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Introduction

“Only the application makes the rod into a lever” is the famous remark of the
philosopher Ludwig Wittgenstein (1964). All engineers remember their university days
(and nights) doing homework problems that turned the lectures (rod) int6 useful
information and tools (lever) by the application of the materials presented. Those text
books with many example problems (and answers to the homework problems) always
rate as the best.

The new Coastal Engineering Manual (CEM) is divided into six Parts. The first
four cover mainly the science surrounding the subject while the remaining Parts V and VI
summarize our latest engineering knowledge for studies, designs and constructions.
Chapter 7 of Part VI has been set aside for the Example Problems. Thls chapter is
currently in preparation with some of the materials included in these notes, namely wave
runup, wave overtopping, and armor-layer stability.

The single, most important improvement has been the use of irregular, water wave
spectrums in the analytical treatment, physical, (laboratory) experiments, and numerical
model simulations to study wave runup, overtopping and armor-layer stability. Coastal
engineers must adopt this new technology quickly to prepare more cost effective and safe

designs in the future.
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EXAMPLE pProBLEM NT=7-1

FIND: "
The svri-similarity paraméeler for vse WM Wave rvnvp and wave
oVertoppng calculoatiine Hor lovacrested regular waves o v pzerivgsile

and permeable slopes. (% Alss'called the T¥ibarren Number]

AalVeN ! )
An '1mper meable strvcbure has a smoot, slope. of { on 2.5 and is Subjeelis o
a d&si%"‘, 5icj“i7cim wove, Hs= 2.0m( ¢ #) measured af a £ loceded m a

iizru\ d=4.5n( 4. 84t).  Lesign wave peak period, Tp = 8 e, Qsicin deyth
troctine toe ot high water is dioe = B.OP:\ (984). (Assume ino change
w the refroction coeflicicdt beliveen the strectuns. amd the e 8""‘6‘2)

SoLUTIoN
The surf- Similarihy Eamm‘te,r for J'rre%u(,ar wawee ds on The wacee
. . foGoaa . —y - - b}
s+c5pmss and struc siope. Twe defifitione are given AS Equaiisn {E-3-2;

dependine on The peele bawe period, Tp or Uhe imean W berced, T, bt S3Th
use the igmi'::.?cew:t waue !/uuqbd: «t te toe of He stricive,

le Linear, regolar wove shoalung,
(@) Deep wetes v .
Fist celewlate the deepwiter, unvefrazied wace. height  Hy From wicee
measvred badk ot o d%P weler, US:“@ the depth wihere waves messcasd

2nd _ zm (4.3

— = = ©. 045!
T T (a8

™|
o

0 Fomthe SPM (1984), Table C-| , Appendix C for ¥Lo = 0.045)
g2 < o041, ‘fiu,.sh.oaib'w.l aoefffcia,ct/ ks

Ho
Z2.0

Mre) Ho! = L oal = L9Z m (6.3,{#:)

B Orvsing ACES( Leenknecit @bal .,1992), Snells Laws, Crest Angle = 0.0°
Ho = 1.92m (6.2 )

(Notz,: Aces mdicates wove brecks o ay = 2w A = 2.8l bt 5..7.»,.;
A= 317 m gues H= 2,14 1. ACES does nel ;;uw.ct *.—‘Encft.i»g H

g 2,0m water dzﬂ.'th
@) Or, USW—& AHU’YMI&- Wane Tc»-i’a{'.a_g (é.a. N:‘cfse_n/ 1984)

2 = kd (1= £hod + Z (kadf

Lo P
k. = 2T _ 4m?
e - Le ™ g'}.z

K., = \l 05 c%}

3
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EXAMPLE  PRogtEM  VI-T7-1 (continued)

81‘\/@ L(od = ©.2829(
Co - 0.44082
Co
Ke = 10416
and H," = 1920 m (4.3 4f)

(&) Toe of stroctupe. -
Next, shoal the deep witer wanve to a deph, d =2.0m at The Toe of the

strvcture’
() Fowm the spm(iase), Teble C-1, Appendie for

Atoe  _ 2Td4me _ zn(2.0) _ 0.0300772

Lo 4T% (3s)(8%)
Ke = Hfff— = 1,128

Hige = 206w (T7.04t)

(z} Fromm ACES , H=2.14m b d=317Tm cannst Find Hewe Wx -
gi"vevs Hy = 2.€l m vhen dp = 3.1bnn amd ERROR messadge whee 4=3.01

(3) From Alternacte Wave Table

kod.. = O

Ca2 - p. 29486
Co

Ke = 1.1252 1

Hize = 2,061 im—C7r<9#f)
2. Wawe M@MSS/ Sep

(H)me _ 2T _ 2r(z.0)
{59(9)-@{_ = Lo = QTPZ *‘3-81(6)‘2

Sap - 0-02”92

3. Surf- similarity pa,rwmmf/ Sop

F‘-’«n'a,u,«i  the surf-sim utzc paveirr, Sop ‘as defined (V-5 z_)
C c Ctanx /25 - 0.4

o = =

P { 5"19' {C.02162 01469

$op_= 272

Therefore ,

’ L
Note that che svbsevipt notation imecma. Uswe the deepudzr vort lvg™ Lo
tand P peade. et r‘f).r.»n:ad; Te t w@w@;;'ﬂa gop

4
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EXAMPLE. pRoBLEM YT —T7-| Caon*mucd)

4-. Sur'F"' Sim; i&-f!‘h W@Mﬁf} gom

The éain MM?C. wd Ton ires km)ulza‘ e Vm v Ve whdth
ot the vuww..s{zacwm me PEIE ~5-2 (p.Wi- r-‘-xs) for Hhe theoret:

spechrums
JoNswar To/Tp = 0,78 o 0.3%.
PlIERSON - MOSKOWITE: T/ Tp 0.7 te 0.82

"

Theretore Q,SSUMW-& Tm/Tp =076 , To = 6.1 sec ™

H A
Som =3:&1 = Zle(zm) =
s5 1 3.3 (6.7)

. 02715

WLL gom‘;—‘_‘bmd = Vz.s = o &
5o Yo.0a718 0928

gam—\ = 20',2

Bdﬂb gap aed ‘EM are erW'{)LOV&;Q‘;h wane er!Up and oywteppy;&:
Formpatatinn,, <

DIscyssion a
Tn ‘)Wj""“‘? (‘;{:Jr eher Sop 20 Som,
o ‘/:am >4

So = ‘
‘\j5o
_ Hs 2w He
L~ B L_a - %TZ
| et T
/-2-'31- 1/?_/'. !/Z
&) ")
—_ or go = T

(W) cotot (Hs) V2
() As T incresees &, increases

. L N . ’
(2) As COTw incwsse (Flider) , 5, decreases

A

(2) Lie, u‘i ;ﬁ(,w@@/ <» ngLW/f/’,/ P’Lom{ma:f&-;ilj

OLlasro
g/1¢fo0
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EXAMPILLE ProgLem TI-7-2

FIND: p) The height above the stilwaiter lwed (SWL) To which a revebment
must be built to pmuwt Wave DV@VtOppwu}( by the wane. .
(D) The reductivin im reqvired. strudave hedinty uniform -sized  Fiprp

s placed on the slope

GINEN ;  An impawuwauﬁ. s%rw{zvm, nas a smeoth slope of | en 2.5 and

e subjeded to a deaiga, Si witicant wone, Hy = 2.0m (bl ft) messored
o o gage locsded in a /c[ =4--5m<r4.%#)- Dt“j’h‘m[%ark
por'md/ p = 8 ste. %dt«rﬂ’/h ot shrudive toe ot L-u,in Loty i%
diee = 2.0m (9.8 1),

SOLUTION @ Toem Example Poblem W=7+ , lingar e thee 2% e

(A% = Zoitem (T.04) |
and the S-ur@—SimlLMH'y P\avo-/lrvu.z;r s
gop = 212

To prevert weme oveitoppi the wave runup vadue atthe 2 pereert
PmbP@B:h“ mLe,chzclcwci mé}( ‘J‘:’a calevlolee , Ffﬁure o-=£-2 MP‘:‘""(J .
Yhe considevalide sciBley inThe dalee for smodTh slopes, rrm.?u,éa,r/_), -—Uf??‘swté/
heod —on neite. amd Taide T-5 -2 ?vcs the coetficiwts for v nn = g vt
V-5-2 whemn

gaP > 2-5
n J ..E‘i?‘:/?— = -=0.2 fs'op + 4»:_‘:
| (Hedtae |
= =o.2.@.72) +4.5 = -0.545+4%5=3,955
and. : Ruaz = - 3358(2.10)
i(a) Smorth_slopes

Q_)Ta Prwwi,wu'@m;;&ﬁ 5 RBuzt% = £.58 m \

[ Notz Thet Xr- = Y{, = Vh = YP = 1.0 are Takem i Ec[m :2_3:-5*-3 -fo.r’s‘wwo‘th! o btml)
Ruyleigh Deotribitins, sud " geco inchdonce amqle it teopedirelsy )

Anobher =t of runvp dato. for smesth slopes e i;w.wﬂo& i F?-a'wg, U-5-5

wmd Equalion U-5-6. ( Honn de Waad dmd vam dev Meer, 1992) e When

fop > 2.0
waﬂ-b&} -
—_— = 3,0
. @5)’&
s = (.45
2) To jljwwn:t ovw‘ta_ppy{,.s, Ruzz = e . 4Bm

&
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EXAVIALE PROBLEAM TT~7-2 (contrnces)
@) /-avu74 s/o/ye_r
7Re sorface rovghness predieclin failor, 4 By Lgentons W -5-2
&gmm 1 Jabl W-5-23 and l'es m The range, V= 0.5 -0.6 %or
ole or rnore 447&&: o7 tock.
1”3 j?, =855

W £g5n H-5-3 Lozt = 3.955 4, =_,.955Z9.55) = 2./75 s

(Hs)zie
HSerce ozt = L7080
@ Egn V- 5-¢ Keeo  _ s =3 =. 4
@{S)ZE "-'0 ~ —'-0(9.-7,)_—_/-05
i /eaa,‘:, = P55l

(3) Ze Z?a?%f Hydroowbees TGt proguam, [Teble V/-5-2) also provides
dela For (mpermestle ro slopes . ffere, Fe ©etn teve jcs e,

50/7‘.“5/‘/}’?/ /Z-'—'f’/ill/ /’)‘4?@W-€f&r/ fpn, /s %ﬁ&a el & c/&o-c_éa;col& 2

Egobbid (BI-5-/2) tioh cocticiots’o. Tztte T 2e—5. %r

A ptcle oF gxcecdiree /;x«v@m/.ﬁo&e, ( See Ez.f«mf&.

Aroiiem =7~} +fr Son vatre For Tis ZLM;¢C€/.ﬁn = 2,5?)

&U/?@ﬂ fom > /5

. A
%f);é_ = /,/7/_;&;,“)‘9

I

1170207 %< seozc

TReofre ezl = 1635 (2.06) = 353m

//gzﬁaf coefrceests r B and & gt-%te 2% oxcecdsrce /faéﬁéf;-ﬁ
Lrel . TR recedlt o vevy cleze 1o PraZ v () cbove Z%o,? = 8.51

A
@) Ateif safel, 7£¢2291«.:/ by and 2 and Euzy, . The Lelfs
- lovs s Yt Coysed o /%,,f— E—"é g 7_67—4("( U—é-/?.
Fssere Phe annual Foclene '//wéa»é,’/?_#' 2 =a/m(50%
f‘e@é//"}‘fy}'. For reletwell, low OMC&IZM wy &ow(e?;c?/m
~Hdre Aﬂcjﬂt (U/égf =0.05) ?.M'@
I -J’g: 12(/.06) = 1272

wnd & probubilistl @M} By = 1272(2.53) = 4.G9m . TFH
chcerlionily i1s Aigher regordn nsre beight (Thys =0.2) Then -
| b 202 = 1.3(/.08) = /. ¢od

~
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Exampre Peotuzm W —7-2 (comtinved)
. FaS
wmd o probukilotic etimdz, vz =1 +od (2.53) = 2.96 m

The W@’}— ,léuz.a;a = 4.5 =5.0 pr bradehs W{, wm % Ruz%=4.7+
a% {'ouwd from Eﬁyh Yl -5-3, Th;,s oty hr @M f}rv‘-«’. Q’dz,%f velue.
coulcta.(wbew/pW«QMbwj bde, & $0%  amnueld (eved .

