2,000-3,000
Rubble mound.breakwaters; Hmo > 5 m; rear side designed for 5-10 10,000-20,000
wave overtopping
(HBras_s 1cc?3vered crest and landward slope; closed grass cover; 5 2,000-3,000
mo = 1-om
Sras_s 1covered crest and landward slope; maintained grass cover; 1 1,000-2,000
m0 = '3 m
Grass covered crest and landward slope; not maintained grass
. _ 0.1 500
cover, open spots, moss, vegetable garden; Hmo = 0.5-3 m
Grass covered crest and landward slope; Hno <1 m 5-10 500
Grass covered crest and landward slope; Hmo < 0.3 m No limit No limit
Significant damage or sinking of larger yachts; Hno > 5m >10 >5,000 — 30,000
Significant damage or sinking of larger yachts; Hno = 3-5 m >20' >5,000 — 30,000
Sinking small boats set 5-10 m from wall; Hyo = 3-5m 55 >3,000-5,000
Damage to larger yachts
Safe for larger yachts; Hno > 5m <5 <5,000
Safe for smaller boats set 5-10 m from wall; Hno = 3-5m <1 <2,000
Building structure elements; Hyo = 1-3m <1 <1,000
Damage to equipment set back 5-10m <1 <1,000

14



1v.

People at structures with possible violent No acces for any predicted No acces for any predicted
overtopping, mostly vertical structures overtopping overtopping
People at rubble mound breakwater crest
and at dike crest. Clear view on the sea.
Hmo=3m 0.3 400 - 600
Hmo=2m 1 400 - 600
Hmo=1m 10-20 400 - 600
Hmo <0.5m No limit No limit
Cars on crest of a dike for dike
inspection.
Hoo= <5 1000-2000
mo=3m
Hoo=2 10-20 1000-2000
mo= M <75 1000-2000
Hmo =1m
Highways and roads, fast traffic Close before debris in spray | Close before debris in spray
becomes dangerous becomes dangerous
Railway tracks, slowly moving train See cars on crest of adike | See cars on crest of a dike

K ZE S (wave transmission):
EFA T (ZEEFE Kt or Ct = H/Hi)

\/‘J_—’Hi

Wave transmission

Ht

d’Angremond et al., 1996, for B/H, < 8

SEAT:
A BERHA:
K =-04%
H

i

Lower boundary: K, =0.075

+0.64

-0.31

si

Hi (1 B efo.sggp)

Upper boundary: K, = 0.8

New formula for B/H, > 12

RC‘

K, =-035

Lower boundary: K, =0.05

+0.51

—-0.65

B

Si

e

0412, )

Upper boundary: K, =0.93 - 0.006B/H;

Interpolation 8 < B/H, < 12

15




SEERHA:

Minimum: K; = 0.075
Maximum: K; = 0.8
No influence of B!
Limitations:
1.0<£<3.0

0 < B<T0°
1.0< B <4.0

H.

1

KJ/(-0.30R /H+0.75(1-exp(-0.55)))

K = [—0.30%4—0_75(1 _e—0<5;“)](cosﬁ);g

0 10 20 30 40 50 60 70 80

Incident wave angle B (degrees)

90

K HN 7 B (wave reflection):
EFA T :(F5H&E Kr or Cr = Hr/Hi)

Wave run-up

hs

SEAT:
. K, =tanh(a-&)
Zanuttigh and Van der Meer, 2006 r 9
Vertical structure K. = 0.9-1.0
1.0
i a=1.48,b=0.155
09
: a=0.90,b=01
0.8 g
0.7 F ~n
0.6
05 |
4 £ o Rock permeable
03 4 Rock impermeable
0.2 ® Armour unit
0.1 4 Smooth
0.0 — — e
0 2 4 6 8 10 12
&

