L e ] X0d
VLSOO VTTdd VSAAIA Id HdHddO
11 HLAVd

OPSTESE 010 - 6€ XBd - 16VZESE 010~ 6€ “IPL - | “OBI[EINOI BIA - VAONHD S+191
OLIOJLIId ], 9P @ 2JUSIQUIY/ [[OP ‘TUOIZNIIS07) S[[ap rLIduSaFu| 1p ojusumiredi(y

LVOId
VAONED I IANLS I'TOFd V.LISYHAINA




g5 tp gg vy

eusfouro ridvrjdoog € xog

OSIAUINLOS ONNFIFHeT,] Z xog

SJEF IO BSSHq B)S3ID B J[BUOIZUIATUOD ORN[JIFURL] 1 xogf

aeroonued vy g)(IGRS Ip [[BIISWILINS [WOTZR[2] 9] CUOINISIP 9 GUOISIILOY 1S X0 19N

*019A9S id 020B1E TN BP BIRI0A0IH QUOIZRULIGIZP B] 0I0AAO (, JSJRAL{EDI] 3531,,) BIUSFOUO
2IA1[3005 BUN Ip S BONEIS LIRS B] 2IenplaIpul Iad o3eropisuoo 9 onswered ossals o]
(S 21emads pnfiqels 1p orumE) epuo, p ezzaySun| o ezzale

ip 150 [LOIZIPUOD ([0S Sleseq syoiy0ads JueIZR[2I AIRIOYERD 272)S OUOS [SIOWILICS INN[ISue]
1 30d ‘100N Jop ueA Ip ejjenb 9 ezuoued 1p SUOCIZROE B] I[RUOIZUIAUOD HINYISUR 1 1ad
'g oyusureISSauep ojessyold

un Jad ORIy L BIIQERIS 1P OJSTUNU I OPUEDISOL NEIUAWLIS JTUOTZE[ON SIUBIPIW djenyalyd
ouoSuaa TIIGRIS 1p SUSULISA I ISISUNUOS INFISURI T 9 HEUCIZUIAUC) MN[ISweL T Iag

ILVDOVLSIQ ILLOTAIDN VYIS TAA VLITIIVIS T'Z

"EHOpH
susmeiaro Ind 98 ‘esajip BHR BNAUCPT ANUSOIHNS eun efuetmiocd ‘BINULAAR SuMIZRULIONSp
e ‘oo oyepodun snbunwos g ismuuojop ezuos dterddonewr syusjota nid o] omepoddos
ojuowmIel ojend Ul (S0, 5I3SSO OUOAP 0F198 W) SUOIZURUPW Bun OUOPaAax]
amndo ;seny) "esads v v] 9 wAnnoasa enpides 8y Jod vienope sjuswuanbay suoiznios
“(mjemyealq Jaa1) ISSBU Ip 0SUAFOWO OSSEUMUE UL BP BIMINSCD 9 wiado,[ Bioowe e uj

‘ojustemigSouuep 1p Lyoweed rjensh 1[5 vZZInn
2D © 0073RIS,, BWIAYDS OUL PB CIUSKILIGJM UOD BIRUNUESD SUSLA BIIGEIS 010 B] & 9SIDLUTUOS
o nuafows a1assa ouossod atedo 1je) ‘ejusuretalss 185015 md @ Muswewann Hosowd qid
1sseRE B uOZISURY) 5o1dlUas vUn [SUIQ SNLIOSIP DYOHSIANEIED 9] Bussald UoU I[ESIAASET)
JUOrZas ] I1sed I Uy “(,2sseq BIS2m B mngifuely, ) nuagiowa ouos a1ade 1) (ojIaUIREOI0D
1P OIIDISSEW |1 SIUSWEIAACG BZUDS BUOIZISURL 1P NRINS 2 BIRJ[IUEW “02[0NU U 010 “JUTIp
a[[op efpenb € STIWIS $ O[ESISASEN 2u0IZes B] { JRUGIZUBAUOD mniSuey,.) 158D (N0 U]

"IEINEU 1SS 1p 212d0 pe *o)ap eidos 2w ‘9asuagu
15 12 ouongos ayp nund 19 “renpod 19nboe yasads 18ap esayip Ip alado ofe onadsu , esseq

