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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) into useful

information and tools (lever) by the auplication of the materials present~. 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. This 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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Lo - aTz - (q.sl)(g,z)
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' / --,. '1 -'
o ,
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(2) Surf Similarity Parameter (lrribarren Number). Wave runup and rundown on a structure
depend on the type of wave breaking. Breaker types can be identified by the so-eaIled surf-simiIarity
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

where
a - slope angle
s. - deep water wave steepness [= H.IL.]

H. - deep water wave height
L. - deep water wave length [= gt'/2tr]
T - wave period
g - acceleration due to gravity

(VI-S-I)

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-S-l. The boundaries of transition from one type of breaker to another are approximate.

TABLE VI-S-l
Types of Wave Breaking on Impermeable Slopes and Related (.-Values.

....&--
la

SPlWNG Eo <0.5

PWNGING 0.5 <Eo<S

COllAPSING Eo=3 .. 3.5

SURGING Eo > 3.5

VI-S-6 SECOND DRAFT, May 2000
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For irregular waves the surf-similarity parameter is def"med as

where

H 2rc H.•s =- =--.. L g ~.. •
H 2'1t H.•s =- =--

op L g ~.p p

and

lana:
or

lana:
~op =--

~
(VI-5-2)

(VI-5-3)

H. - significant wave height of incident waves at the toe of the structure
T. - mean wave period
Tp - wave period corresponding to the peak of the wave spectrum

Note that s•• and s.p 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 smfaces
(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 irregular waves having the form (Battjes 1974)

RIdS
H = (A~ +C)yr Yb Y1 Yp

•

where

R..s - mnup 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
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__,_~ m, ' ., • -_.__".....,.,.•

impermeable slope, long-crested head-on waves and Rayleigh-distributed wave heights

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

Y. - re<\uction factor for influence of a berm (Yo = 1 for non-bermed profiles)

Y. - reduction factor for influence of shallow water conditions where the wave height distribution
deviates from the Rayleigh distribution (Y. = I for Rayleigh distributed waves)

itp - factor for influence of angle of incidence Pof the waves (yp =I for head-on long-crested
waves, Le., P= 0"). The influence of directional spreading in short-crested waves is included
in yp as well. -

(a) Smooth Slope, Irregular Long-Crested Head-On Waves. Van Oorschot and d'Angremond
(1968) tested slopes of 1:4 and 1:6 for (.p < 1.2. Ahrens (1981a) investigated slopes between 1:1 and
1:4 for (.p > 1.2. Figure VI-5-3 shows the range of test results and the fit of Eqn. VI-5-3 for R...,;.
Considerable scatter is observed, most probably due to the fact that the runs for (.p > 1.2 contained
only 100-200 waves. The coefficient of variation, 0Ru /if, seems to be approximately 0.15.. -

The significant runup level R.,. = R..J'; depicted in Figure VI·54 does not contain data for (.p < 1.2.
The coefficient of variation appears to be approximately O. I.

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

121086
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Figure VI-5-3. R.2'; for head-on waves on smooth slopes. Data
by Ahrens (1981a) and Van Oorschot and d'Angremond (1968).
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The significant runup level R.,. = R..J'; depicted in Figure VI·54 does not contain data for (.p < 1.2.
The coefficient of variation appears to be approximately O. I.

The coefficients A and C together with estimates of the coefficient of variation for R. are given in
Table VI-5-? It should be noted that data given in Allsop, et aI. (1985) showed mnup levels
considerably smaller than given here.
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Figure VI-5-3. R.2'; for head-on waves on smooth slopes. Data
by Ahrens (1981a) and Van Oorschot and d'Angremond (1968).
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Figure VI-54. R.. for head-on waves on smooth slopes. Data by Ahrens
(1981a).

TABLE VI-S-2
Coefficients in Eqn. VI-S-3 for Runup of Long-Crested

Irregular Waves on Smooth Impermeable Slopes, R,. ,-Limits A C <7"" / R,.

'p ~ 2.5 1.6 0

R.a" " 0.15
2.5 < ,; < 9 -0.2 4.5

'op 'P ~ 2.0 1.35 0
R.. " 0.10

2.0 < 'p < 9 -0.25 3.0
.