16




(=Bt
o Gl
. ABEHEE 2

\

Nominal diameter D5,

D5 = V'3 = (Mg/p,)"”® = cubic size
p; = 2600 — 2700 kg/m? (rock)

p; = 2400 kg/m3 (normal concrete)
Concrete units: D,

Relative buoyant density: A

A= (pr— pw) Pw

A =1.4 —1.6 in most situations

ii. Py A&

Narrow grading Wide grading Very wide grading
Dgs/Dis< 1.5 1.5<Dgs/Dy5<2.5 Dgs/Dys>2.5
Class Dg5/D15 Class Dgs/D]s Class D85/D]5
15-20t 1.10 1-9t 2.00 50- 1000 kg 27
10-15¢ 1.14 -6t 1.82 20 -1000 kg 3.68
5-10t 1.26 | 100 -1000 kg 2.15 10-1000 kg 4.64
3-7t 1.33 100 - 500kg 1.71 10 - 500 kg 3.68
1-3t 1.44 10-80 kg 2.00 10 -300 kg 3.10
00-1000 kg | 1.49 10-60 kg 1.82 20-300 kg 246

i, ErEtHEE S

17



iv.  SRIERERREREEE 25
Minimum crest width B :
Bin =B t04) D,

The thickness of layers:
t,=t,=t;=nk D,

The number of units per m?2:

N, =nk (1 —n,)/D, s,

where: )
t,, t,, t; = thickness of armour, under layer or filter
n = number of layers

k, layer thickness coefficient
n, = volumetric porosity
¢ = packing density

V. %8 N
—E SN AR EERAL BN (EE -

Vi. I 122 4l Damage level S
S = Ae/Dn502

DAMAGESS

SWL
erosion area Ae—-°

0.6

distance (m)

damage ScA o /D ;50

0.4

initial slope
profile after 3000 waves

20 2.5

distance (m)

18



Vil.

ZERL
Stability number=Hs/ ADn50 > B =45 A A/ NG e
Toe stability FJFH 7B {H=GTH:

1

0.8

08

0.7 |

06 }

05 |

04

relative toe depth h/h

03

02

0.1 F

o]

o 1 2 3 4 5 6 7 8
stability number H/ADqso * Nog "

HJ/AD, ., * N, %15 = 2+ 6.2 (h/h)>7

Application area;
0.4<h/h<0.9
3<h/D,, <25

FHRFEE stability:

Van der Meer formulae (1988)

for plunging waves:

S 0.2
= . —gig PO"S(hJ =

A D1150 ~/ N
and for surging waves: i
; S )\ =
Hk — 1‘0 PO‘”( — \f’COta’ f]l:]
ADhso Y

1

&r = [6.2P"31y/fana]P+0>

élﬂ < E.’Cl': plunglng

Z:'m > Z:acr: Surging

19




Viil.

1X.

IKETH BRI SR 2 JF R BRI

AR R BRELRL:

Tetrapod

Xbloc
Accropde Il

Accropode Core-Loc Tetrapod Cube  Cube
number of layers 1 1 2 2 1
slope 1:4/3 1:4/3 1:4.5 1:1.5 1:1.5
Ky (breaking waves) 12 16 7 7 ¥
HJ/AD, =N, 25 2.8 22 22 22
damage Ny 0 0 0.5 0.5 0
damage % 0 0 5 5 0
packing density ¢ 0.61 0.56 1,04 1,17 0.70
concrete per m’on slope 0,182H; 0,148H, 0.350H, 0370H; 0,236H,
relative volume of concrete 100% 81% 208% 220% 140%

20




7~ “FEFIEEE (Berm breakwaters):
1. Berm breakwaters 43 | %![PUfE:

Breakwater Abbrevation |H/AD .,|( S;  |Rec/D .,
Hardly reshaping berm breakwater (Icelandic-type) HR-IC [1.7-2.0(|2-8 ||0.5-2
Partly reshaping Icelandic-type berm breakwater PR-IC [2.0-2.5|10-20(|1-5
Partly reshaping mass armoured berm breakwater PR-MA [2.0-2.5|[10-20||1-5
Fully reshaping berm breakwater (mass armoured) FR-MA |2.5-3.0 = (3 -10

WA HUSHY AR R TS B P B B A e - TR T

Fully reshaping berm breakwater (mass armoured)

Partly reshaping berm breakwater (mass armoured)