BISON,, BP OIBZZISNEIEd ‘IRIOWINE O Neineu assew 1p 2:3do ouos necoeisip megiduey |

ILVDOVISIA ILLATATONYHA T

9¢ 1p 1¢ ewBed

*91INIS02 ouoduaa esafip 1p o10do of o ns BIpUOJOId BRI
e][Ep NUeHOd 2501 OUOS OFJAIl Ip IUOZELBA 9] JY2 ojued efud) 15 ‘esodo,[jep ojrerduwr
1p 0139emd jap SULLLU-05)IW TUCTZIPUOT 2][EP 9 BAIBUI IP SUOISIOSD, [[Bp ouopuadip ogo smw
(3P 1119AH 11q1ssod 1SI2A1P 1 323d 9)10pUOD 213553 OULRIAOD SUDHTLID] & LI|IQEIS TP OYOIFHIOA 97

"ayoy10ads
nesweieds SHOYIISA SPOWPL! BINRIPI © ENNQEIS 1P eisodSl 0I0] 9P BZU90SOUC)
Bl o sad qUOIZEZZI|LIoUAT OUGIUDSUOD UOU TEISYNME 1Ssew 1p 1dn 1SI0Alp 1op oypyloads
‘Lrejoonred sEetoy o] IeImey [ssew 1p 91ado e ouoosimy IS ‘ealnelpt esodsu ef tod Bis
enpiqes 2] sad vis ‘oucfuodoad 1S 5Uo [U0IZE[AT 2T "HUSIAPR 1SSeUI Ip 2)edieds 9f 5 NRIIRISIP
mnuey & wsflp 1p o1ado o] suorzerspisuod up ouuesspuaid 15 cuondos ays pund foN

*2]UeISona ousldeLIa) J1 SUIIISOS SIUMWRII[OS CIALU [T 22 2juasaid omusy

eymds e[ eis uou opmnb 1p sjeednosoard wid sjuswEM OUMOUI] “OPUC djjEp elopoid
2UOIZRARISS ] 2Teisennuod 13d apard [e eas1jS09s Ip NRI0p SUAURICS “(S]fam BIS) 0ZZNNSIIEY
Ip LINLI SYOUR [IBHOPE OUOS 0SEd 03sanb uy "ojustename,| ourelias sod apuo 3[[ap suoize, je
visodso 2500 1p miedeos ejsp eimeuire 1p cigde OUOOSIMINS0S ADIAUT NUIPRI 2IAHS0IS 97
‘nudiel] 2pUO S[[EP 9852 1P TIS LJEN0ISD

auorze esusul,] Jad ,syemd u, orodo ouesn 1S uou SISIUNUOS ONM [Ap O (BSSBG BISHID
© nEoop)sIp 1MNn(IIEURY) SIew 12p Ofj2A]] [¢ onodst puaSiaws ouswr o Tid ‘ALl B[E opo[frred
DJUDIRIZURISOS ISSRI Ip 2)enad ouos jpuerzipen oxedo o7 'Lnaw weod 1p 2010 UIpIC, (5P
‘gsseq sjuswe)os ‘eypuojoad ejerrdordde pun ns o[opURIRIGINT JRIDYIME O S[RIMEU
‘g183e1ds B{MS SPUO ISP SUOIZR, [ SIAUINE,JISU JISISUOD DIEIIRISIP 21911035 S][9p ONALIA,'T

"3)BIQRISIP
0 BI500 BJ[E Huaper 191j3005 1P SUOIZNIS0D B[AU OUOJSISUOD YD SUIRIRU MOIZRHS0D
sndord o s13A “IMBIH, NULAINLT B 0 ‘Hu2gsise 25 ‘988eids ofms mIGES 1P OUAWESIIA

[PU OUOISISUO3 SU2 ° JPIIOW,, NUDSAINNL pe dleueou ond IS BISOD BIap BSOfip Bl Iod

34340 1A idIL ISU3AId )