DiscussioN

AS S.&%;v\ F:il'?w W“S—'B, ai: EOP = 2..‘5—/ RU?—%/HS MM% S PG F A

V@th Solvmcl for e varicbles uvolved wa §0p %Wes a«}’)proxbm%.
Metace St.!s't&m |

X Tp Z 90
(He= 7

Evu}(n?rh Sysen,

Brox Tp _ (10 |
@W)VL

For the above example mpl;wﬁ ";:&"rmo(:_ 0.4, Hie = 2.16m GJ,% | | t

(%) = 726 sec for rmapimeon runigo
For the #hove  exammie k&apwﬁ Tp =80 %e Hige = 2.lem gus
T = 0,26 bt =2.7 for wagimun runup.
USW«j a steeper or flatler slope u;"tl rediner. the Wine vviyp,all alé&%qw

L. Baseo
BAG«/oo
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EXG 1 phE  LROBLEAT BT —T7—3

AND . TRe Aegnt aboce Phe SWL 76 wfecth o Fock-armored
Strectune (pesmestle ) showdd he il T preventt tave
a-r/a%/z/»r'j 57 e a/m%:q “are . :

GIVEN : 7Z€ Samne M For 5&%@ Apblesn Z-7-2 6\'4.{(//4':4:«4:/7?4
Belgrw, bet now 7or a _permectle brealiinrls, /et )sroeeTune

A%

=/ = /2.5
4:& T 2.0
rrecomted 0 = .S -
7 = 8Bxsec
O/; = 2.Oum
/nay

Socverrea | Core permeadititiy SigrificaTly omFloeree, ztve
I /04 A/a%{é y,‘z,r.f/rw-éf.ri ;f:/d{ae_’.//‘-;g{é;,?;; Zre

a’(jwlag n /erwuz._.@—-f—//. 7Ze/9/~£wva.: E_/z:dmf/;éé Aol itrrs W2 -7- % |
oo W =7-3 “were Br PO,/ defirel an timpermestle. Jo:t .

AYnlls shpron on /:ftf/wmg;f" 2 are Tl /pz?-/ G ,—-Z:Of
el cé&yfy e ' ﬁg,l/ﬁaé’a«% ke Son > ..?.76/-/9&’574;;{»&3:
sYreeloes.. Epealeny T ~5—/3 fras beew developued * Tie
conliot AT To The perrectle dola. axt coettscants bgatnn T

on Toble X -5-5, ° ;

Br Buzo B=/17,C=0.86 ad D= /97 gus

C%)%' =[;7; 5es =(r.66)*"7= 250

bhie /5% §om< (%)l/‘

Az = Yy <
o B(Em)

= /,/7(2.0-7)0' g L 625 4
S Rerefine L2y, = 353 m
dond Tie Sarne MM%' b Tor P=0O./ /l;ﬁyyﬁ&rmep{& s /O/ze.!,
Ey deferindoni, '

ﬁm s 1 = = 2/0
//-Som
» 7 Lonces
e poort ate, /D&rmz.a,ff& core tcdices Hrire rretiess.

//bér% Lores o et el £ om }é&f' “PRe "+ W\g CoraVard
Leccerso g/ Tle SHecTous /afr‘mf(uér.&éﬁ,—_ Al The brmd,

ot I PP (sce Te6le TT-5-5)

| (#7s) 7
| Wj/u?/m_e (/?UZZ/;W = L 25 for Im = 9./sec {/,7;05/23)
9 : . D.Bgsco
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EXAripPLE LeoBLE T T ~7-4

Anvd ! The ﬁ.&&/w{«ff' above The SHY neler level 75 w/ﬁoéé & reveloment
et be built To prevest Liare pz/&r’z‘ap/a : 57 Tre au%
wore ( Sarre an Ex. frob. T2 - 7-—2) bt ﬁ?fz}/éwy@ con s Fns,
@) stetistreak hotriboliore oF aweve iy . ' o
B) inftverce oF shellowr valir om hbve rimeg

(c) rh fleeree ?J leare m'?&_ and FrteTimmel :Wﬂ@ﬁcé;ry D1 LLAAE [ERIEp

GrEw ! Same condiFums as Em»yg&. Sobler T-7-2 for SonosTh sl

Sole 7o | E?:/azzm'q -5-32 holds o, &G erer el Fow ﬁ/y\_z /{3“4‘%
ek an The toonys level trcecded by L% oFthe
Vheident wovea .  CoeticinZs Aand C |
&n boTh fap ard & /ﬂ /&?@h r 73l o Mare /?-Gf-ﬁwié’

(2) Srotisticel ohs Hibelenio

() signiticet rea Arceve XT—5—¢ 044/2/&79 The VaTo
Scaller and Totb M —-5-2 prévide coctficionts To'talealsts

The Sthpnfecant ttoe Friys, Ks, G in Torn Ekaryle Lol
-7~/ "
(Hs) e = 206 u,
and _
f‘op = 2.72

S0 Blat wtfen Z<§‘;b<'9

LKus_ - - 0.25 5, + 3.0
()

~0:25(272)#3.0 = ~0.08+3.0= 2.22

f

Therefore, KL = 5.0/ m

TAe P (196%) caleeleled. a. remcy lf_féff*ﬁ .
EX—M\?pdﬂ_ /pka/yéew.. /VQ— 4 %r Tﬂe Sl O.//t-éd- s

L Sl m o
- e &1556‘.’/: .

sove 2o The S/ ﬂ?fuodni teore Aecq b, 7o [Covylocs A Mo Frodolta
Hor ware fteo o Gurte The Folborersg /Mm«—,zh?’as for extreers
et 7777 4
24/0./ - /:/o./ =/
yra ,—rs. = LOX3
;7/0.02 )
/‘57/5 = /fS?g
/—/D.o/ — F
s = /517

TH# e ware rovep alio followed 4 /24,3,&;7.4.. e Fredoe Lo, e
: lO S
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EXGrIPLE VL~ 7~4 (comtinced )

/@(/0.2 — /D
s /298
jf'yes : Koz = /298 (.570/) = L Om

This resclt s et bower g, Az = 855 mm caledefod
EXAGripls TT—T7-2 75, The Sinosth Slojpe . Lo G eretil, fpdice,
7or Rus dnd Az Cabeeklalecf Y90, n QN T ~5~2 2. coedds -2
o Teble W—5-2 M Follenr 4 &7%4 2{.}?"}/5':;'234{
Tr tave brngp, L AT e TR T

- r

(2) Sﬁéfb;' 7[ ¢ ol fﬁa fé/'/j;‘,/,‘zawlv Vel i FeALL BV crrrestly < er SE.

A

. # - ' » o
f(';f 2"/%2 7%6/’9&0%’7 mﬁfﬁa—ﬁf;; : (// /‘Tjﬁvy/f’t;"ﬁ 3//;7;/,597_&"{. L die /‘;é:{?f;é
(2) Princodle, Foce aino28 $icpen
(3} Stope, Cotod > 2
570&% LZ—5—15 -54?4/_5
e
<
P&’p% r—B[—/ﬂ/L}) o
et Kept = revrep leve/ crccedecd 2y o 7> 27 TR rore,
dnt 8,

o E)‘W({, Froblepnn X-7-/ ond mW-7-2

1N

i C aleeleiled Fpim gin A =510, / 7~ i

‘Em = 2.07 (‘/Sa:zn = 2, 037/3)
= o5
oo = 2. &

) O/tr018)]

7 Some = (877 P77 tanct

V0.2 Ly 1:]/( |-2:_>)]

i

=

(577 (05)" (0.2
0.9

fl

(2.9¢4
$ome = 2.385
Tlenetrrs Eom < Somc p/yéugéj s
o
- -3
soRel = 3-0\/5;“/\? *

‘OS/Q -‘{._. 1
=z.c(207) = /4723 c =0.575¢

—
e

i 5/;4/.9‘5 ! ﬁ//-_grz == 57';-7 W—f—/f k-{-d'/h.-’..:.f ?5%{_ &7.4{.3,4 5;9-73/.5—.: /r

-~

7Re scalp. P@Lz«)g\,ﬁ, be romes

L

X See LISCUSSLoN _ F
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EXGrPLE TL~7~F (continved)

B = f an¢(50n,)— “ (6050() ”0'7

or - =2k o.¢(0f037/3)_//¢(2-5)—&i7

2. /4[0.41 (2.2773)(@,82255)]
= 2.4 [0.758 4]
= /633

+

i

1/ -
A2y = /-é&?é iz /0.02)_7-/[ 7 .

0.5759
Roass = 1.638]3.9/2]
= /638[2./92] |
o0&t v Sel
oz = 3.59 (E/\’ O JZ._?,;’;‘,_)
/803%_ = 2 552m
dovd D.575¢
/Qp.g = /,é'g?["/h (0./35’J7
0.375¢
' -
ér/s = /,éB&[?. 002_/
= /¢38 [1.49/]
/I/DW /?02-%‘ - 3'5? .: /'47
s Z. G4

ernd i pirl The Strre ao Tée /&7&}74 e 7ot bl sthens
Moy = /.29F He : £

4t Cle / To bel 0.5 75¢

Cors = 1638 [~ o (0.2])]
— 2,575¢
= /628 [4.605 ]
= 1,638 [2.4077] = 3.9¢m
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(2) Surf Similarity Parameter (Irribarren Number). Wave runup and rundown on a structure
depend on the type of wave breaking. Breaker types can be identified by the so-called surf-similarity
parameter, { (Battjes 1974b). The parameter ¢ is also referred to as the breaker parameter or
Irribarren number. The surf-similarity parameter was originally defined for regular waves as

tan « _ . . )
= (V1-5-1
a sa

where
& - slope angle
S, - deep water wave steepness [= H, /L ]
H, - deep water wave height
L, - deep water wave length [= gT%/27) -
T - wave period
& - acceleration due to gravity

The wave height H, at the breaking point is sometimes substituted for H, in which case the parameter
is denoted by £,. Breaker types and related ranges of £,-values are given for impermeable slopes in
Table VI-5-1. The boundaries of transition from one type of breaker to another are approximate.

TABLE VI-5-1
Types of Wave Breaking on Impermeable Slopes and Related £,-Values.
WW
— — SPILLNG €, <05

PLUNGING 05<£,<3

COLLAPSING £,=3 & 35

SURGING  §,>35

VI-5-6 SECOND DRAFT, May 2000



For irregular waves the surf—similarity parameter is defined as

tan tan a
ar E = M‘S‘Z)

where
¢ e 2T
om LM g Tj
g oe i
ap Lop gTj
and

H, - significant wave height of incident waves at the toe of the structure

7, - mean wave period
T, - wave period corresponding to the peak of the wave spectrum

Note that 5,,, and s,, are fictitious wave steepnesses because they are ratios between a statistical wave
height at the structure and representative deep water wave lengths.

The relative runup R, /H is a function of £, the wave angle of incidence, and the slope geometry
{profile, surface roughness, porosity). Differences in runup characteristics make it convenient to
distinguish between impermeable and permeable slopes. Impermeable slopes belong to dikes,
revetments, and breakwaters with either impermeable surfaces (e.g. asphalt, concrete) or rough surfaces
{e.g., rubble stones, concrete ribs) on fine core materials. Permeable slopes belong typically to rubble-
mound structures with secondary armor layers, filter layers, and quarryrun core.

{(3) Wave Runup and Rundown on Impermeable Slopes. Runup on impermeable slopes can be
formulated in a general expression for iregular waves having the form (Battjes 1974)

R
[+ 1
o - GEOY, 1,1, ¥, (VI5-3)

where
Rz - nunup level exceeded by i% of the incident waves
£ - surf-similarity parameter, £, or £,

A, C - coefficients dependent on £ and i but related to the reference case of a smooth, straight

SECOND DRAFT, May 2000 VI-5-7
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impermeable slope, long-crested head-on waves and Rayleigh-distributed wave heights

- reduction factor for influence of surface roughness (y, = 1 for smooth slopes)

- reduction factor for influence of a berm (y, = 1 for non-bermed profiles)

Ya

- reduction factor for influence of shallow water conditions where the wave height distribution
deviates from the Rayleigh distribution (y, = 1 for Rayleigh distributed waves)

¥s - factor for influence of angle of incidence B of the waves (y; = 1 for head-on long-crested

waves, i.e.,
in y, as well.

(@) Smooth Slope, Irregular Long-Crested Head-On Waves. Van Oorschot and d’Angremond
{1968) tested slopes of 1:4 and 1:6 for €., < 1.2. Ahrens (1981a) investigated slopes between 1:1 and

1:4 for £,, > 1.2. Figure VI-5-3 shows the range of test results and the fit of Eqn. VI-5-3 for R,,4.

Consxderable scatter is observed, most probably due to the fact that the runs for £,, > 1.2 contained

only 100-200 waves. The coefficient of variation, 65,/ 7~ R seems to be apprommately 0.15.

The significant runup level R, = R,;;4 depicted in Figure VI»5-4 does not contain data for £,, < 1.2.

The coefficient of variation appears to be approximately 0.1.