Partly reshaping Icelandic-type berm breakwater

Hardly reshaping Icelandic-type berm breakwater

1. Recession(Rec): P HFF BB DIV EFE » 40 TN BT/~ Rec °

Rec

Rec 5B AL
Rec/D, 50 = 1.6 (Hy/AD, 5, - 1.0)25

i, RACEFHVROY E5tESRTHEE - A0

21



q

\Jg'Hio

with:

Yes = 0.68 - 4.5s,, - 0.05B/Hp

R

=0.09-cxp| - 1.5

H,, Vs Vs

vgs = 0.70 - 9.0s,,for FR
and B/Hp, is given by the design wave height.

EurOtop (2016)

for HR and PR

iv.  ERBIXETTH# - E LB ERExce DB G THVE AR R’ak

sTReE ~ I ~ KSR~ ML~ FUETAYROR

BERGTRIAL -

RISV B S T R e E B [ /2 AH AV L

H o ;BT

-
Conceptual design spreadsheet www.vdm-c.nl
General condi main Minimum transition level to class Il
Design wave height Hy Im Wave steepness s, 0020 For Hyp at lowest level -02men
Peak period T, 985 Relative massdensity A 1.54- For lowest level with according H, -1.2meD
Ouerload H, 35m Median mass Class | Msg 251 Design choice of transition for IC (3rockclasses 1.8 m (D
Design water level DWL imcD Naminal diameter Class | D.sq 0.99m Transition lower class for MA (2 rock classes) -18 m (D
Lowe st water level with Hyp 1mcD Stability number Ho/AD s
Lowesst storm level 0meD Type of berm Crest level (75 =1)
H, at lowest storm level 3m Number of rack classes for berm If no overtopping eriteria, Rem, 4.6mCD
Mean High Water Spring 1mcD Basic recession for H.p (no adaptatian) 149 m If no overtopping criteria, Remax 52mco
Bottom level of foreshore at toe of structt 9mch Recession for overload (no adaptation) 2.28m For given allowable overtopping, q, 0.46
Allowable overtopping g forHp 51/sperm Nominal diameter Class I, Dygg 0.61m Required crest level for design conditions 493 mCD
Allowable overtoppingq for overioad 201/sperm  Nominal diameter Class lll, Dnsy No Class Required crest level for overioad 4.87 m (D
Mass density water 1025 kg/m’ Design choice of crest level 4.80 m CD
Mass density rock 2600 kg/m’ Resiliency, berm width and level
Wanted resiliency 20% Check possibility of toe barm at level h,
Choice of rock classes Resulting Be rm width B from resiliency 747 m Lowest possible toe level (two layers) -6.27 m (D
Rock Class I minimum mass (0-15%) 1t Mini mum berm width Br, from geomet 2.96m Design conditions
Rock Class I maximum mass (85-100%) 4t Berm level 0.6H.p 28mCD Allowable damage level for Hy, Nus 2-
Rock Class Il: minimum mass (0-15%) 02t Aw for wavess during construction im Highest level of toe for Hyp with chosen N -3.83mCD
Rock Class Il: maximum mass (85-100%) 1t MHWS plus Aw =warking level 2mcD Check validity range hy/Dasg 7.9
Rock Class 11 My, (Ieave open for Ma) t Minimum berm level from construction  3.97 m CD Check validity range hy/h 0.43.
Rock Class I M., (leave open for MA) t Design choice of berm width 8.00m Overload conditions
Design choice of berm level 4.00 m CD Allowable damage level for overioad, N a-
Highest level of toe for overload with chosen & -4.12 m CD
Required horizontal armour width A, 11.9m Check validity range hy/Dps 83
Design choice of Ay 120m Check validity range hy/h 051
Design choice of toe berm level (0if no berm) omcD
Design choice cota core below A, 15-
15 = == Design water level DWL ‘l°f design choices
== Chart Daturn ﬁwﬁﬁl‘ﬁiwﬁm Clesign of berm width 10.50 m
10 | @® Horizontal armour width Besign of berm level 5.00 m CD
A Recession for HsD and overload Design of A, 21.0m
5 Design of transition class Ito class| -1.8 m CD
Design of crestlevel 10.00 m CD
| Design of toe berm level -6 m CD
e é % Design choice cota core below Ay, i
= RockClass  6- 10 t
I RockClass 3-6 t
10 & RockClass  1-3 t
-15

A~ BILARR:

i, 2 2 H1Y € F£(PROVERBS):
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GEE ISR NI ey e

Bottom elevation ELpottom = —8:5:m

1.