VISOD VITAd VSAAId I HHAdO I ALYVd



9¢ 1p 1§ vuIded

01< ®avsH

“qi8fMr="r aviTH="H 1o 005> I'H
101201 [UOIZRIS 9] OULSIPPOS
N WU L I 1p oEa Jod opqipuane 9 ofgoid | 9USIALNS SWN[OA Bl CJESIdA OTNIND
[t 28 210paas1d Jad a[In 3 pa 19aJ] JOp UBA BP OJIEIGY OJE)S 9 oolewayos ofyoxd sondues up)
7
-¢/1 1p SUIpJO, [[2p s[erzim vzuspuad uoa ajediess af[ep ooy ojuswmIodmod ‘0sseq |1 08I
3 0J[R,] OSIoA ISSEW [Op Ousuelsods woo eqepour 15 eledmos B[ Spud I[P SUOIZE ] 0]10§
-opusSuryy 21810uUa v B AISSIP OSOPUO OJOW i
wo 0 p133eids,, vun oreunoy Jod (83 0§ + (1) TUCISUGLIP S[0201d,, ID 1SS 1P OJUSTIRSIDA
e anmoou ond 15 ‘oue o 1jezzerd sreuno] iad asew e uywaundmaL P OSEI [PU SWICD
“aw 1uRoTe 1p apaid Te eipucjord amBuni8Fer oucasp Is oldmoss pe opuenb ‘1ses mna(e U]

(g xog "A) (SHAO'IS MHOA) HLVIUVIS T€

"3UOIZBULIOIUOD BNS B] 9 AUOIZEPUO] B3P
wionb v susuwIEnSope 2181 F00s 9 wiinns 1p ody osanb Jad ‘olrepodul SpUSULEIOIDE]
"o[InI gyooossaid 9 ouOIZISURY

Ip nRES 1S9p onaye,] Yo 0yw0d Jaust Jod [T = J uoo "sa pe oeordde musweumpioddo
I39 1ap UBA 1p IUOIZE[3I 5] UOO BIBIMIBA 919852 ond ISSEWI 19D SUOISUSUNP Bf IUOIZIPUCO
anapaid a[[aN '0SOPUO OloW Ip @ WISojoaseiew wawouay od easjeridos IS arew [9p OffoAl]
! 2 eiepodse suaia eiSderds 1p v1osins ey 1enb of sjueInp asuUAUL AIMFTLUI 1P SUOISED0
UE O[OS SPUC S[[EP SIUMUENSIIP BIB)O|IOS PUIJA BIBNF00S B] PYooIsos ‘vueispuue eisderds
Ip RIOSILOS BUR U0 22U [3p Of[aAl] [ arouadns gjorb v ossads aredde v1a1F00s eqjap spand ]
-2U018043 Jod OJUSWRNILE, |

suypadwr 1p ooad odods ued ‘eIse0 Ip BIU BJSP OIUAWIPITLLY, SWI0D BSSHN 2 USHIp
27 “dn-un1 aqqissod [ suorzepar ur (*'SIA0LI] ‘opeRs ‘Tjezzeid) nRUHSSP OUOS Mo 05Q)
1ad sunpoddo ejonb e uardeiia) e o ean eyfe 21e185odde 210113008 1p ojuowRIZULISOS ENRIL IS

(5 x04 "A) ISSYIN I LINAWILSHATY  T€

ILN3avy 3844I10 ¢

95 1p £ BuIde

{193)F 1P UBA 1P

OATJEQIPUI BSOS O] OpLO003s 9) ¢'¢ 2 Y ¢ BN P 1p 9404) szuenbaxp 1fe a(As sluauoduios
apoy wun ey ‘ (*H /1) = Pw v wed 9 ofeio) syIadns o v] ‘ossowsen ompeds of syo ww
suspuew 1§ ooord 1p ezuonbaiy Bl SY3 OHOPAP 9 IS MILNNAIID ISIEUR BT AUAYIAds SyofLIA
12d eifiaue 1p ompds O] AMSUIULISSD JJUBSSAINU] 240553 ond OSIAUNUOS P opnpprduey
it 55 oads ‘esuslwr elooue 2313553 ond epajosd euoz mpu mSopuo SuOIZENSE PUMNO
“ferznmy) %7 7 5H = s vpuo, fjop odaid 1p elpidrl e 205/ ouodde: (1 0jos ouotediuod
{(ojeuugysp uou) opeSord Ip AUCIZEWIONOD BjAU MeW [3p Ofpal jop e mid odod