The coefficients A and C together with estimates of the coefficient of variation for R, are given in
Table VI-5-2. It should be noted that data given in Allsop, et al. (1985) showed runup levels
considerably smaller than given here.

VI-5-38

A Ruzx/ng
APPROX. RANGE OF TEST RESULTS
Ruz%/Hs = 0.2§°p+ 4.5

Figure VI-5-3. R4 for head-on waves on smooth slopes. Data
by Ahrens (1981a) and Van Oorschot and d’Angremond (1968).

SECOND DRAFT, May 2000
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30 T APPROX. RANGE OF TEST RESULTS
25 A Rus/Hg =—025¢,,+3.0
20+ &

£
1.5 - :
1.0 - \:
05 - i
{ gop
0o 4 ! : ; ; ; -

Figure VI-5-4. R, for head-on waves on smooth slopes. Data by Ahrens
(1981a).

TABLE VI-5-2
Coefficients in Eqn. VI-5-3 for Runup of Long-Crested
Irregular Waves on Smooth Impermeable Slopes

Generally less experimental data are available for randown. Rundown comresponding to Rpx from
long-crested irregular waves on a smooth impermeable siope can be estimated from

SECOND DRAFT, May 2000 VI-5-9



Rdzs » 0.33 Eop Jor 0< Eap < 4

7 1.5 for £, >4 (VI-5-4)

In the Dutch publication by Rijkswaterstaat “Siope revetments of placed blocks, 1990 the following
expression was given for rundown on a smooth revetment of placed concrete block

Rdzi

= 0.5 Eop- 0.2 (VI-5-5)

2

Another set of runup data for long-crested head-on waves on smooth slopes was presented by de Waal
and van der Meer (1992). The data cover small scale tests for slopes 1:3, 1:4, 1:5, 1:6 and large scale
tests for slopes 1:3, 1:6, 1:8. The surf-similarity parameter range for the small scale tests is 0.6 < £,
< 3.4, and for the large scale tests 0.6 < {,, < 2.5. The data are shown in Figure VI-5-5 and were
used by de Waal and van der Meer (1992) and van der Meer and Jansson (1995) as the reference data
for the evaluation of the y-factors defined by Eqn. VI-5-3. : :

‘ RUNUP RUZ%/HS

4.0 l
R uz%/Hs= 32
>
3.0 = I
[Hs= 3.0
2.0
1.0
fop
o o
0 3.0 4.0
w—u MEAN RELATION —. — RECOMMENDED RELATION (TAW)
g SMALL SCALE, SLOPE 1:3 x SMALLSCALE, SLOPE 1:4
¢ SMALL SCALE, SLOPE 1:5 % SMALL SCALE, SLOPE 1:6
o LARGE SCALE, SLOPE 1:3 o LARGE SCALE, SLOPE 1:6

a LARGE SCALE, SLOPE 1:8

Figure VI-5-5. R4 for Long-Crested Head-On Waves on Smooth Slopes. From
de Waal and van der Meer (1992).

VI-5-10 SECOND DRAFT, May 2000
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The mean relationship, taken as the reference case for Eqn. VI-5-3, is shown with the solid line and is
tepresented by the expression

Rm iy 1.5 EQ Jfor 05 < E,, 2 VES6
H 3.0 for 2 < Ew < 3-4 _
E

The dotted line includes a small safety factor, and this relationship is recommended for design by the
Technical Advisory Committee on Water Defence in Holland.

Based on a somewhat reduced data set compared to Figure VI-S-5, the uncertainty on Eqn. VI-5-6 is
described by de Waal and van der Meer (1992) by assuming the factor 1.5 as a stochastic variable
with a normal distribution and a coefficient of variation of 0.085.

(@) Influence of Surface Roughness on Runup. The original values for y, given in Dutch
publications and in the old Shore Protection Manual have been updated based on experiments
including large scale tests with random waves. These factors are given in Table VI-5-3. The new v,
values taken from de Waal and van der Meer (1992) are valid for 1 < E < 3:4. For larger £, ,-values
the y, factors will slowly increase to 1.

) TABLE VI-5-3
Surface Roughness Reduction Factor y, in Eqn. VI-5-3, Valid for 1 < £,, <34

Type of Slope Surface
. Smooth, concrete, asphalt 1.0
Smooth block revetment 1.0
Grass (3 cm length) 090-1.0
1 layer of rock, diameter D, (H,/D = 1.5 - 3.0) 0.55-0.6
2 or more layers of rock, (H,/D = 1.5 - 6.0) 0.50 - 0.55
Roughness elements on smooth surface
(length parallel to water line = ¢ width = b, height = &)
Quadratic blocks, = b
/b b/H, area coverage
0.88 0.12-0.19 1/9 0.70 - 0.75
0.88 0.12-024 1/25 0.75 - 0.85
0.44 0.12-0.24 1125 0.85 - 0.95
0.88 0.12-0.18 125 (above SWL) - 0.85-0.95
0.18 0.55-1.10 1/4 0.75 - 085
Ribs
1.00 0.12-0.19 1/7.5 - 0.60 - 0.70
SECOND DRAFT, May 2000 VI-S-11



(ii) Influence of a Berm on Runup. A test program at Delft Hydraulics was designed to clarify
the influence of a horizontal or almost horizontal berm on wave runup. Figure VI-5-6 shows the range
of tested profiles and sea states. '

[+ 4
tan a 1:3, 1:4 _
Sop 0.01, 0.02, 0.03, 0.04, 0.05
Hg (m) 0.10 - 0.20 :
B (m 0.40, 0.60, 1.00
dp (m) -0.08, 0.00, 0.08, 0.16

Figure VI-5-6. Parameters in berm test program at Delft Hydraulics.

According to de Waal and van der Meer (1992) the effect of 2 berm can be taken into account by the
following formulation of the reference Egn. VI-5-6

Ruzs = 15 Eopyryb‘yk?ﬂ =15 ieq.yrykyﬂ Jor 0.5 < Eee =2 (VI-5-7)
H; 30vy,Y 8 - Jfor o 2

where £, is the breaking wave surf similarity parameter based on an equivalent slope (see
Figare VI-5-7). The berm influence factor ¥, is defined as

3
T, = F

eq : .
=1 ~ r8(1 -re) 06 <y, <10 (VI-5-8)
op )

where

Vi-5-12 : SECOND DRAFT, May 2000
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r =1 - 2
B tan @
(VI-5-9)
dz
r =05|-2 0<r <l
a8 A H ] a

DEFINITION OF EQUIVALENT SLOPE o DEFINITION OF AVERAGE SLOPE o
(NCLUDING BERM) (EXCLUDING BERM)

. Figure VI-5-7. Definition of o, and « in Eqn. VI-5-9.

The influence of the berm can be neglected when the berm horizontal surface is posttioned more than
H, V2 below SWL. If the berm horizontal surface lies higher than d; = H, vZ above SWL, then the
runup can be set to R, = d, if B/H, > 2. The berm is most effective when lying at SWL, ie.,

dp = 0. An optimum berm width B, which corresponds to ¥, = 0.6, can be determined from the
formulae given by Eqns. VI-5-8 and VI-5-9.

The use of £, in Eqn. VI-5-7 is evaluated in Figure VI-5-8 on the basis of the test program given in
Figure VI-5-6, which implies y, = y, = Y= 1

SECOND DRAFT, May 2000 VI-5-13
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| RUNUP Ruzn/is

4.0
Formula
O dB-—— 0
3.0 B
+B
e T
2.0 =
+ n
B2
1.0 A
feq
4] -
o 1.0 20 3.0

Figure VI-5-8. Evaluation of the use of £,, to account for the
influence of a berm.

(iii) Influence of Shallow Water on Runup. Wave heights in Eqn. VI-5-7 are characterized by
H, which provides a unique definition for deep water conditions where wave heights are Rayleigh
distributed. In shallow water where some waves break before they reach the structure, the wave
heights will no longer be Rayleigh distributed. According to de Waal and van der Meer, the influence
factor can be estimated as

(VI-5-10) |

where the representative wave heights are specified for the water depth at the toe of the structure
(H.¢ /H, = 1.4 for Rayleigh distributed wave heights}. :

(iv) Influence of Angle of Wave Attack on Runup. Both the angle of incidence and the
directional spreading of the waves influence the runup. A test program for runup on smooth slopes at
Delft Hydraulics, as specified in Figure VI-5-9, revealed the variations in the influence factor yg as
given by Eqn. VI-5-11 and depicted in Figure VI-5-10. '

VI-5-14 SECOND DRAFT, May 2000
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o B Wave crest inlong
Directional i crestod waves
in short crestod waves .
[
gy
NS
Msan diroction of !
WaVE propagation
un a 1/25 1/4 14 with bormn
Sop 001 0.0z 003 0.04 005
He (m) 0.05 a1z
BA* 0 10 2 3 40 50 @ 2 m
o° (1] 12 25 82 45

Figure VI-5-9. Test program for wave runup on smooth slopes. Delft
Hydraulics, de Waal and van der Meer (1992).
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v Lo crowied v
104 8 o
[
o8 1
x
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Q 2 < -] o o
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[ Shaort crasiec! maves
m«*——«a:-_‘ v
4 o
x
s n - ———
o8
"
123
a b 40 & 80 -~
e AECOMMENDES 0 Sep =204, SLOPE 7:4
X S =004, SLOPE 1:4 P S =006, SLOPE 1:125
& Seg w004, SLOPE 124, withbam © Siope 1:4, otwr S ey

Figure VI-5-10. Influence of angle of incidence B and directional
spreading on runup on smooth slopes. Delft Hydraulics, de Waal and
van der Meer (1992).
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Note that yg-values larger than 1 were obtained for long-crested waves in the tange 10°< B < 30°

and that values very close to 1 were obtained for short-crested waves for B up to 50°.

Based on the results, the following formulas for mean values of y, were given

= 1.0 for 0°< < 10°

Long-crested waves
(mainly swell)

Short-crested waves

Yp = cos(f - 107

= 0.6

for

vs = 1-0.0022 8

for 10°< B 5 63°

B > 63°

- (VI-5-11)

(b) Rock Armored Slopes, Irregular Long-Crested Head-On Waves. Runup on rock armored
impermeable and permeable slopes was studied by Delft Hydraulics in the test program given in Table

VI-5-4.

TABLE VI-5-4 |
Test Program, van der Meer (1988).

PM Pierson Moskowitz spectrum
*  Some tests repeated in Deita Flume

VI-5-16

** TForeshore 1:30

Spectral Core Relative j Number Range Range-
Shape | Permeability | Mass | of Tests
Dy /Dy |- Density H /AD., Som
2 2.25 PM none 1.63 19 0.8-1.6 0.005-0.016
3 2,25 PM none 1.63 20 1.2-2.3 | 0.006-0.024
4 2.25 PM none 1.63 21 1.2-3.3 0.005-0.059
6 225 PM none 1.63 26 1.2-4.4 0.004-0.063
i 3" 1.25 PM none 1.62 21 1.4-2.9 0.006-0.038
4 1.25 PM none 1.62 20 1.2-34 0.005-0-059
3 2.25 narrow none 1.63 19 1.0-2.8 0.004-0.054
3 225 wide none . 1.63 20 1.0-2.4 | 0.004-0.043
3 1.25 PM permeable: 1.62 19 1.6-3.2 | 0.008-0.060
2 1.25 PM permeable 1.62 20 1.5-2.8 0.007-0.056
LS 1.25 PM permeable 1.62 21 1.5-2.6 0.008-0.050
2 1.25 PM homogeneous 1.62 16 1.8-32 0.008-0.059
2 1.25 PM permeable 0.95 10 1.7-2.7 | 0.016-0.037
2 1.25 PM permeable 2.05 10 1.6-2.5 0.014-0.032
2" 1.25 PM permeable 1.62 16 1.6-2.5 {0.014-0.031
2™ 1.25 PM permeable 1.62 31 " 1459 0.010-0.046

*%% T ow-crested structure with foreshore 1:30

SECOND DRAFT, May 2000



The core permeability in Table VI-5-4 refers to the structures shown in details @, ¢ and d of Figure
VI-5-11, taken from van der Meer (1988). The figure provides definition of a notational permesbility
parameter P which is used in various formulae by van der Meer to take into account the effect of
permeability on response to wave action. The value 2 = 0.4 in Figure VI-5-11, detail b, is not
identified by tests, but instead is an estimated value.

Figure VI-5-11. Notational permeability coefficients. van der Meer (1988).

SECOND DRAFT, May 2000 Vi-5-17
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The runup results from the test program described in Table VI-5-4 are presented in Figuwre VI-5-12.