Design water level  EL,, o = 0.5-m

Berm elevation ElLparm = —3.63-m

02

1400 | ——

Design depth hg = ELyater — ELbottom

Design wave height Hg := 0.65-hg

gHW.L +0.50 g D.L +0.00

Height of berm: hb — ELberm = ELbottom
hb = 4.8Tm HS = 5.85m

h H
=B _omt1 —2-ioes
h h

S S

Bottom elevation ELpottom = ~16.3-m

Design water level ELq¢ar = 1.5-m 7 HWL +150

Berm elevation ELperm = -11.5-m

Design depth hg = EL\yater — ELpotto

Design wave height Hg - 7.6-m
Height of berm: hp = ELperm — ELpotto

hg = 17.8m  hp = 4.8m Hg = 7.6m

h H
P _o2r = - oaz
he he

240
S — +6.00
475 T Come ] 4350
| Fuot Protection Blog|
w0 (40x25%15)
-11.5
R - 1
> =163
\
\
\ Armor Ston|

NI e

Failure modes (overall)

Hydraulic failure

Geotechnical failure
Sliding

Overturning

Fy

Fy<fW

T < T max

Earthquake loading:

LIQUEFACTION

> |

Circular slip ~

23



1il.

Failure modes (local)

Instability of moundErosion of seabed
Partial Instability

Erosion

——————

Fu<fW

THRARET5 &
(P9)787 55 Ha for vertical structures = 1.8Hus = Hinso
(F1)Goda (1984) & AHE A How HYEEAZERY Tis ©
N

= Deep water:

2.n-h "I

Shallow water: solve iteratively RS Lo-tanh[

Shallow water (5% accurate): Lapprox (d) = Lo-

® GETKUFFE:
AL R AR -
T (GG =] R )
EEEY BT o

o RAMEEME:

Stability Foundation Mound (The Rock Manual, eq. 5.189)
Based on model tests by Tanimoto and Takahashi.

2-k-hy

17 Sinh(2°k-hy)

Kpi maxL0.45-(sin(ﬁ )2 (cos(k-Bp-cos(p)))?. (cos(p))?-( sin(k-Bp,-cos(p))? j

g

= K AqUK a =
ER e CEE

Ng := max 1.8.1.3-a-H— +1.8-exp| -1.5-a-(1 L:)-H—

S S

¢ 3
W . ( Hs _ PaPw

armour = Pa'9" N - A=
\ereg e )

I‘w

24




Stability Foundation Mound (The Rock Manual, eq. 5.190)
Based on model tests by Madrigal and Valdés.

He/AD, 50 = (5.8 hy/hg — 0.6) N,0°

0.5<h,/h,<0.8
0.3<B,/hy<0.55

Nog = 0.5 almost no damage (1-3% of units displaced) Do not forget!

Nog = 2.0 acceptable damage (5-10% of units displaced)
Nog = 5.0 failure (20-30% of units displaced)

Filter and underlayers
(Rubble mound breakwaters)

® 7 /J5TE(Goda ~ Takahashi):

Quasi-static wave forces:

n = 0.75:(1+ cos(B)) Hyesign
1 W [ ‘ 2"
p1 = E'H‘COSHN:"LLH +azlcos(B)) 1Pw 9 Hdesign
P1

Pyt
2% -h)
cosh[ L

a3-pP1
= ’ hc
=il hc.p1-‘ 1-— ‘ .0-Pa
L \ o
. ( iy B = angle between wave direction and
=0.5:(1+cos(B))-aq-azpy g 'Hdesign e Braabatet e