Generally less experimental data are available for rundown. Rundown corresponding to ~" from
long-crested irregular waves on a smooth impermeable slope can be estimated from
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In the Dutch publication by Rijkswaterstaat "Slope revetments ofplaced blocks, 1990" the following
expression was given for rundown on a smooth revetment of placed concrete block

Rd2"
-=0.5~ -0.2

H op

•

Another set of runup data for long-erested head-on waves on smooth slopes was presented by de Waal
and van der Moor (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 < (.p
< 3.4, and for the large scale tests 0.6 < (op < 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 defmed by Eqn. VI-5-3.
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Figure VI-5-S. Ru2" for Long-Crested Head-On Waves on Smooth Slopes. From
de Waal and van der Meer (1992).
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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
represented by the expression

j R.a
-={

H
•

I.S E
Of'

3.0

for

for

0.5<C :s2
Of'

2 < E < 3-4
Of'

(VI-5-6)

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-5-5, the uncertainty on Eqa VI-5-6 is
described by de Waal and van der Meer (1992) by assuming the factor I.S as a stochastic variable
with a normal distribution and a coefficient of variation of 0.085.

(i) 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 y,
values taken from de Waal and van der Meer (1992) are valid for I < fop < 3:.4. For larger fop-values
the y, factors will slowly increase to 1.

TABLE VI-S-3
Surface Roughness Reduction Factor y, in Eqn. VI-S-3, Valid for 1 < , •• < 3-4.

Type of Slope Surface y,

Smooth, concrete, asphalt 1.0
Smooth block revetment 1.0
Grass (3 em length) 0.90 - 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 = t, width = b, "height = h)

Quadratic blocks, I = b

bib b/H. area coverage
0.88 0.12 - 0.19 1/9 0.70 - 0.75
0.88 0.12 - 0.24 1(25 0.75 - 0.85
0.44 0.12 - 0.24 1/25 0.85 - 0.95
0.88 0.12 - 0.18 1/25 (above SWL) . 0.85 - 0.95
0.18 0.55 - 1.10 1/4 0.75 - 0.85

Ribs
1.00 0.12 - 0.19 1(15 0.60 - 0.70
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(ii) Influence of a Berm on Runup. A test program at Delft Hydraulics was designed to c1arify
the influence of a horizontal or almost horizontal berm on wave runup. Figure VI-5-6 shows the Iallge
of tested·profiles and sea states.

~--
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Hs (m)

B (m)
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0.10 - 0.20

0.40, 0.60, 1.00

-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 a berm can be taken into account by the
following formulation of the reference Eqn. VI-5-6

R..."
H
•

(VI·5·7)

where '''' is the breaking wave surf similarity parameter based on an equivalent slope (see
Figure VI-5·7). The berm influence factor Y. is defmed as

~<q
y =-=l-r(l-r)

b ~ B dB
op

where

(VI-5-8)

VI-5-12

22.
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lana:

lana
r=l---'~'

B

(VI-5-9)

and the equivalent slope angle a•• and the average slope angle a are defmed in Figure VI-5-7.

--
SWI.

BERM LEVa.- ---- - -r------:".....~--'"

.-~a.q

DEFIN1TlON OFEQUIVALENTSLOPE aeq
(INCI..lJDING BERM)

DEFIN1TlON OFAVERAGESLDPE a
(EXCWDING BERM)

•Figure VI-5-7. Definition of a.. and a in Eqn. VI-5-9.

The influence of the berm can be neglected when the berm horizontal surface is positioned more thanH• .j2 below SWL. If the berm horizontal surface lies higher than dB = H• .j2 above SWL, then thenmup can be set to R.a" = dB if B/H. ~ 2. The berm is most effective when lying at SWL, i.e.,dB = 0•. An optimum berm width B, which corresponds to r. = 0.6, can be determined from theformulae given by Eqns. VI-5-S and VI-5-9.

The use of '''' in Eqn. VI-5-7 is evaluated in Figure VI-5-S on the basis of the test program given inFigure VI-5-6, which implies r. = r. = r p = 1.
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Figure VI-S-S. Evaluation of the use of ',q to account for the

influence of a berm.

(iii) Influence of Shallow Water on Runup. Wave heights in Eqn. VI-So? 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

H
z%

y =
h 1.4 H

s

(VI-S-IO)

where the representative wave heights are specified for the water depth at the toe of the structure

(H2"IH. - 1.4 for Rayleigh distributed wave heights).