A Azx/fhg

3.0+

25¢

204

1.5

1.04

Eq. (Vi-5-12)

05 o Impsrmeable core, P = 0.1 .
x Permeable core, P =0.5
0 ; ; ; : : : i ; §
o Tt 3§ t ¢ 7 & =™
| Rus/ris
3.0
251
Eq. (M-5-12)
204 cxo
15 Oegd % qx s
xX XX E *
1.0} o % Eq. (VI-5-18)
x .
LN o impermeable core, P = 0.1
Eq. (VI-5-12) « Permeable cora, P =0.5
4] : t 1 } } } 4 o €
o 1 2 § 4 5 €& 7 8 o

Figure VI-5-12. 2% and signiﬁcanf runup of irregular head-on
waves on impermeable and permeable rock siopes. Delft Hydraulics

(1989).

Note that &,, = tan & [ (27H, /gT,.2)"", where T, is the mean wave period, is used instead of ¢,
By using T,, instead of T,, variations in the width of the wave spectrum are taken into account. The
ratio T,/ T,, = &ou/Eop = 0.79 - 0.87 for JONSWAP spectra and 0.71 - 0.82 for Pierson-Moskowitz

spectra.

VI-5-18
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The central fit to the data for impermeable rock slopes was given by Delft Hydraulics (1989) as

R AE for 10<E_s15 |
7 B J° for E_>15 V2

The coefficients 4, B and C are given in Table VI-5-5. For impermeable slopes the coefficient of
variation for 4, B and C is 7%. Data presented by Ahrens and Heinbaugh (19882) for maximum
runup on impermeable riprap slopes are in agreement with the data represented by Eqn. VI-5-12.

i —

TABLE VI-5-5
: Coefficients in Eqns. VI-5-12 and VI-5-13 for Runup of Irregular
| Head-On Waves on Impermeable and Permeable Rock Armored Slops.

| A | 8 | c D"
{ 0.1 112 134 0.55 2.58
12.0 0.96 1.17 0.46 .1.97
i 5 0.86 1.05 0.44 1.68
| 10 0.77 0.94 0.42 145 :
| 33 (significant) 0.72 0.88 0.41 135 ;
# 50 (mean) 0.47 0.60 0.34 082 1}

" “Exceedence level related to number of waves
* Only relevant for permeable slopes

Equation VI-5-12 is valid for relatively deep water in front of a structure where the wave height
distribution is close to the Rayleigh distribution. Wave breaking on a foreshore results in a truncation
in the runup distribution which mainly results in lower runup heights for small exceedence probability
levels. However, sometimes higher runup may occur according to observations in the Delft Hydraulics
tests and recent tests conducted at Texas A&M University.

(4) Wave Runup and Rundown on Permeable Slopes. With respect to runup, permeable
structures are defined as structures with core material of such permeability that wave induced porous
flow and fluctuations of the internal phreatic line do vary with the frequencies of the waves. The
storage capacity of the structure pores results in maximum tunup that is smaller than for an equivalent

structure with an impermeable core.

(a) Rock Armored Slopes, Imegular Long-Crested Head-On Waves. Rock armored permeable
slopes with notational permeability P = (.5, as shown in detail ¢ of Figure VI-5-11, were tested in
irregular head-on waves by Delft Hydraulics in the program specified in Table VI-5-4. The results are
shown in Figure VI-5-12, and the corresponding equation for the central-fit to the data is given by

=A .. for 1.0<§.<s15
Rux/H, =B(L) for 1.5< {,. < (D/B)F (VI-5-13)
=D for (D/B)” 5 £,.<15
SECOND DRAFT, May 2000 VI-5-19



The coefficients A, B, C and D are listed in Table VI-5-5. For permeable structures the coefficient of
variation for 4, B, C and D is 12%. Tests with homogeneous rock structures with notational
permeability P = 0.6, as shown in detail d of Figure VI-5-11, showed results almost similar to the test
results corresponding to P = 0.5 as shown in Figure VI-5-12.

Equation VI-5-13 is valid for relatively deep water conditions with wave height distributions close to 2
Rayleigh distribution. Wave breaking due to depth limitations in froat of the structure cause
truncation of the runup distribution and thereby lower runup heights for small exceedence probability
levels. However, higher runup might also occur according to observations in the Delft Hydraulics
tests, van der Meer and Stam (1992). The influence on runup for the shallow water conditions
included in the test program given in Table VI-5-4 were investigated for the rock armored permeable
slope. However, no systematic deviations from Eqn. VI1-5-13 were observed.

(b) Statistical Distribution of Runup. The runup of waves with approximately Rayleigh
distributed wave heights or rock armored permeable slopes with fan @ > 2 were characterized by van
der Meer and Stam (1992) with a best-fit two-parameter Weibull distribution as follows:

R c
= % (VI-5-14)
Prob R > R _) = exp [_B-
or
=B (- ue v
R”p’—B(lnp) (VI-5-15)
"where
R,,s = Runup level exceeded by p% of the mﬁup
B = H[0.4 (s )™ (cot ) o (VI-5-16)
~3/4 . .
3.0 or E =< & (plunging waves)
= { (E“")_n_, R g o (VE-5-17) .
052 P (Em) 1/cot o« for Eo_ > Em (surging waves)
_ 03 [W(P+0.75)] | (VI-5-18)
Em = (5.77 P\ jtan a) - ‘
VI-5-20 SECOND DRAFT, May 2000
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P = notational permeability, see Figure VI-5-11.

1t follows from Eqn. VI-5-15 that the scale parameter B is equal to Riy,g (np =-1forp=037). If
the shape parameter C is equal to 2, then Eqn. VI-5-14 becomes a Rayleigh distribution. The
uncertainty on B corresponds to a coefficient of variation of 6% for P < 0.4 and 3% for P > 0.4.

Rundown on rock slopes in the Delft Hydraulics test program listed in Table VI-5-4 gave the following
relationship which includes the effect of structure permeability P (see Figure VI-5-11).

R -Gor )
-

2% _oljmna -12P 15 VI-5-19)

3

SECOND DRAFT, May 2000 VI-5-21

U_.\‘



% .
R Table VI-6-18 : _ |
Partial safety factors for run-up, rock armored slopes. De Waal and van der Meer (1992). Design :

without model tests.
Design equation

For (m = (cot &) Haom) 5 <15 - Ry/H, =a(p

G = %R" a7 (cot &)(Gom)®® ~ vy AT (VI-6~5T7)

Try =005 | oo, = 0.2
Prlye| vz Tl 72
0.01 1.7 1.04 201 100
005114 1.06 1.6 ] 1.02 -
010} 1.3 1.04 i4| 106 A
020112 1.02 1.3 1.90
040 | 1.0 1.08 1.1 | 1.00

For (m = (cot @) {s,m) "5 > 1.5 - Ry/Hy = b (()*

G= %R,, b7V {eot & (3om)®S]° ~ 4 AT (VI-6—58)

s =005 | oppy =02
YE Yz TH Yz
1.5 1.08 1.8 1.02
1.3 1.06 14} 1.10
12 1.06 1.3} 108
1.1 1.08 1.2 106
1.0 1.06 1.0 1.10

For permeable structures, P > 0.4, the upper limit of R, is given by R, /H, = d‘.

Slope angle
Som Wave steepness, Ha/L,,,
Lom Deep water wave length corresponding to mean wave period
* Wave run-up
Significant wave height with return period T
Notational permeability, <f. Figure VI-5-11

Values of a, b, ¢ & d coefficients.

[ ‘exceedence Prob. %) b
0.1 . 1.34
117
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(2) Average Overtopping Discharge Formulas. Formulae for overtopping are empirical -
because they are fitted to hydraulic model test results for specific breakwater geometries. In general
the average overtopping discharge per unit length of structure, ¢, is a function of the standard
parameters;

q =ﬁmction (Hs’ I;P’ o, ﬁa Rca h:: &, structure geamet.ry)

H, - significant wave height

T,, - wave period associated with the spectral peak in deep water (alternately 7,,)
o - spreading of short crested waves

B - angle of incidence for the waves

R, - freeboard

h, - water depth in front of structure
g - gravitational acceleration

Two types of mathematical formulatons (models) for dimensionless overtopping dominate the
literature, i.c., -

Q=a Pl ' (VI-5-20)

and

Q=aR” (VI-5-21)

»

where Q is a dimensionless average discharge per meter and R is a dimensionless freeboard. Table
VI.5-7 gives an overview of the models used in recent overtopping formulae along with the associated
definitions for dimensionless discharge and freeboard,

The fitted coefficients @ and & in Eqns. VI-5-20 and VI-5-21 are specific to the front geometry of the
structure and must be given in tables. So far no general model for the influence of front geometry
exists except for rubble mound slopes with a seawall (Pedersen 1996), in which case the front
geometry (described by the front berm width B, berm crest height A, , and slope angle a), as well as
R,, enters into R.

Some formulae take into account the reduction in overtopping due to slope surface roughness, berm,
shallow ‘water, angle of wave incidence and shortcrestedness, and specific front geometries by dividing
R by the respective reduction coefficients: 7. (Table VI-5-3}, v, (Eqn. VI-5-8), y; (Eqn. VI-5-10), Ye
(Equs. VI-5-11, VI-5-26, VI-5-29), and y, (Table VI-5-13).

Goda (1985) presented diagrams for wave overtopping of vertical revetments and block mound
seawalls on bottom slopes of 1:10 and 1:30. The diagrams are based on model tests with irregular
long-crested head-on waves and express average discharge per meter width as a function of wave
height, wave steepness, freeboard, and water depth.

SECOND DRAFT, May 2000 o ' ' VI-5-25
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(@) Sloping Structures. Tables VI-5-8 to VI-5-12 pertain to sloping-front structures.

{ TABLE VI-5-8
! Overtopping Formula by Owen (1980, 1982).

Straight and bermed impermeable slopes, Figures VI-5-14 g and 5.

Irregular, head—on waves.
g Re f[Sem 1
———— = exp (— —=yf— -—) —-5-22
gH:Tom H, ¥V 27 (Vi )
Coefficients ir Eqn. VI-5-22 Coefficients in Eqn. VI-5-22
Straight smooth slopes. Bermed smooth slopes.
Non-depth limited waves, Non-depth limited waves.
Slope a b Slope A {m) B(m) a10° b
1:1 0.008 20 1:1 —40 10 64 20
1:1.5 0.010 20 1:2 - 81 22
1:2 0.013 22 1:4 145 41
i fi g‘g;g 2.?. 1:1 —20 5 34 17
: ) 1:2 a8 24
1:4 159 47
) 1:1 20 10 48 15
1:2 68 24
Surface roughness reduction 1:4 86 46
factor «,. .
Updated +,~valnes are given i : ; —20 20 82‘: ;‘:
) in Table VI-5-3. 1:4 85 50
Smooth impermeable 1.0 1:1 ~2.0 40 38 2
(including smooth 1:2 50 25
concrete and asphalt) 1:4 47 51
One layer of stone 0.8 1:1 -1.0 5 155 33
rubble on imperme- 1:2 199 37
_ able base 1:4 500 70
Gravel, gabion mattresses 0.7 1:1 -1.0 10 a3 39
Rock rip-rap with 1.2 e
hick :
than 2 D3 0.5-06 1:1 =10 20 ™ 46
1:2 3 50
1:4 39 62
) 1:1  —10 40 12 49
1:2 24 6
1:4 i 15 63
1:1 it 10 97 42
1:2 20 57
1:4 300 80

SECOND DRAFT, May 2000 VI-5-27
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TABLE VI-5-11 -
Overtopping Formula by van der Meer and Janssen (1995)

Stra.ight and bermed impermeable slopes including influence of surface roughness, shallow
foreshore, oblique, and short crested waves, Figures VI-5-14a and VI-5-14b.

£op < 2

-2 _ 1/--s:'i’—— = 0.06 ez (—5 o Be V3o 1 VI—5—24
Vg H} V tanax P H; tana %1% 7 Y8 ) ( ) .‘
RC 1/3@ 1 '

—_ <2 .
H, tana ¥ % YhY8 .

Uncertainty: Standard deviation of factor 5.2 is o = 0.55 (See Figure VI-5-15).

application range: 0.3 <

q R, 1 ' |
=0.2 —2.6 =% VI-5-25

9 Hj wp( H, 'Yr'fb"fh'm) ( ) ,
Uncertainty: Standard deviation of factor 2.6 is o = 0.35 {See Figure VI-5-15).
The reduction factors references are

~- Table VI-5-3

vw Eqn. VI-5-8

v Eqn. VI-5-10

Short crested waves )

46 =1—0.00338

Long crested waves (swell) Y (VI-5-26) |
1.0 for 0° < B < 10° |

yp =< cos?(8—10°) for 10°< B <50°
0.6 for 8> 50° )

The minimum value of any combination of the ~-factors is 0.5.