Slightly breaking
= wave
Quasi-static wave forces: o p—
ot 1.0 - T 25
Aof \Fhmax :
200 /N TR
20" 00 01 az- ] T}

2

06+ 05— __|
: | sinh(2-kh) /

- 2

| hpreak —d ( Hgesign J 2.d
T e | el || =
3'ht:oreak d

Hdesign

25



Impact loads

Quasi-static wave forces:

Goda (extended) = Takahashi

n =0.75(1+cos(p)) 21-Hyesign

P3 = a3-p1

p4:=ift]}hc.p1-’1——‘.0-Pa
I G

pu = 0.5-(1+cos(p)) Az-a1-a3-p\y-g ‘Hdesign f\:;l\gf:::irectionand

P1 = %':1 + COS(B)}-’_3L1-(11 + kz-ax-(.COS(B”zJ -pw-gdeesign

Impact loads

Quasi-static wave forces:

| Fhmax

Extended Goda = Takahashi

2:n-h
L

/ \ 2
=06+ 0.5-[ ﬁ]
\ sinh(2-kh) /
/ \ 2
Mpreak — d | Hdesign
3-Npreak d

= max(az.aj)

= min

Quasi-static wave forces:

Extended Goda = Takahashi
Impulsive Pressure Coefficient o;

‘ cos(d,)

"cosh(34) cosh(ﬁ{l;\/m-‘
\ A |
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INTRODUCTION

This report is part of an exercise given during short course programme on coastal and port

structures at UNESCO-IHE institute held on March, 2017.

The exercise is to design the trunk-section of the eastern breakwater for IHE-Port, suggest scale

and test programme and to give a presentation on the classroom.

IHE-Port shall be constructed about 3 km offshore on a more or less north-south situated
coast and is open for waves from easterly directions. An entrance channel leads to the port. The
breakwater connected to the shore by a pile founded bridge. The eastern part of the

breakwater is located at a depth of -14 m CD.

Berths are foreseen behind the breakwater for export of minerals as well as a small
container area directly behind the eastern breakwater. The port consists of two breakwaters, a
1300 m long eastern breakwater and a 900 m long southern breakwater. The most important
function of the breakwaters is to provide a sufficient level of tranquility in the offshore port
basin. The first 5 m of soil underneath the breakwater is soft silty material. Beyond that level,

there is good quality sand present.

Based on given conditions and selected type of breakwater to be designed, the report

content as follows.

1. Description of boundary conditions.
2. Design of cross-section of the trunk.

3. Physical model testing.

The group of participants on this short course and involved on this exercise have selected the

berm breakwater MA type to design the cross-section. The berm breakwater is chosen because



of the availability of the rock in nearby query. Moreover, the berm breakwater is easy for

construction as it doesn’t require big equipment.

1. Description of boundary conditions:

The main boundary conditions are illustrated in the following chart.

Design wave height Overload
Hyp=5.4m Peak period Hy=6.2 m

(for 100-years return Tp=12s (for 500-years return
period, Figure 1.) period, Figure 1.)

Seabed at toe Density of water Mass Density of Rock
-14 m CD 1026 kg/m?3 2690 kg/m3

The water level conditions:
+0.65 m CD
-0.2 m CD
+0.2 m CD
+1.2m CD
+1.8 m CD

O 1 1 1 1 1 1 1 il 1 1 1 1 1 1 1 il
1.0 10.0  Return period(years) 100.0



Figure 1. Wave return period curve for 500 years return period.
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Figure 2. Wave height VS wave period.

Since the highest waves come with wave periods around 12 s (Figure 2.), Tp is determined as
12 s for the first design, then 10 s and 14 s are also considered for comparison.

Considering that there is no surge, the design water level could be just a little above the
maximum tide, the design water level of 2.1 m CD is determined in this design. For
construction work safety, there would be a Aw above MHWS. The Aw =0.5 m is chosen for this
design because the overtopping is not greater than 1 I/s per m at this level.

The rock classes that selected for this design are class | (1-5 tone) and class Il (5-10 tone). The
reason of this selection is the availability of these rock classes in the nearby quarry.