aisa10 “nueoiudisur ouiaq © 0547 1p oA [E Ip J1RI0p (SINBACTRRIQ J291) 191[300s 3] Jod

g tufoue =7

USIIeqLI] Ip OISWINU | “g BULIAQ BJ[9P SUOST0IST,| ¢ 7y enbow,[i9p OUAWILII 1P Of[aAN
[0S ]SO B[[ap BZZAIE,] ouos Ly ouruoizipuos aup mauresed 1 ‘mpgeis szuspusd ‘opadns
SUQ 1P Q010 HEIOP “2[PUOIZUSALOCD JUOIZMNSCO Ip 2 BONEIS BMIIQEIS & MInRIBuEY 15d
{0 > ¥} asIaunuos (0ajonu BZUas) A1ade,

a1ado 1ad () oD B () < ) nuafiswso asnpya,, oxado 1ad [°( BoXO Bp elIeA 13 1P 2I0[BA ]
PH/PH =

SJUAPIOUE 0SOPUO OJOUI [2p BJjanb 2 0SSOLISEN 0SOpUC

ojow [ap BARRdIIUSIS Tpuc p vzzaye,] vn ouodder 1 owpdse aso[eA MO I JUOISSNUSED
1P SIU2I0IIR0T 3P 1I0JeA HIC) BP 2UZZLIDNEIED OUOs 2riousd up wsseq BISHID ® aredo 27

(¢ X0q "A) ANOIZVLIIOV./TTIA ANOISSTNSVIL TT



96 1p 9¢ PuIded

‘(e 06 =L} v1ado,jjap enA
iR S[ENSn oWl 1p oporad (N Pe 0JUSIILISFEI T0D BIBUIULSISP P epue, p ezzal[e,] 6'] Jad
opueordyjowr (1moe (¢) B1ato (3P BIA B]IOU OJR[NWMD ON9JJ3,J19p OJUCD 210uS) 1P 99s[1FEns
sinydurey] oanows g Jad {(ojooEo 1P orduass "A) OULE [ Ip O KRR 0§ Ip owojlt Ip jpouad

B puapuodsio amw Ip 1Neis Jad uaiaip 0ood 21sssa ond P 2JO[BA [I U PAIISSO 1

9¢ 1p 56 mwdeg

(s ¢°¢) dxa (FH 10 + W) 95°0 = “FH

RIUDAIP OJOD[EO IP BPUO, D BZZINE,] FUIHS0Y

PHTO+Y=I

® ejopueiiod eiado, Jjop BHOZ RI[AU TPW [3p Y BNpuoyoid eyopald e dIEsyIpOw

e wuod oo ¢ Jy enpuoyoxd vyns odrey [ ofuwy syo suolzeylr @ Suifeoys Ip epuo Jjop
¥ wzzone qop %01 T8 Med wunsse amesse ond sucizeasjpeidos ofe smudwey opuodssg
‘gypuotoxd vSsEq RIS HIREE Ip OIS Of[e HusuAedde oyFun] Spuo S|P SUOISSILE BI[AP ©
of1ey 12 nid OIURY OUUEY SYD APLO JUISSLU A][Ap oyuNmTuUEy ep dn s 9P NRGINUOD 1 dOTE
BIUILLIAP CLESSIOM 3 “2[0ADI0AR]S Tid BANSIU BlfoU ~*93anS LLUOJS 1P ‘EJHNE] ‘BIIUON0NSE
BamW Ip 9YJ0 1P OJU0D eFu9) SYD I} OJUDWLIAMH 1P O[SAT[ UMl OJESS]] OJBUUSO0E SUIO0T)
‘(opuoj ezuepuad =) (8 ¢°¢) dx0 9570 =AY /FH