VI-530 SECOND DRAFT, May 2000
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Figure VI-5-15 shows the data basis for Eqns. VI-5-24 and VI-5-25 which includes the data of Owen
(1980, 1982) for straight slopes, data of Fiihrboter, et al. (1989) and various data sets of Delft
Hydraulics. It is seen that Eqn. VI-5-24 contains some bias for small values of q.

0L
102
103
10 .
10 J

10

1024

709 ]

16

10° 4

104

Figure VI-5-15. Wave overtopping data as basis for Equs. VI-5-24 and VI-5-25. Fitted mean
and 95% confidence bands. van der Meer and Janssen (1995).
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(3) Overtopping Volumes of Individual Waves. The average overtopping discharge g provides
no information about the discharge intensity of the individual overtopping waves. However, such
information is important because most damaging impacts on persons, vehicles, and structures are
caused by overtopping of large single waves. The overtopping volume per wave has been recorded in
model tests and it was found that the probability distribution function for overtopping volume per
wave per unit width (V m®/m) follows a Weibull distribution as given in Eqn. VI-5-30 (Franco, et al.
1994; van der Meer and Jansson 1995).

v ¥
prob (v>V) = exp |- [.E ] (V1-5-30)
or

V = B (-nfprob(v > N1)* (V1-5-31)

with

T g

B =084 ?“— (VI-5-32)

and

prob(v > V) - probability of individual wave overtopping volume per unit width, v,
being larger than the specified overtopping volume per unit width, ¥V
T,, - average wave period (in units of seconds)
q - average overtopping discharge per unit width (in units of m’fs per m)
P,,, - probability of overtopping per incoming wave {= N,,,/ N, ]

N,, - number of overtopping waves
N, - number of incoming waves

If the runup levels follow a Rayleigh distribution, the probability of overtopping per incoming wave
can be estimated as

PW =exp| - .........E_ : (VI-5'33)
where
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For sloping structure, irregular waves:
‘c=0.81 qurykyu with a maximum of t:=1.621‘r’.7ﬂ,',.1rﬂ

For vertical wall structure, irregular, impermeable,
long-crested, nonbreaking, head-on w‘gégs: € (V1-5-34)

c =091

and

R, - structure crest height relative to still water level
H, - significant wave height

A first estimate of the maximum overtopping volume per unit width produced by one wave out of the
total number of overtopping waves can be calculated using the expression ;

v =B (n Nw)"‘“ (VI-5-35)
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(5) Practical Formulae for Hydraulic Stability of Armor Layers. Formulae for hydraulic
stability of armor layers are almost exclusively based on small scale model tests. Large scale model
tests for verification of small scale model test results have been performed in few cases. Adjustment
of formulae due to prototype experience seems not to be reported in the literature.

Generally small scale hydraulic tests of armor layer stability are assumed to be conservative if any bias

is present. Nevertheless, armor stability formulae should be applied only for conceptual design, and
the uncertainty of the formulae should be considered. When the formulae do not cover the actual
range of structure geometries and sea states, preliminary designs should be model tested before actual
construction. Major structures should always be tested in a physical model.

Below are some of the factors by which armor stability formulae can be classified:
o Type of armor unit -
o Deep or shallow water wave conditions
o Armor layers crest level relative to wave run-up and still water level
o Structures with and without superstructure

Type of armor unit distinguishes between rock armor, for which shape and grading must be defined,
and uni-size concrete armor units.

Deep water conditions correspond to Rayleigh distributed wave height at the structure, i.c., depth-
limited wave breaking does not take place. Shallow water conditions correspond to non-Rayleigh
distributed wave heights at the structure, i.c., depth limitations cause wave breaking in front of, or in
“the worst case, directly upon the structure.

Overtopping affects the armor stability. When the crest is lower than the nn-up level, wave energy
can pass over the structure. Thus, the size of the front slope armor can be reduced while the size of
the crest and rear slope armor must be increased compared to nonovertopped structures. With respect
to armor stability it is common to distinguish between

o Non-overtopped or marginaily oveértopped structures

o Low-crested structures, i.e., overtopped structures but with crest level above still water level

o Submerged structures, i.e., the crest level is below still water ievel
The remainder of this section presents armor layer stability formulae for use in dwgmng coastal
structures. These stability formulae can be used in the context of reliability based design using the
partial safety factors given in the tables of Chapter VI-6-6 (Partial Safety Factor System for )
Implementing Reliability in Design). Guidance for designing structure cross-sections is given in

Section VI-5-3-¢ (Design of Structure Cross-Section), and complete design examples for specific
structure types are given in Chapter VI-7 (Design of Specific Project Elements).
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(a) Structure Trunk Stability. Stability formulae for front slope armor on structure trunks are
presented in tables as outlined below: '

Armor Unit ~ Non-Overtopped Overtopped Submerged

Rock Tables VI-5-22/23 Tables VI-5-24/26 Tables V1-5-25/26
Concrete Cubes Table VI-5-29

Tetrapods  Table VI5-30

Dolosse Table VI-5-31

ACCROPODES ® Tables V1-5-32/33

CORE-LOC® Table VI-5-34

Tribars Table VI-5-36

Information on rear side armor stability is given in Table VI-5-28. A formula for stability of reef
breakwater is presented in Table VI-5-34. A formula for stability of armor in front of a vertical wall
is presented in Table VI-5-35. Rubble-mound structure head stability is given in Tables VI-5-37/38.

Parapet walls ire placed on top of rubble mound structures in order to reduce overtopping by
deflecting the uprushing waves back into the sea. This generally reduces the front slope armor
stability. A low wall behind a wide front armor berm will hardly affect the armor stability (see Figure
VI-5-36a). On the other hand a high wall with a relatively deep foundation situated behind a narrow
front armor berm will significantly reduce the armor stability (see Figure VI-5-36b).

8) Design whera superstiucture hardly alfects ammor stability b} Dasign where superstructure affects armor stability

Figure VI-5-36. Illustration of superstructure designs causing insignificant and significant
reduction in front slope armor stability.

No generally applicable formulae are available for reduction in front slope armor stability caused by
parapet walls. ’
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METRIC

HUDSON({1974) SPM{1984) ARMOUR LAYER STABILITY
Vol H,Eqn(7-116) Rubble-Mound Structures and Non-Overtopped Slopes
(Metric Systemn)
Enfer initial conditions Enter Data Units
Quarrystone,rough angular [Wave Height Hs= meters
n=2 layers,random placement Rho forrock = 2650 kg/m*3
Structure Trunk Gravity = 9.81 misec'2
Nonbreaking waves Kd=4.0 Rho for water = 1000  kg/m*3
Breaking waves  Kd=2.0 Kd coefficient = 2.0
Cot a=1.5t0 5.0 Sr = 265
No damage criteria (0-5%)
H=Hs,sign.wave ht. H=H one-tenth Formula
SLOPE DIAMETER REl DIAMETER
COT Alpha KN meter KN meter WEIGHT= {Rho-rock*g)*H"3)
1.5 18440.3 0.907674 39821.19 1.152581 Kd*(Sr~1)“5*Cot(Alpha)
2.0 14580.23 0.824677 29865.89 1.04729
25 11664.18 0.765563 23892.71 0.97229
3.0 9720,152 0.720423 19910.59 0.915015
4.0 7290.114 0.654548 14932.95 0.831426
5.0 5832.091 0.607629 11948.36 0.771885
75.3 } Page 1
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VAN DER MEER(1988) CEM(2000)
Table VI-5-23

Eqn VI-5-68 Plunging Waves
Enter initiaf conditions

Quarry stone,rough angular

n=2 layers, random placement
Structure Trunk

COT alpha=1.51t05.0 :
Damage conditions specified by S

Remarks: Eta must be less than Eta critical

Hs,Significant Wave Height

SLOPE SURF PRA DIAMETER RUEISHR

COT alpha Eta meters
1.5 3.7682228 1.3181
2.0 2.8261671 1.1415
25 22609337  1.021
3.0 1.8841114  0.932
4.0 1.4130835 0.8072
5.0 1.1304668  0.722

KN

§9533.3

38667.2
27668.9
21045.7
13672.8
9784.2

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Non-Overtopping Slopes

(Metric System)

Enter Data

|Wave Height, Hs

Rho for rock
Gravity

Rho for water
Delta = Sr-1
Gamma Z
Gamma H

critical
4.541961 OK
3.57378 OK
2.967355 OK
2.54909 OK
2.005716 OK
1.665372 OK

Eta REMARKS

2650
9.81

1000
1.65
1.00
1.00

Units

Additional Data

meters Nominal Damage,S = 2.0

Kg/m*3 Permeability,P =
misect2 No. of Waves, Nz = 7500
Kg/m*3 Wave Period,Tm =

1.15

1.28
1.40
1.62
1.81

0.1

6.65
Calculated Information
Wave Length,Lom ='  69.05
Steepness,Som = 0.0313
Peak period,Tp = - 8.01325

Storm duration,t = 13.85

Units

Units
meet

sec
hrs




- |‘'Table VI-5-22 =
Rock, two-layer armored non-overtopped slopes (Hudson 1974).

Irregular, head-on waves

o (Kp cota)’® o Msp= 2 B {(VI-5-67)
ADnso Kp (2 —1) cota
where H Characteristic wave height (H, or Hy10)
Dyso Equivalent cube length of median rock
Mo Medinm mass of rocks, Mso = paDasg
Pa Mass density of rocks
Pw Mass density of water
A (pafe) —1
a Slope angle
Kp Stability coefficient -
Kp-values by SPM 1977, H = H,, for slope angles 1.5 < cota < 3.0. (Based entirely on regular wave tests.)
Stone shape Placement Damage, DW
0-5% 5-10% 10-15%
) Breaking Non-breaking | Non-breaking | Non-breaking
waves 1) - waves @) waves waves
Smooth, rounded | Random 21 24 3.0 3.6
Rough angular Random 3.5 4.0 49 6.6
Rough angular Special ®) 4.8 5.5
Kp-values by SPM 198‘, H= Hl‘“g.
Stone shape Placement Damage, D Y} = 0-5%
Breaking waves () | Non-breaking waves (2
Smocth rounded ([ Random 1.2 24
] Rough angular Random 2.0 40
Rough angular | Special & 5.8 7.0

() Bresking waves means depth.limited waves, Le., wave bresking takes place in fromt of the
armor slope. {Critical case for shallow-water structures.)
(3 No depth-limited wave breaking takes place in front of the armor slope.

) Special placement with long axis of stone placed perpendicular to the slope face.

“ D is defined according to SPM 1984 as follows: The percent damage is based on the volume
of armor urits displaced from the breakwater zone of active armor unit removal for a specific
wave height. This zone extends from the middie of the breakwater crest down the seaward
face to a depth equivalent to the wave height causing zero damage below still water level

SPM 1877 vs. SPM 1984: When considering that H, 0 = 1.27H, for Rayleigh distributed wave heights
{non-depth-limited waves) it is seen that the recommendations of SPM 1484
introduce a considerable safety factor compared to the practice based on SPM
1977.

Uncertainty of the formula: The coefficient of variation of Eqn. VI-5-57 is estimated to be 18% by van der
- Meer (1988). Melby and Mlaker (1957) reported a coefficient of variation for
Kp of 25% for stone and 20% for dolosse.
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u Table VI-5-23

Rock, two-layer armored non-overtopped slopes (van der Meer 1988)

Irregular, head-on waves

H,

ADne

A,

ADyz

where H, -
Dinso
Ps
Puw
A
S
P
N,
a
Sm
Lom

Validity:

= 6.2 - §0-2 pO-18 pr—0.1 g=0.5 Plunging waves : &m < €me (VI-5—68)

=10 502 p-013 N~0{cot 0)0:5 €8 Surging waves : &m > §me (VI-5—69)

Em = 80 tana Eme = (6.2P°3 (tana)®*) HELs
Significant wave height in front of breakwater

Equivalent cube length of median rock

Mass density of rocks

Mass density of water

(ps/puw) — 1 }

Relative eroded area (see Table VI-5-21 for nominal values)
Notional permeability (see Figure VI-5-11)

Number of waves

Slope angle

Wave steepness, $;m = Hy/Tiom

Deepwater wave length corresponding to mean wave period

1) Equations VI-5-68 and VI-5-69 are valid for non-depth-limited waves. For
depth-limited waves H, is replaced by Hpg /1.4.

2) For cot a > 4.0 only Eqn VI-5-68 should be used.
3) N, < 17,500 after which number equilibrium damage is more or less reached.
4 01<P<06 , 0.005<s,<006, 2.0¢tonne/m® < p< 3.1 tonnefm?

5}  For the 8 tests run with depth-limited waves, breaking conditions were
limited to spilling breakers which are not as damaging as plunging breakers.
Therefore, Eqns. VI-5-68 and VE-5-69 may not be conservative in some
breaking wave conditions.