The slope of the structure is designed to be 1:1.5

Table 1. Summary of design conditions:

Parameter Value

DWL +2.1 m CD
Allowable overtopping q for Hsp (100 years) 11/s perm
Allowable overtopping q for overload (500 years) 10 1/s per m
Wanted resiliency 35%

cota 15

Aw 0.5m

Rock class | 5-10°t

Rock class I 1-5t




2. Design of cross-section of the trunk:

To see how the wave period affects the design result, we use the design spreadsheet to
calculate the crest level with conditions determined in Section 1., but in 3 different wave
periods. From the results (shown in Table 2.), the crest level is dominated by Hp, the wave
period is relatively influenced the crest level as illustrated below. The conceptual design will be

continued with an average wave period which is 12s.

Table 2. Crest level calculations.

Method used Crest level (m)
Determined by R/Hp=1.2" 8.6
Determined by wave overtopping formulae” with Tp=10s 1.04
Determined by wave overtopping formulae” with Tp=12s 2.22
Determined by wave overtopping formulae” with Tp=14s 2.93

*: Equation 5.6 in Design and Construction of Berm Breakwaters, by Van der Meer and Sigurdarson.
**: Equation 4.13 in Design and Construction of Berm Breakwaters, by Van der Meer and Sigurdarson.

Since the general design conditions are all determined, we can input them into the design
spreadsheet, then the design parameters are calculated. According to these calculated
parameters, we make some design choices. The input and outcome of the design spreadsheet
are shown as Figure 3., Figure 4., Figure 5. and Figure 6.



General conditions

Design wave height H.p

Peak period T,

Overload H,

Design water level DWL

Lowest water level with H.p

Lowest storm level

H, at lowest starm level

Mean High Water Spring

Bottom level of foreshore at toe of structure
Allowable overtopping q for Hg
Allowable overtopping g for overload
Mass density water

Mass density rock

Choice of rock classes

Rock Class I: minimum mass (0-15%)
Rock Class I: maximum mass (85-100%)
Rock Class II: minimum mass (0-15%)
Rock Class II: maximum mass (85-100%)
Rock Class lll: My, (leave open for MA)
Rock Class lll: My, (leave open for MA)

54 m
12 s
6.2 m
2.1 mCD
-0.2 m CD
-0.2 m CD
52 m
1.8 m CD
-14 mCD
1 /s perm
10 I/s perm
1026 kg/m’
2600 kg/m’

Fit
10 t
1t
Bt

Figure 3. Input of the design spreadsheet.




Outcome main parameters

Mintmum transition level to class |l

Wave steepness Sap 0.024 - For H_;, at lowest level
Relative mass density A 1.62 - For lowest level with according H,
Median mass Class | My, 751 Design choice of transition for IC (3 rock ciasses)
Nominal diameter Class | Dpag 141 m Transition lower class for MA (2 rock classes)
Stability number H.of ADpag 237 -
Type of berm breakwater Partly reshaping Crestlevel [yg = 1)
Mumber of rock classes for berm 2 If no overtopping criteria, R, ..
Basic recession for H_; (no adaptation) 491 m If no overtopping criteria, R, .,
Recession for overload (no adaptation) 780 m For given allowable overtopping, q, fzs
Nominal diameter Class I, Dpae 104 m Required crest level for design conditions
Mominal diameter Class I, Dpap o Class Il Required crest level for overload

Design choice of crest level
Resiliency, berm width and level
Wanted resiliency 35 % Check possibility of toe berm at level h,
Resulting Berm width B from resiliency 1402 m Lowest possible toe level {two layers)
Minimum berm width B, from geometry B3Z m Design conditions
Berm level 0.6 H.p 5.34 mCD Allowable damage level for Hyp, Moy
Aw for waves during construction 05 m Highest level of toe for H_, with chosen N,
MHWS plus Aw = working level 23 mCD Check validity range ht,uf[lm
Minimum berm level from canstruction 511 mCD Check validity range h,/h
Design choice of berm width 14.00 m Owerload conditians
Design choice of berm level 600 mCD Allowable damage level for overload, Ny

Highest level of toe for overload with chosen M4
Required horizontal armour width A, 255 m Check validity range hy /D
Design choice of A, 260 m Check validity range h./h

Design choice of toe berm level (0 if no berm)
Design choice coto core below A,

-2.4 mCD
-2.28 mCD
=332 m CD
-3.32 m CD

86 mCD
8.7 mCD
001
222 mCD
221 mCD
10.00 m CD

-10.43 mCD

o -
-6.93 mCD

65
0.49
4 -
721 mCD

6.8
051
0 mcCD
15 -

Figure 4. Outcome of the design spreadsheet.