(iv) Influence of Angle of Wave Attack on Runup. Both the angie 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-S-9, revealed the variations in the influence factor YfI as

given by Eqn. VI-SolI and depicted in Figure VI-S-IO.
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Figure VI-S-9. Test program for wave runup on smooth slopes. Delft
Hydraulics, de WaaI and van der Meer (1992).
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Figure VI-S-IO. Influence of angle of incidence f3 and directional
spreading on runup on smooth slopes. Delft Hydraulics, de WaaI and
van dec Meer (1992).
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Figure VI-S-9. Test program for wave runup on smooth slopes. Delft
Hydraulics, de WaaI and van der Meer (1992).
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Note that yp-values larger than 1 were obtained for long-crested waves in the range 10° s: fJ s: 300,
and that values very close to 1 were obtained for short-erested waves forfJ up to 50°.

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

Long·crested waves
(mainly swell)

Short-erested waves

~ 1.0
Yp ~ cos(fJ - 10")

~ 0.6

Yp ~ 1 - 0.0022 fJ

for 0° s: fJ s: 100
for 10° < fJ s: 63°
for fJ > 63°

- (VI-5-1I)

(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-54
Test Program, van der Meer (1988).

Slope Grading Spectral Core Relative Number Range Range-
Angle Shape Permeability Mass of Tests
cot a D.. / DIS Density H,/tJr.D.so 5_

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 2.25 PM none 1.63 26 1.24.4 0.004-0.063
3' 1.25 PM none 1.62 21 1.4-2.9 0.006-0.038
4 1.25 PM none 1.62 20 1.2-3.4 0.005-0-059
3 2.25 narrow none 1.63 19 1.0-2.8 0.004-0.054
3 2.25 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

1.5 1.25 PM permeable 1.62 21 1.5-2.6 0.008-0.050
2 1.25 PM homogeneous 1.62 16 1.8-3.2 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 1.4-5.9 0.010-0.046

-

PM Pierson Moskowitz spectrum
* Some tests repeated in Delta Flume

VI-5-16

** Foreshore 1:30
*** Low-erested structure with foreshore 1:30
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The core permeability in Table VI-54 refers to the structures shown in details a, c and d of FigureVI-5oll, taken from van der Meer (1988). The figure provides definition of a notational permeabilityparameter P which is used in various formulae by van der Meer to take into account the effect ofpermeability on response to wave action. The value P = 0.4 in Figure VI-5-l!, detail b, is not
identified by tests, but instead is an estimated value.

a)

c)

P=O.l
"""'"20 nlflJ

Impenneeble

0:; =0.220=

P=O.5

b)

d)

P=OA

P=O.6

O=: =D.SO=
.0:: =02S0:;

Figure VI-S-U. Notational permeability coefficients. van der Meer (1988).
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Figure VI-S-U. Notational permeability coefficients. van der Meer (1988).
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The mnup results from the test program described in Table VI·54 are presented ht Figure VI-5-12.

R2'Yo/HS
Eq. (VI·5 .12)

3.0 ~o 0
0

2.5
8>111

0 0 0 0

x x

2.0 x x x
x x

x xxx x Eq. (VI'5-13)
1.5.

1.0

Eq. (VI-5-12)
o /mpstmeable com. P =0.1
• Permeable core , P =0.5

0 ~...
0 1 2 3 4 5 6 7 8

Ru';Hs

3.0

2.5
Eq. (VI-5·12)

2.0 0""0
~ Sl 0

1.S. • x

1.0 Eq. (VI·5 .13)

0.5 o Impenneable com..P =0.1
x Permsab1s COfB. P =0.5

0 ~...
0 1 2 3 4 5 6 7 8

Figure VI-5-12. 2% and significant mnup of irregular head-on
waves on impermeable and permeable rock slopes. Delft Hydraulics
(1989).

Note that ( •• = tan IX / (Z",H./gT.;J1
/2, where To. is the mean wave period, is used instead of (.r

By using T•• instead of T.p variations in the width of the wave spectrum are taken into account. The
ratio T•• / Top = (•• H.p =0.79 - 0.87 for JONSWAP spectra and 0.71 - 0.82 for Pierson-Moskowitz
spectra.
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(VI-5-12)

The centtal fit to the data for impermeable rock slopes was given by Delft Hydraulics (1989) as

R A ~ for 1.0 < ~ ~ 1.5
.us" ..

H = { B (~)c for ~.. > 1.5. ..
The coefficients A, B and C are given in Table VI-5-5. For impermeable slopes the coefficient of
variation for A, B and C is 7%. Data presented by Ahrens and Heinbaugh (1988a) for maximum
runup on impermeable riprap slopes are in agreement with the data represented by Eqn. VI-5-12.