Uncertainty of the formula: The coefficient of variation on the factor 6.2 in Eqn.

VI-5-68 and on the factor 1.0 in Eqn. VI-5-69 are es-
timated to be 6.5% and 8%, respectively.

Test program';‘ See Table VI-5-4.

SECOND DRAFT, May 2000

VI-5-73



| Ip. e Baseo

50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22141

®

SXAMPLE PrROBLEM T -7-!1i

EING - L The dez; i wave P"G’-Jui Tor & S'&‘Zwlz Ui .«m -;""-*'c' Sreor
srone plactd on aw wrpﬁrm.ea,bz.e re et et Sispe  wWili, viovi-
oOVée to,, V‘r.,q Wt g, ) ' , .
z. STUU-Ii et eu&lu"'wv; 0% szw wv-wé' Staa Ty {4905 nelau
svedn factove qc ar(z;,(a,'z:@,\ (v _,o cie ”c/ wWauL f'Jefde’ Sun g
'teaJ S.L'a:h./ *1(.(,19;\ -br de.sfc}h

&

-

GIVEN © Tn the ol 19¢0s, The Cires u-f,eaké E::y o Jac e (/Cwl" J
loands { {cee E, -7- X’I) were tonstrodid with tew ton { Sunn‘s)
Arvor $TORLS erla Z: shoype (sinsle [4)764'} as & rwy{_,ym{ Ly Storis,
Dm‘&cum 1r——|a XI-T-X7 (s o croti—gection or Tl wa—ir i &S!Gr
Y Yo lamd . The CEET rfv&fmrﬁ? have baw;
M w‘g/a{} ._.MLQ SUVWV&J e &rwl Vso:ﬁ'fé *rgx o d Gk cang
2yenlt

Dn Octobes 21 1991 the 'FZWKOUS Hd.“ow(w v, cdused
i

Severe ar 'ﬁ\.e m&ﬁM \ Thic slovu hee beem Fres ..oL-Jei
of « mﬂ wove( “The Perfect S‘favw' JWiﬁGf 1457 and o i
Holly weod miovie ? The Stovu of bhe Contiry A8 H/J:’O’ z‘éh«. Suheys |
delerimmed the ectent of da/mé?e_ as dca.aum:d v Exanple Bioblin
Yi-1-iz. . _

Waue tondiTione Wwwrea ot T CN; 25’ Field Cescawty
rac:; f[—y,F) loceed G5 wnles SovTh m gtm vller de.rm were
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VAN DER MEER(1988) CEM(2000)
Table VI-5-23

Eqn VI1-5-69 Surging Waves

Enter initial conditions

ARMOUR ILAYER STABILITY
Rubble-Mound Structures and Non-Overtopping Slopes
(English System)

Enter Data Units Additional Data

Quarry stone,rough angular

[Wave Height Hs

It

feet Nominal Damage,S = 2.0

n=2 layers, random placement

Structure Trunk

COT alpha=1.561t05.0 .

Damage conditions specified by S

Remarks: Eta must be greater than Eta critical

Hs,Significant Wave Height
SLOPE SURF PRA DIAMETER

COT alpha Eta feet Ibs
1.5 8.9893 5.564 28487.87
20 8.742 4,959 20168.84
2.5 5.3938 4.535 15425.19
3.0 4.4947 4216 12383.69
4.0 3.371 3.758 8777.46

5.0 Use Plunging Waves Equation

Rho for rock = 5141  slugs/ft*3 Permeability,P = 0.1
Gravity = 3217 ft/secr2 No.of WavesNz = 2360
Rho for water = 2.0 slugs/ft*3 Wave Period, Tm = 18.3
Deita = Sr-1 = 1.5705
Gamma Z = 1.00 Calculated Iinformation
Gamma H = 1.00 Wave Length,Lom =" 1714.64
Steepness,Som = 0.0055
Peak period, Tp e 22.0515
Storm duration, t = 11.997
Eta REMARKS
critical
4542 OK .
3.5738 OK 1.22
29674 OK 1.33
25491 OK 1.43
20057 OK 1.81

Units

sec

Units
feet

sec
hrs
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N Table Vi-6-4

-|| Partial safety factors:for stability failure of rock armor. Hudson formula. Design without model
tesis. -

Design equation (cf. Table VI-5-22)

G = %ADR(KD ot )3 — g BT (VI-6—43)
Z

ory. =0.05 | oy, =0.2
Pr iyg| vz | vz
0.01 | 1.7 1.04 2.0 1.00
100514 1.06 16| 1.02
0101 1.3 1.4 14| 1.06
020412 1.02 1.3 1.00
0.40 1] 1.0 1.08 1.1} 1.00

h—mm_m*"“_%“m__

[t

H Table VI-6-§

Partial safety factors for stability failure of rock armor. Plunging waves. Van der Meer formula.
Design without model tests.

B
Design equation (cf. Table VI-5-23)

G = 6.2 892 P18 AD, (5t @)1 (350 R0 — e BT (VI-6—44)
z )
where the factor f models the effect of low crested breakwaters:

je 1
1.25 — 4_.8—1% dom

g = 0.05 | Opg. = 0.2
Pt | ru Yz Y2 | 7z
001116 1.04 1.9 1.00
005114 1.02 1.5 1.06
010113 1.00 1.3} 1.10
020 ] 1.2 1.00- 1.2} 1.06
0401 1.0 1.08 1.0 1.10

FIRST DRAFT, Oct 1995 . : VI1-6-35

bb



Table VI-6-6 a
Partial safety factors for stability failure of rock armor. Surging waves. Van der Meer formula.
Design without model tests.

Design equation {(cf. Table VI-5-23) ll

G= %,,3“ 2 P01 A Dy f (et )O3 P)(30) 0P ROV —qg AT (VI-6-45)

where

i = -

1.25 — 4805/ 4

Torz. =005 | Oppg. = 0.2
Prlye| vz |yl 7z
001} 17 1.00 1.9 102
0.05 | 1.3 1.10 16 1.00
010} 1.3 1.02 14 1.4
020 1.1 1.10 1.2 1.08
040 | 1.0 1.08 i1 1.00

Table VI-6-7

Partial safety factors for stability failure of cube block armor. Van der Meer formula. Desiga
without model tests.

Design equation (cf. Table VI-5-29)

1 (A“rod)ﬂ.'i . N=01R A T
G=— {672 _ 110 1AD, ~ygh
1z ( (F,)02 (8om) T THES

a.’FHq = 0.05 G’FH¢ =0.2
Prlyg| vz |v8| 72
00115 110 |1.8]| 1.04
00513 1.08 |15]| 104
.10 | 1.3 1.00 (14 1.02
020}12)| 1.00 |12]| 1.06
040 11.01- 1.08 (1.0} 1.10

VI-6-36 : FIRST DRAFT, Oct 1999
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VAN DER MEER(1988) CEM(2000)
Table VI-6-5

Eqn VI-6-44 Plunging Waves
Enter initial conditions

Quarry stone,rough angular

n=2 layers, random placement
Structure Trunk

COT alpha=1.5t0 5.0 :
Damage conditions specified by 8

Remarks: Eta must be less than Eta critical

Hs,Significant Wave Height
SLOPE SURF PRA Rel Dam
COT alpha Eta Zerc=2.0
1.5 3.738481 7.0658 3.5329
2.0 2,8038608  3.442 1.721
25 22430886 1.9703  0.98515
3.0 1.8682405  1.2491 0.82455
4.0 14019304 . 06085  0.30425
5.0 11215443 03483 017415

Enter Data

[Wave Height Hs

Rho for rock
Gravity

Rho for water
Delta = Sr-1
Gamma Z
Gamma H

(U L TR |

Eta REMARKS
critical
4541961 OK
3.57378 OK
2.967355 OK
2.54909 OK
2.005716 OK
1.665372 OK

2650
9.81
1000
1.65
1.00
1.00

Rubble-Mound Structures and Non-Ov
{Metric System)

Units

ertopping Slopes

Additional Data

Units

meters Nominal Diameter,Dn= | meters
Kn/m*3 Permeability,P =
misec?’2 No. of Waves Nz =
Kn/m*3 Wave PeriodTm =

0.1

7500

6.6

Calcuiated Information

Wave Length,Lom =
Steepness,Som =
Peak period, Tp =
Storm duration,t =
Partial Safety Factors

68.01
0.0318
7.953
13.76

sec

Units

meters -

sec
hrs

Sigma Waves = 0.5

Sigma Waves = 0.2

Pf Gamma H |Gamma Z|Gamma H|Gamma Z
0.01 1.6 1.04 19 1.00
0.05 14 1.02 1.5 1.06
0.10 1.3 1.00 1.3 1.10
0.20 1.2 1.00 1.2 1.06
0.40 1.0 1.08 1.0 1.10
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VAN DER MEER(1988) CEM(2000) ARIOTR LAYER DARIAGE

Table VI-6-5 Rubble-Mound Structures and Non-Overtopping Slopes
Eqn VI-6-44 Plunging Waves (Metric System)
Enter initial conditions Enter Data Units  Additional Data , Units
Quarry stone,rough angutar [Wave HeightHs = [ORPIOMR meters Nominal Diameter,Dn= B ot
n=2 layers, random ptacement Rho for rock = 2650 Kn/m*3 Permeability,P" = 0.1
Structure Trunk Gravity = 9.81 mfsec’2 No. of Waves,Nz = 7500 B
COT alpha = 1.5t0 5.0 : Rho for water = 1000 Kn/m*3 ‘Wave Period,Tm = 66 - sec’
Damage conditions specified by S Delta = Sr-1 = 1.65 ' ‘
: _ Gamma Z = 1.00 Calculated Information Units
Gamma H = 1.00 Wave Lengthlom = 68.01  meters
Remarks: Eta must be less than Eta critical Steepness,Som = 0.0368
Peak period, Tp = 7.953 sec
Hs,Significant Wave Height Storm duration,t = 13.75 hrs
SLOPE SURF PRA Rel Dam Eta REMARKS Partial Safety Factors
COTalpha Eta Zero=2.0 critical : _ Sigma Waves = 0.5  |Sigma Waves = 0.2
1.5 3.4752402 122268 6.1134 4541961 OK Pf Gamma H | Gamma Z|{Gamma H|Gamma Z
2.0 2.6064302 5.9562 2.9781 3.67378 OK : 0.01 1.6 1.04 1.9 1.00
25 2.0851441  3.4095 1.70475 2.967355 OK 0.05 - 1.4 . 1.02 15 | 1.06
3.0 1.7376201 21614 1.0807 2.54909 OK 0.10 1.3 1.00 1.3 1.10
4.0 1.3032181 1.0529 0.52645 2.005716 OK 0.20 1.2 1.00 1.2 1.06
5.0 1.0425721 0.6027 0.30135 1.665372 OK 0.40 1.0 1.08 1.0 1.10
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VAN DER MEER(1988) CEM(2000)
Table VI-6-6

Eqn VI-6-45 Surging Waves

Enter initial conditions

Quarry stone,rough angular

n=2 {ayers, random placement
Structure Trunk

COT alpha=1510 5.0 ;
Damage conditions specified by S

Remarks: Eta must be greater than Eta critical

Hs,Significant Wave Height
SLOPE SURF PRA Rel Dam

COT alpha Eta Zero=2.0
1.5 8.0893 3.587 1.7935
2.0 8.742 2.018 1.009
25 5.3938 1.291 0.6455
3.0 4.4947 0.897 0.4485
4.0 3.371 0.504 0.252

5.0  Use Plunging Waves Equation

ARMOUR LAYER STABILITY

{English System)

Enter Data Units  Additional Data Units
|lNave HeightHs = M feet  Nominal Diameter,Dn= feet
Rho for rock = 5141  slugs/ftr3 Permeability,P = 0.1
Gravity = 3217  ft/sec*2 No.of Waves Nz = 2360
Rho for water = 20 slugs/ft*3 Wave Period,Tm = 18.3 sec
Delta = Sr-1 = 1.5705
Gamma Z = 1.00 Calculated Information Units
Gamma H = 1.00 Wave Length,Lom =" 1714.64 feet
Steepness,Som = 0.0055
Peak period, Tp = 22.0515 sec
Storm duration, t = 11,997 hrs
Eta REMARKS Partial Safety Factor
critical Sigma Waves = 0.05 |[Sigma Waves=0.2
4542 OK Pf__| GammaH [Gamma Z|Gamma H|Gamma Z
3.5738 OK 0.01 1.7 1.00 1.9 1.02
29674 OK 0.05 - 1.3 1.10 1.8 1.00
25491 OK 0.10 1.3 1.02 1.4 1.04
2.0057 OK 0.20 1.1 1.40 1.2 1.08
0.40 1.0 1.08 1.1 1.00
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VAN DER MEER(1988) CEM(2000)
Table V1-6-6