Summary of design choices

Design of berm width 14.00 m
Design of berm level 6.00 m CD
Design of A, 26.0 m
Design of transition class | to class Il -3.3 mCD
Design of crest level 10.00 m CD
Design of toe berm level 0.00 m CD
Design choice cota core below A, 1.50 -

Rock Class | 5-10 t
Rock Class Il 1-5 t
Rock Class Il 0-0 ¢t

Figure 5. Summary of design choices.
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Figure 6. Cross-section from design spreadsheet.




Finally, concluding with design conditions, calculated parameters and made design choices,
the berm breakwater cross-section for this design was drawn as Figure 7.

Note: All dimensions in meter. 14.000 | i

Qua Leve[ +5.0 CD

DWL (+2.1 CD) LALLM 9=6-0-9.
- MSL (+0.65 CD) ~FClass | (5- e 7 ISL (+0.65 CD)

15
1.0 =

%‘

Seabed (-14 CD).«

filling dense sand and gravel

-19 CD

Figure 7. Final cross-section of the structure for the designed berm breakwater.

Concerning the bearing capacity of the seabed underneath the structure, the pressure of the
structure on the seabed soil is estimated to be 400 kPa, it is far greater than the bearing
capacity of the existing soil (soft silty material). In this case, soil improvement is required. One
could directly put rocks onto the soft soil and let rocks settle down, but this would cost more
rocks. Besides, one could dredge the soft soil, then directly put rocks to fill (also cost more
rocks) or fill by sands. Since the construction site is near the harbor, assume the dredger is
available. In this condition, dredging the soft soil and filling by sands could be an economical
solution.



3. Physical model testing:

Prototype:

Hs overload=6.2m

Hs design=5.4m

M (class I)= 5-10 tone

M (class Il)= 1-5 tone

Tp=12s

Model:

Scaling factor Hs for the overload design / Hs that the model can generate

6.2/0.25 = 24.8, (Hs of the model is the limiting factor)
Then the scaling factor that will be used is 25

Hs overload=6.2/25=0.248m

Hs design=5.4/25=0.216m

M (class )= 0.032 — 0.64 kg

M (class Il)= 0.064 — 0.032 kg

Tp=2.4s

Prototype Model
Hs overload 6.2m 0.248m
Hs design 5.4m 0.216m
M (class 1) 5-10 tone 0.032-0.64 kg
M (class Il) 1-5 tone 0.064 — 0.032 kg
Tp 12 2.4s

The overtopping will be measured by putting a box behind the model and weight the
overtopped water.




Cross-section of Model Testing:

10.226!
Note: All dimensions in meter. 0.560 | +0.4 CD
g
< 3
+0.24 CD =g o
— Quay Level +0.2 CD
SRR e - 2

Iass | (0.32-0.64 k
TS | e D o

cD = 7350 S

2 Class 11'(0.064

543

i
i
L Ny

Bottom (-0.056 CD) et Soi%e s i

Testing Program
The suggested testing program will be as following:
* Model with significant Hs=5.4m for Tp=10s, 12s, 14s
* Model with overload Hs=6.2m for Tp=10s, 12s, 14s
Conclusion

In this report, a design for berm breakwater has been made. The design has been made based
on the boundary conditions of the significant wave height recorded and period. A cross-section
for the breakwater has been made. In addition, improvement techniques have been suggested
to treat the soft soil in the location. In order to verify the design, a model test has been made to

10



be conducted in a flume. The test will give more confident on the design of this berm
breakwater.
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