sinyduey opuods 9 NuaIBuR 19p BIOSE] B[0P TZUspucdSILIOD

Ul adewi ip OJEIS O[[ep BANEOYIIDIS BPUOJBP BZZAIE,| SOSILQJ SY0 QuUOIZE]AI B
"a50%Ep ouaL cuos 910001d nid senb o eiado

aSum33es 1p ewnd eiSius ejjow ojedissp ouuey oflel [ mid ojuey ouwy ays M nd
apuo o] owenb wr Bs0ARIZ HJUSIIRUISSRIE SUOTZIpuod ‘(uSisap paynwyy qidap) emgpnns eqns
oudord s8uey oyo Bpuo,| 2rRUIULIAP apuojul s ofenb It Ueo ¢ £ xog [pu ojEuody (00T
smyduey 1p ojenb amsss ond ocopead oweunpaserd un osed [ u| -ouduRUOIZIOdoId
It 1ad orwnsse zp AeiSdereur ojp Suoz Jins efou ossads opeo 15 asado ayjow 1ag
(**“H 91[ep duOIZAQIISIP B ‘D[emads

BULIOJ B] OUBINNE SUD BHFESUI] UOU Ip 1§3JJa) enpuojord asseq ns apuo spep sucizeSedod
epap 1dod TUSWIOUI) I OJU0D UI SUSN SUD I[B00] BHUO,[|9P SUCIZEIN[EA BI[NS EINPEDLT BNS
B[ D DIRU [OP OJ[SAI [3p suOEEBA3peIdos 1p onagze wiSo awenodun eyusap 0o Jod wjejws
ojjow ossads 9 ojuerduwn 1p epuojoid ef esayp 1p =wedo afep oseo [au sy Qusd now 1§
“PUNILIE BO1NRIP],JJEP FILLO] ** 220 ‘SUOMZEIMES ‘Fuoizeyyll ‘Surjeoys 1p 1ssaooid 1ap ojuos
oto3us} OY2 SUOIZRULIGJSEI Ip I[[PpOw 1p suoizealjdde, | wod oSre] [e woZIpuoo sjep aamed

B ojpmunaip susia onaBord Ip orew 1p OIS O] ‘BIS00 B[O BSAIP ip oredo of Jad apuy

OTODTVD IA INOYZIANOD ¥



Box 1

Fq,qnfa‘geu&\ 7 Convtydongtl R, Ct ¢rpaben T am/%?en{\‘-
Mane nabwell - Sl steahca

85g Underlayer 170g Armour sfone

20g Core Vst
b S

b= P W

043m

0 0.28m
e
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Table VI-5-24
Rock, Two-Layer Armored Overtopped, but Not Submerged, Low-crested Slopes

% Per Ul cateols cou ! @e“fa‘wt* pareial  vedd  Box 5
delle  pate Il

— 3 ho- ?"—
wy cou W valove U Seate Sep= O 03¢ O o—= <9

van der Meer (1991) suggested that the van der Meer stability formulae for non-overtopped rock
slope, Bgs V1-5-68 and VI-5-69, be used with fiDnso substituted for D, 50. The reduction factor f;
iy given as

R(; sop ~3 -
s == 95 — 4.8 i/ —0F—
fi (1 2 - 48 5 o 2 ) | (VI-5-71)

where R, is the freeboard, sop = Hs/Lop, and Ly is deepwater wavelength corresponding to the
peak wave period. Limits of Eq VI-5-71 are given by

Re [sop . vy
0 < 7V 2n < 0.052

- Some of the earlier results were obtained using monochromatic waves, whereas most of the more
recent model tests used irregular waves. Numerous studies have suggested that the monochromatic
wave height leading to armor instability roughly corresponds to the significant wave height of
irregular waves; however, not all studies have found this correspondence. For preliminary design for
nonbreaking wave conditions always use a stability formula based on itregular wave testing if
possible. For breaking wave conditions monochromatic wave stability results will be conservative.

- Itis generally thought that the higher waves associated with wave groups are responsible for armor
layer damage. Typically irregular wave stability model tests use wave trains with assumed random
phasing of the spectral components. Over the course of the testing wave groups of differing
characteristics impact the structure, and the assumption is that these wave groups are representative
of nature. However, it is possible that nonrandom phasing occurs in nature, particularly in shallow
water (Andrews and Borgman 1981). Therefore, use of regular wave stability results will be
appropriate in some cases.