Eqn VI-6-45 Surging Waves

Enter initial conditions

Quarry stone,rough angular

n=2 layers, random placement

Structure Trunk

COT alpha = 1.5t 5.0 ‘

Damage conditions specified by S

Remarks: Eta must be greater than Eta critical

Hs,Significant Wave Height
SLOPE SURF PRA Rel Dam

COT alpha Eta Zero=2.0
1.5 7.9682 12.253 6.1265
20 5.9761 6.892 3.448
25 4.7809 4411 2.2055
3.0 3.9841 3.063 1.6315
4.0 2.9881 1.723 0.8615
5.0 Use Plunging Waves Equation

ARMOUR LAYE

| {English System)

TABILITY

Enter Data Units  Additional Data Units
[Wave HeightHs = [FOMPAOVER feet  Nominal Diameter,Dn= B e
Rho for rock = 5141  slugs/fi*3 Permeability,P = 0.1
Gravity = 3217 ftisecr2 No. of Waves,Nz = 2360
Rho for water = 2.0 slugs/ft*3 Wave Period, Tm = 18.3 sec
Delta = Sr-1 = 1.5705
Gamma Z = 1.00 Calculated Information Units
Gamma H = 1.00 Wave Length,lom = 1714.64 feet
Steepness,Som = 0.007
Peak period,Tp = 22.0515 sec
Storm duration,t = 11.997 hrs
Eta REMARKS Partial Safety Factor
critical ' Sigma Waves = 0.05 |Sigma Waves = 0.2
4542 OK —Pf__ | GammaH | Gamma Z|Gamma H[Gamma Z
35738 OK 0.01 1.7 1.00 1.9 1.02
29674 OK 0.05 1.3 1.10 1.6 1.00
2.5491 OK 0.10 1.3 1.02 1.4 1.04
2.0057 OK 0.20 1.1 1.10 1.2 1.08
0.40 1.0 1.08 1.1 1.00
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2 e 1S jours WTh HS = 204t Nowo L/MV"DKL Cxw?c loee
Uowndbe To the Iierwedaty raree Sz 46 (SayS'=5) Br
rock ev CoTK = 2 slopes .

Damage ARMoE STONE WEIGHT Moy Yes
P2 rametir Ne = 2360 , Nz ==2500 S ;

S Tp=2Zac| Tp= 18sec | Tpeldsec | Tp=22iec| 1p =18se | Tp= Hsee

fa 54,236 57656 § 62,1494 el oed 64, 868 | 70,000

3 42,527 45,138 48 76% 47,873 5D, 863 &4, 876

4 25, 794 38,040 | 4,020 40, 23| 42, %03 46, 17%

5 3|, 2t0 33,262 3s, 834 25,225 37, 447 4o, 34

& 2% , 0 29, 813 32, 168 31,589 232, 554 3¢, 207

N 25 592 27,187 29,325 28,7496 30, F5( 33, @0

J

Cused.  Consider reclisiui wone peveods, Tp= 14-225ec for STorine Lomben

v
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| Note bhet usire The Hudson (1477) Formade amd P (1963) ethodeloys
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Lt howr stormn event ] ]

The CBET ITilawd revetivuet Was repured v vet E994(S"-€
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(27) oo Uos) buvw a,L wet{o reanar 12-tS TBwe, N o 5+DM5 Wep < {Z'fm’}
rre allowed,  As demenstratzd above | thus hepasy store wed }Gt/ We =
(2.5 Tons CB‘B% nerease 1n weiqght) 11 on the porder vired but waith
Somne dwww}e, mpw‘fzd/ aalcuﬁv\ v Tt Bl . Al The ':./vac ‘s Lth

Ne PMMSQ(JCJ Fecbovs On The desu:;m
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e)cfmsa.
SUMMARY !
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additional , l‘w»]oov‘t_wt factovs | ort are ot orsidered v The Hudian
Formata L1477 hov i TRt SPM {16484 .

2. Ac shown w. Tobl T ~06-6 = ‘..quv.?-.o'-é"“ <Ur€mr-c Waves

and The vam d&y Meer Li‘tbcﬂ "::rwu_niz-'?tt_ry ot :r'h,cwz @)
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END:  The weight of armor stone placed as « perimeahle  vears here

break water with ovwf'opp{d wave Corditrons

Aaven A pcmmm(,e strvetire (neavshore defaé.fmd:; briee-kug“&rz nac
o slope of lon 2.5 and e subject To a design, Sl rcant
nave heiy bt , e of 2.0 v (6,56 4F) measued ot e gause locied
N a dbp‘fﬂn d=45u (1¢.8 ) Dosign wave ek peLo L Tp=Sse
Design wetie deptih ot The streding o, Oiye = 3.0 (<.s4)

| Sroun Example Problem TT~7-2 4o thest conditiome , Funup, Cuzi 15

2,5-4.5 i abore e SWL, hence Some wa ovarf,‘o)apwﬁ oLCLvs .

SOLUTION " Fromn E)(KI/W-LL Habt&m Yi-7-1 (54@ Q/\Ld,,o Y "7“"9)/ lingar wast
Theory sho% to the ctrechinetee gives

G‘Js){m = Zllnm (704t

assmpTions t (Sew Tubls W& -2z W-5-2¢ ad T-5-25 o convestrond

Ywo - tayer armer stone desieng . Sec adeo Fig . VI -5

Hor notationad \mwdail.‘-{-y coeiciewts

Frech watie . 2o, = 1000 ka/m’3
[Zoeclc ’ s = 265D lég "
.-Two—lw.{e--ts, g% = 2, rewdown ;oﬁacc.w.z/wt

e
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Do,
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M os™tE NG (wt‘a() S7 Suwaim (555

a 4 Gy, | ¢
e L2 (125-4.8 e .ﬁe_\-l ‘T -5-
vhere - i = (L2s-4.8 -\ = (@ -5-7)
T |rvuT<

Note Ghet now, ‘ch.

1< ..,omue/w

DﬂSo a"“d W
The Corse L,W\F?Ze{y) e

(5} J:V\q;uvrub& E=o.1
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SUMMARY .
i- VLQ HudSOn 'fmww«&.. 18 f'ol. aapf;hc»;.«'a(.l *pr AdArt Dued uo;, e NI
I

2. Use the vam dev Meer (451 #orvanba T Do = 41 Daso
o8 tn xEnsun of vam dev Meer (1G6SS).

3. The redoclion foctor by o Hu Vomnge 0.8< . L LO where

fi= 08 ot Re/Ho=0_ w0 frec bosrd

ored f1 = o et EeSw'oopsz Lt

H’s\; 2t
4 Ak et 8 2o Frea bosd fi=0
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bl below
(Re/th)nox Vedves o lind = 0052

He. , ' Aper&,[c Pev :odj_ Ty

Vi S S L9 1z 1§ '3 21 |
[.o 0.49 | 098 | L4 Lys | z.4¢ Z.9% | 3.42

2.0 025 0,69 ‘ l.oé .32 .72 2.07 2.472

3.0 b2 . 0.5 | 0.3S L 13 [.&] 69 .97

4.0 1 82k i 049 } 0.73 0.8 22 (47 1.7]

So | D22 04 | 06 0.8% L.09 13 1.52

7.0 p ot 027 0.5S 076 0,92 Ll I 25

oo | 05 3 . 0.4 0.6} 5.1 b.93 1-08

For (Re/iis) values gredter h‘% S The chooue Yoble  non-overtopping condifions prek
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Table VI-5-24
Rock, two-layer armored overtopped, but not submerged, low-crested slopes.

Powell and Allsop (1985) analyzed data by Allsop (1983) and proposed the stability formula

Nog /3 : H, spl (1 Nod)
, a exp [bsp H,/ (ADnso)] o 5 3 A
where values of the empirical coefficients @ and b are given in the table as functions of freeboard
R, and water depth h. N,q and N, are the number of units displaced out of the armor layer
and the total number of armor layer units, respectively.

Values of coefficienis ¢ and b in Eqn. VI-5-70. -
] R./h a-10% b wave steepness H, /L,

0.29 0.07 1.66 <0.03

0.39 0.18 1.58 <0.03
0.57 0.09 1.92 <0.03
0.38 0.59 1.07 >0.03

van der Meer (1991) suggested that the van der Meer stability formulae for non-overtopped rock
slope, Eqns. VI-5-68 and VI1-5-69, be used with Dys5p replaced by fiDnso- The reduction factor
f,‘ is given as

R, [eo\ ! {
fi= (1.25—4.81—{:1/-2%) | (VI-5-171) |

I{ where R, is the freeboard, sop = Hy/Lgp, and Lop is deep water wave length corresponding to
the peak wave period. Limits of Eqn. VI-5-71 are given by

0 < Fe [S= . 052

H, ¥ 2

VI1-5-74 ' : SECOND DRAFT, May 2000
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VAN DER MEER(1991) CEM(2000) ARMOUR LAYER STABILITY

Table VI-5-24 Rubble-Mound Structures and Overtopped,But Not Submerged
Eqn VI-5-71 Overtopped-Plunging {Metric System)
Enter initial conditions Enter Data Units  Additional Data Units
Quarry stone,rough angular [Wave HeightHs = J& B meters Nominal Damage,S = 20
n=2 layers, random placement Rho for rock = 2650 Kn/m?3  Permeability, P = 0.1
Structure Trunk Gravity = 9.81 mfsec’2 No. of Waves Nz = 7500
COT alpha=15t05.0 . . Rho for water = 1000 Kn/m*3 Wave PeriodTm = 6.65 sec
Damage conditions specified by S Delta = Sr-1 = 1.65 Freeboard,Re = 0.000 meters
» Gamma Z = 1.00 Calculated Information Units
Gamma H = 1.00 Wave Length,Lom = 69.05 meters
Remarks: Eta must be less than Eta critical Steepness,Som = 0.03130
Limiting Value < 0.052 Peak pericdTp = 8.01325 sec
Hs,Slgnlficant Wave Helght Storm duration,t = 13.8542 trs
SLOPE SURF PRA DIAMETER Eta REMARKS Peak Steepness,Sop=  0.021545

COT alpha Eta meters KN critical

15 3.7682228 1.0545 304828 4.541961 OK 124  REDUCTIONFACTOR f 0.8 LmT

2.0 28261671 09132 19787.6 3.57378 OK 1.43  Limiting Value = 0 0.052

2.5 22609337 0.8168 14166.6 2967355 OK 1.60 Setfi = 0.8000

3.0 1.8841114  0.7456 107784 2.54909 OK 1.76

4.0 14130835 0.6457 6998.6 2.005716 OK 203

5.0 1.1304668 0.5776 6009.5  1.665372 OK 2.27



VAN DER MEER(1981) CEM(2000) | ARMOUR LAYER STABILITY

Table ViI-5-24 Rubble-Mound Structures and Overtopped,But Not Submerged
Egn VI-5-71 Overtopped-Plunging (Metric System) :
Enter initial conditions Enter Data Units  Additional Data Units
Quarry stone,rough angular Ma"e HeightHs = [ENNlaEd meters Nominal Damage,S = 20 ¢
n=2 layers; random placement Rho for rock = Kn/fm*3 Permeability,P = 0.1
Structure Trunk Gravity = 9.81 mfsect? No. of Waves Nz = 7500
COTalpha=1.51t05.0 ' . Rho for water = 1000 Kn/m*3 Wave Period, Tm = 6.65 sec
Damage conditions specified by S " Delta = Sr-1 = 1.65 Freeboard,Re = 1.920 meters
: - : : Gamma Z = 1.00 Calculated Information Units
: C Gamma H = 1.00 Wave Length,Lom = 69.05 meters
Remarks: Eta must be less than Eta critical Steepness,Som = 0.03130
Limiting Value < 0.052 Peak period, Tp = 8.01325 sec
Hs,Significant Wave Height Storm duration,t =  13.8542 hrs
SLOPE SURF PRA DIAMETER BElclklg] Eta REMARKS ' RS Peak Steepness,Sop= 0.021545

COTalpha  Eta meters KN critical e '