VI-5-66 Fundamentals of Design
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Givler and Sorensen (1986)
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Table VI-5-25
Rock, Submerged Breakwaters with Two-Layer Armor on Front, Crest and Rear Slope (van der Meer 1991)
Irregular, head-on waves
h!
f = (2.1+4+0.1 S) exp(—0.14 N}) (VI-5-172)
where h Water depth
k!, Height of structure over seabed level (h — A, is the water depth over the
structure crest).
S Relative eroded area

N;  Spectral stability numbér, N} = xHe_s, '/

Uncertainty of the formula: The uncertainty of Eq VI-5-72 can be expressed by con-
sidering the factor 2.1 as a Gaussian distributed stochastic
variable with mean of 2.1 and standard deviation of 0.35,
i.e., a coefficient of variation of 17%.

Data source: Givler and Sorensen (1986): regular head-on waves, slope 1:1.5

van der Meer (1991): irregular head-on waves, slope 1:2

A Relative crest height hiz/h
20+ o  Vander Meer
oa %  Givler/Serensen
Stability eq.
1.5 ¥
o a
1.0
X %
o5 | Submerged : x )
0 + t t + e
0 1.0 8 12 16 20
Spectral stability number N, *
Design curves for sub-merged breakwaters (Rc<ll)
Elewpio tumerice hegm e oTes
N Re=—4m Tp= 95 /'S'faos’s
porte ©=2 &ha Ng=goo -]
3
x 4 = 2
Mg = Ng SFR’%'OS. = Do 063 £
g_.e-
3
%= 2
Y)o d-v S"S ¥ l(b&— N = 8.3e 2 - : - - - .
4 ” L] 8 10 12 14 18 18
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Eq. 65 is shown in the graph for three damage levels
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Table VI-5-27
Rock, Low-Crested Reef Breakwaters Built Using Only One Class of Stone
[rregular, head-on waves
van der Meer (1990)
Trunk cross section of reef breakwater
/ initial shape, area A,
_— T =
s S _~ Equilibrium profile
N area A,
h he W ~
~ Homogeneous & o
pile of rocks S
L 75
The equilibrium height of the structure
Ay . . ;
he = | ——=  with a maximum of h], (VI-5-"T73)
exp (aN}¥)
where A area of initial cross section of structure
h water depth at toe of structure
h. initial height of structure

«_ _H, -1/3
N; ADn50 P

_ Ar I —g A2
a = —0.028 + 0.045{—h;—)§- +0.0345 -6 x 107" 57—

n50

Data source: Ahrens (1987), van der Meer (1990)
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The mass or nominal diameter of the armor layer of a rubble mound structure
is determined by the extreme wave attack that can be expected during the
lifetime of the structure. There is a direct relationship between the desigm
wave height and the size of armor rock, which is often given as the stability
factor H,/ADps0, where A is the relative buoyant density. It can be concluded
that the nominal diameter of the armor layer characterises the rubble mound
structure. It is, therefore, also a good parameter to characterise both the wave
height and the crest height in a dimensionless way.

The relative wave height can then be given as H,/Dnso, in accordance with
the stability factor, and the relative crest height by Re/Dnso, being the number
of rocks that the crest level is above or below still-water level.

Moreover, a separation into H,/Dnso and R./Dnso enables a distinction
between various cases. For example, low H,/Dnso values (smaller than 1 to
2) produce low waves traveling through the crest and high H/Dnso values (3
to 5) yield situations under extreme wave attack. Finally, Dnsp can be used
to describe other breakwater properties as the crest width B. This yields the
parameter B/Dnso-

The primary parameters for wave transmission can now be given as

Relative crest height: R./Dnso

Relative wave height: H/Dpso

Fictitious wave steepness: Sop

And possibly: B/Dpsq -

The outcome of the analysis on wave transmission, including the data of
Daemen (1991), was a linear relationship between the wave transmission coeffi-
cient C, and the relative crest height R/ Dnso, which is valid between minimum
and maximum values of C;. In Fig. 23, the basic graph is shown. The linearly
increasing curves are presented by

Dso
with
H;
a=0031—" —0.24. (41)
Dnsﬂ

Equation (41) is applicable for conventional and reef-type breakwaters. The
coefficient “b” for conventional breakwaters is described by
convenaona,.

H, B M
b= —5.4250p + 0.0323 5~ — 0.0017 (I—)-n;) +051, (42)

nS50

and for reef-type breakwaters by

H;
Daso

b= —2.68,p —0.05 +0.85 . (43)
The following minimum and maximum values are derived:

Conventional breakwaters:

Minimum: C; = 0.075; maximum: C; = 0.75. (44)
Reef-type breakwaters:

Minimum: C; = 0.15; maximumm: C; = 0.60

for Re/Dnso < —2, linearly increasing to C; = 0.80 for Re/Dnso = —6.  (45)
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The analysis was based on various groups with constant wave steepness
and a constant relative wave height. The validity of the wave transmission
formula (Eq. 40) corresponds, of course, with the ranges of these groups that
were used. The formula is valid for

1< H,/Dpso < 6 and 0.01 < s, < 0.05.

Both upper boundaries can be regarded as physically bound. Values of
H,/Dpso > 6 will cause instability of the structure and values of 5., > 0.05
will cause waves breaking on steepness. In fact, boundaries are only given for
extremely low wave heights relative to the rock diameter and for very low wave
steepnesses {low swell waves).

The formula is applicable cutside the range given above, but the reliability
is low. Figure 24 shows the measured wave transmission coefficient versus the
calculated one from Eq. (40) for various data sets of conventional breakwaters.
The reliability of the formula can be described by assuming a normal distribu-
tion around the line in Fig. 24. With the restriction of the range of application
given above, the standard deviation amounted to o(C¢) = 0.05, which means
that the 90% confidence levels can be given by C;£0.08. This is a remarkable
increase in reliability compared to the simple formula given by Egs. (37)-(39)
and Fig. 22, where a standard deviation of o(C;) = 0.09 is given.
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Fig. 24. Calculated (Eq. 40) versus measured wave transmission for comventional break-
waters.

The reliability of the formula for reef-type breakwaters is more difficult to
describe. If only tests are taken where the crest height had been lowered to

less than 10% of the initial height h{, and the test conditions lie within the
range of application, the standard deviation amounts to o(C;} = 0.031. If the

restriction on the crest height is not taken into account, the standard deviation
amounts to o(C}) = 0.054.
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Figure 2:

important aspects during cal-
culation or assessment of dike
height

During design or safety assessment of a dike, the crest height does not just depend on wave
run-up or wave overtopping. Account must also be taken of a reference level, local sudden
gusts and oscillations (leading to a corrected water level), setting and an increase of the
water level due to sea level rise.

—aheight as built
< height after design period

|crest freeboard

minimum crest freeboard

g T T
extra #:I:r sea level rise, including NAP_ %
_d_e_cl_lna!:pn_mr_lde-ﬂu Em,)dA O cemms genere s me s Y greference level xxxx

The structure height of a dike is composed of the following contributions; see also the
Guidelines for Sea and Lake Dikes [TAW, 1999-2]:

a. the reference level with a probability of being exceeded corresponding to the legal
standard;

the high water increase or lake level increase during the design period;

the expected local ground subsidence during the design period;

the bonus due to squalls, gusts, seiches and other local wind conditions;

the expected decrease in crest height due to settling of the dike body and the undersoil
during the design period;

f. the wave run-up height and the wave overtopping height.

o an o

Contributions (a) to (d) cannot be influenced, whereas contribution (e) can be influenced.
Contribution (f) also depends on the outer slope, which can consist of various materials, such
as an asphalt layer, a cement-concrete dike covering (stone setting) or grass on a clay layer.
A combination of these types is also possible. Slopes are not always straight, and the upper
and lower slope may have different slopes if a berm has been applied. The design of a
covering layer is not dealt with in this report. However, the aspects related to berms, slopes
and roughness elements are dealt with when they have an influence on wave run-up and
wave overtopping.
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