1.5 3.7682228 1.3179 59506.2 4.541961 OK 099 REDUCTIONFACTORT{ 0999846 LIMIT

2.0 2.8261671 1.1413 38646.9 357378 OK - 118  Limiting Value = 0.052051 0.052

25 2.2609337 1.0208 27652.7 2.967355 OK 1.28 Setfi = 09998

3.0 1.8841114 (0.9319 21038.9 2.54909 OK 1.4

40 1.4130835  0.807 13662.7 2.005716 OK 1.62

5.0 1.1304668  0.7218 9776.1 1.665372 OK 1.81




VAN DER MEER(1991) CEM(2000) ARMOUR LAYER STABILITY

Table VI-5-24 Rubble-Mound Structures and Overtopped,But Not Submerged
Eqn VI-5-71 Overtopped-Plunging {Metric System)
Enter initial conditions Enter Data Units  Additional Data Units
Quarry stone, rough angutar [wave Height,Hs = | B meters  Nominal Damage,S = 20
n=2 layers, random placement Rho for rock = 2650 Kn/m*3 Permeability,P = 0.5
Structure Trunk Gravity = 9.81 m/sec”2 No. of Waves Nz = 7500
COTalpha=15t05.0 , Rho for water = 1000 Kn/m*3 Wave PeriodTm = 6.65 sec
Damage conditions specified by S Delta = Sr-1 = 1.65 Freeboard,Rc = 0.000 meters
: Gamma Z = 1.00 Calculated information Units
GammaH = 1.00 Wave Length,Lom = 69.05 meters
Remarks: Eta must be less than Eta critical Steepness,Som = 0.03130
Limiting Value < 0.052 Peak periodTp = 8.01325 sec
Hs,Signliflcant Wave Height Storm duration,t = 13.8542 hrs
SLOPE SURF PRA DIAMETER Eta REMARKS Peak Steepness,Sop=  0.021545

COT alpha Eta metars KN critical

1.6 3.7682228 0.7893 12783.2 4083445 OK 1.66 REDUCTIONFACTOR { 08 LIMIT

2.0 2.8261671 0.6835 8301.0 3.536368 OK 1.92  Limiting Value = 0 0052

25 2.2609337 0.6114 5941.4 3.163023 OK 2.14 Setfi = 0.8000

3.0 1.8841114  0.5581 4519.1 2.887432 OK 2.35

4.0 1.4130835 04833 2934.7 2.500589 OK 2.71

5.0 1.1304668 0.4323 2100.2  2.236595 OK 3.03
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VAN DER MEER(1991) CEM(2000) ARMOUR LAYER STABILITY N

Table VI-5-24 Rubble-Mound Structures and Overtopped, But Not Submerged
Eqn VI-5-71 Overtopped-Plunging {Metric System)
Enter initial conditions Enter Data Units Additional Data Units
Quarry stone,rough angular I'Wave HeightHs = [ meters Nominal Damage,S = 20
=2 layers, randem placement Rho for rock = 2650 Kn/m*3 Permeability, P = 0.5
Structure Trunk Gravity = 9.81 m/sectr? No. of Waves Nz = 7500
COT alpha= 1.5t0 5.0 ) ~ Rho for water = 1000 Kn/m*3 Wave PeriodTm = 6.65 sec
Damage conditions specified by S Delta = Sr-1 = 1.65 Freeboard,Rc = 1.920 meters =
- GammaZ = 1.00 Calculated Information Units .
GammaH = 1.00 Wave LengthLom = 69.05 meters
Remarks: Eta must be less than Eta critical Steepness,Som = 0.03130
Limiting Value < 0.052 Peak period,Tp = 8.01325 sec
Hs,Significant Wave Helght Storm duration,t = 13.8542 hrs
SLOPE SURFPRA DIAMETER B|3&isi Eta REMARKS S Peak Steepness,Sop= 0.021545

COT alpha £ta meters KN critical s

1.5 3.7682228 0.9864 24950.2 4.083445 OK REDUCTIONFACTOR f 0999846 LIMIT

20 2.8261671 0.8543 16208.6 3.536368 OK 1.53  Limiting Value = 0.052051 0.052

25 22609337 0.7641 11597.6 3163023 OK 1.71 Setfi = 09998

3.0 1.8841114 0.6975 8821.6  2.887432 OK 1.88

4.0 1.4130835 0.6041 6731.1 2.500589 OK 217

5.0 1.1304668 0.5403 41003  2.236595 OK 242




The core permeability in Table VI-5-4 refers to the structures shown in details e, ¢ and & of Figure
VI-5-11, taken from van der Meer (1988). The figure provides definition of a notational permeability
parameter P which is used in various formulae by van der Meer to take into account the effect of
permeability on response to wave action. The value P = 0.4 in Figure VI-5-11, detail 5, is not
identified by tests, but instead is an estimated value.

b)

DX =o0s5D¥™

DSR =025D00

c
4 =05  _ppems 7 p=06
Homogeneous
without filter
and core
D2 =030
Figure VI-5-11. Notational permeability coefficients. van der Meer (1988).
SECOND DRAFT, May 2000 _ . VI-5-17
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VAN DER MEER(1991) CEM(2000)
Table Vi-5-25

ARMOUR LAYER STABILITY

Rubble-Mound Structures and Submerged Slopes

Eqn VI-5-72 Submerged Breakwters (Metric System)
Enter initial conditions Enter Data Units  Additional Data Units
Quarry stone,rough angular [Wave Height,Hs = |l B meters  Nominal Damage,S = 2.0
n=2 {ayers, random placement Rho for rock = 2650 Kn/m*3 Water Depth, h = 7.50 meters
Structure Trunk Gravity = 9.81 m/sec?2 Crest Ele. he prime = 5.00 meters
COT alpha = 1.5t0 5.0 : Rho for water = 1000 Kn/m*3 Wave Period, Tm = 6.65 sec
Damage conditions specified by S Delta = Sr-1 = 1.65 Number of Waves = 7500.0
Gamma Z = 1.00 Calculated Information Units
Gamma H = 1.00 Wave Lengthlom = 69.05 meters
Steepness,Som = 0.0313
Peak period, Tp = 8.01325 sec
Hs,Significant Wave Height Storm duration,t = 13.854 hrs
SLOPE Spectral No DIAMETER REMARKS Peak Steepness,Sop=  0.0215
COT alpha N(star)s meters KN Relative Submergence, h/he prim 1.5
1.5 99908 . 0471 2716.3 278 OK
2.0 9.9908 0.471 2716.3 278 OK Notational Permeability,P= 0.5
2.5 9.9908 0.471 2716.3 278 OK
3.0 9.5908 0.471 2716.3 278 OK
4.0 9.9908 0.471 2716.3 278 OK
5.0 9.9908 0.471 2716.3 278 OK



VAN DER MEER(1991) CEM({2000)
Table VI-5-25

Eqn VI-5-72 Submerged Breakwters
Enter initial conditions

Quary stone,rough angular

n=2 layers, random placement
Structure Trunk

COT alpha=15t05.0 ‘
Damage conditions specified by S

Hs,Significant Wave Height
SLOPE Spectral No DIAMETER @=[el 1

COT alpha N(star)s meters
1.5 8.8455 0.532
2.0 8.8455 .532
25 8.8455 0.532
3.0 8.8455 0.532
4.0 8.8455 0.532
5.0 8.8455 0.532

KN
3914.26
3914.26

3914.26
3914.26
3914.26
3914.26

Enter Data

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Submerged Slopes

(Metric System)

[wave Heig

ht,Hs

Rho for roc
Gravity

Rho for water
Delta = Sr-1

Gamma Z
Gamma H

2.46

2.46
2.486
2.46
2.46

K

nnn TR

REMARKS

OK
OK

OK
OK
OK
oK

Units
meters
Kn/m*3

m/sech2
Kn/fm*3

Additional Data Units
Nominal Damage,S = 2.0

Water Depth, h = 7.50 meters
Crest Ele. he prime = 5.00 meters
Wave Period, Tm = 6.65 sec
Number of Waves = 7500.0
Calculated Information Units
Wave Length,Lom =" 69.05 meters
Steepness,Som = 0.0313

Peak period,Tp = 8.01325 sec
Storm duration,t = 13854 hrs
Peak Steepness,Sop=  0.0215

5

Relative Submergence, h/he prim 1.

Notational Permeability,P= 0.1
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VAN DER MEER(1991) CEM(2000) ARMOUR LAYER STABILITY

Table VI-5-25 Rubble-Mound Structures and Submerged Slopes
Eqn VI-5-72 Submerged Breakwters (Metric System)
Enter initial conditions Enter Data Units  Additional Data Units
Quarry stone,rough angutar IEVave Height,Hs = | B8 meters  Nominal Damage,S = 2.0
n=2 layers, random placement Rho for rock = 2650 Kn/m*3 Water Depth, h = 5.01 meters
Structure Trunk Gravity = 9.81 mfsec’2 Crest Ele. hc prime = 5.00 meters
COT alpha=1.5t05.0 Rho for water = 1000 Kn/mA3 Wave Period, Tm = 6.65 sec
Damage conditions specified by S . Delta = Sr-1 = 1.85 Number of Waves = 7500.0
Gamma 2 = 1.00 Calculated Information Units
Gamma H = 1.00 Wave LengthLom = 69.05 meters
Steepness,Som = 0.0313
Peak period, Tp = 8.01325 sec
Hs,Significant Wave Height Storm duration, t =  13.854 hrs
SLOPE Spectral No DIAMETER REMARKS Peak Steepness,Sop=  0.0215
COT alpha N(star)s meters KN Relative Submergence, h/hc prim  1.002
1.5 5.9636 0.789 1276868 166 OK
2.0 5.9636 0.788 12768.68 1.66 OK Notational Permeability,P= 0.1
25 5.9636 0.789 1276868 166 OK
3.0 5.9636 0.789 1276868 166 OK
4.0 5.9636 0.789 1276868 166 OK

5.0 5.9636 0789 1276868 168 OK
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VAN DER MEER(1991) CEM(2000)

Table VI-5-25

Eqn VI-5-72 Submerged Breakwters
Enter initial conditions

Quarry stone,rough angular
n=2 layers, random placement
Structure Trunk

COT alpha=1.5t05.0 ;
Damage conditions specified by S

1.5
20

2.5
3.0
4.0
5.0

7.1089
7.1089

7.1089
7.1089
7.1089
7.1089

Hs,Significant Wave Height
SLOPE Spectral No DIAMETER WEIGHT.: .
COT alpha  N(star)s

meters KN e
0.662 7542.04
0.662 7542.04
0.662 7542.04
0.662 7542.04
0.662 7542.04
0.662 7542.04

Enter Data

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Submerged Slopes

(Metric System)

@ave Height, Hs

Rho for rock

Gravity

Rho for water
Delta = Sr-1

Gamma Z
Gamma H

1.98
1.98

1.98
1.08
1.08
1.98

§ REMARKS

oK

OK

OK
OK
OK
OK

LI IR (A

2650
9.81
1000
1.65
1.00
1.00

Units Additional Data

meters Nominal Damage,S = 20
Knim*3 Water Depth, h = 5.01
m/sec?2 Crest Ele. he prime = 5.00
Knfm*3 Wave Period Tm = 6.65
Number of Waves = 7500.0
Caiculated Information
Wave Length,Lom ='  69.05
Steephess,Som = 0.0313
Peak period, Tp = 8.01325
Storm duration,t = 13.854
Peak Steepness,Sop=  0.0215

Relative Submergence, h/hc prim

Notational Permeability,P=

Units

meters
meters
sec

Units
meters

sec
hrs

1.002

0.5




[ Table Vi-s25
Rock, submerged breakwaters with two-layer armor on front, crest and rear slope (van der Meer

1991).

trreguiar, head-on waves

I
% = (21+0.1 5) exp(~0.14 N?) (VI-5—72)
where h Water depth

kL Height of structure over sea bed level (h— k[ is the water depth over the
structure crest).

S5  Relative eroded area

Ny Spectral stability number, N7 = Eg:;s; 13

Uncertainty of the formula: The uncertainty of Eqn. 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

SECOND DRAFT, May 2000 . ) VI-5-75
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Table VI-5-27 :
Rock, low-crested reef breakwaters built using only one class of stone.

Irregular, head-on waves

Van der Meer (1990)

Trunk cross section of reef breakwater

The equilibrium height of the structure
ke A with a maximum of h; (VI-5-173)
exp (aN;) |
where  A: area of initial cross section of structure
’! 3 water depth at toe of structure

A initial height of structure
: 3
N, = Ag-so‘g?ll :

A B —9_A7
&= —0.028 +0.045 45 + 003452 — 6 x 10~° k-

Data source: Ahrens {(1987), van der Meer (1990)

Powell and Allsop (1985) analyzed data by Ahrens, et al. (1982) and Abrens (1984) and proposed the
stability formula

H _1 lN"") (VI-5-74)

Nog =

-Fa- == a. exp [bH./(ADnso)] or AD50 = 3 ; N,
where va.lué of the empirical coeficients ¢ and b are given in the table as functions of freeboard R,
and water depth k. Nog and N, are the number of displaced rocks and the total number of rocks in
the mound, respectively.

Values of coefficients & and b in Eqn. (VI-5-74).
b

R.fh 2-10%

0.0 15 0.31
0.2 17 0.33
0.4 4.8 0.53

Valid for 0.0012 < H./L, < 0.036
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