TABLE VI-S-S
Coefficients in Eqns. VI-S-U and VI-S-13 for Runup ofIrregular

Head-On Waves on Impermeable and Permeable Rock Armored Slopes.

90' A B C n-
0.1 1.12 1.34 0.55 2.58
2.0 0.96 1.17 0.46 _1.97
5 0.86 1.05 0.44 1.68
10 0.77 0.94 0.42 1.45
33 (significant) 0.72 0.88 0.41 1.35
50 (mean) 0.47 0.60 0.34 0.82

, -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 IUDUp heights for smaIl exceedence probability
levels. However, sometimes higher IUDUp 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 IUIllIp, pe.nneable
structures are defined as structures with core materilil 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 IUDUp that is smaller than for an equivalent
structure with an impermeable core.

(a) Rock Armored Slopes, Irregular Long-Crested Head-On Waves. Rock armored permeable
slopes with notational permeability P a 0.5, as shown in detail c of Figure VI-S-ll, 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-l2, and the corresponding equation for the centtal-fit to the data is given by

= A ( ••
R";$/ H. = B «(••f

=D

SECXlND DRAFT. May 2000

for 1.0 < ( •• s 1.5
for 1.5 < ( .. s (DjB)'/C
for -(DjB)'/C s ( •• < 7.5
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(VI-5-14)

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

Equation VI-S-13 is valid for relatively deep water conditions with wave height distributions close to a
Rayleigh distribution. Wave breaking due to depth limitations in front of the structure cause
tr\!I1cation 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 pl'()gram given in Table VI-54 were investigated for the rock armored permeable
slope. However, no systematic deviations from Eqn. VI-5-13 were observed.

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

Prob (R. > Rup',) =exp [_( R-; ) c]

or

where

Rup"
l/C

= B (-In p) (VI-S-1S)

R,q,,, = Runup level exceeded by p %of the runup

B = H [0.4 (s fl/4 (cot a:)-ll'l. .. (VI-S-l6)

for ~.. ~ ~... (plunging waves)

for ~.. > ~.... (surging waves)
(VI-S-l7)
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30

(VI-5-1S)
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P = notational permeability, see Figure VI-5-11.

It follows from Eqn. VI-5-15 that the scale parameter B is equal to RuJ7S (In p = -I for p = 0.37). 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 9% for P ~ 0.4.

Rundown on rock slopes in the Delft Hydraulics test program listed in Table VI-54 gave the following
relationship which includes the effect of structure permeability P (see Figure VI-5-11).

R_ D.15 -<60. )
H =2.1Jtan ex - 1.2 P + 1.5 e -

•

SECOND DRAFT, May 2000
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P = notational permeability, see Figure VI-5-11.

It follows from Eqn. VI-5-15 that the scale parameter B is equal to RuJ7S (In p = -I for p = 0.37). 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 9% for P ~ 0.4.

Rundown on rock slopes in the Delft Hydraulics test program listed in Table VI-54 gave the following
relationship which includes the effect of structure permeability P (see Figure VI-5-11).

R_ D.15 -<60. )
H =2.1Jtan ex - 1.2 P + 1.5 e -
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Table VI-6·18
Panial safety factors for run-up, rock armored slopes. De WaaI and van der Meer (1992). Designwithout model tests.

Design equation

For (m = (cot 0:}-1(8....}-0.5 S 1.5

(VI-6-57)

u'FH = 0.05
P, 'YH 'YZ

0.01 1.7 1.04
0.05 1.4 1.06
0.10 1.3 1.04
0.20 1.2 1.02
0.40 1.0 1.08

u'FH = 0.2
'YH. 'YZ
2.0 1.00
1.6 1.02
1.4 1.06
1.3 1.00
1.1 1.00

G = ~R.. l,-I[cot a (s....}0.5]0 - '"(Hb; (VI-6-58)'"(Z

u'FH -0.05 ,
-0.2UFH

PI 'YH '"(Z 'YH '"(Z
0.01 1.5 1.08 1.8 1.02
0.05 1.3 1.06 1.4 1.10
0.10 1.2 1.06 1.3 1.08
0.20 1.1 1.08 1.2 1.06
0.40 1.0 1.06 1.0 1.10

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

Q Slope angle
.... Wave steepness, H./L..,.
L... Deep water wave length cozresponding to mean wave periodR.. Wave run-up
Hi Significant wave height with return period T
P Notational permeability, cf. Figure VI-a-l1

Values of G, b, c & d coellicients.
exceedence Prob. ('Yo) abo d
0.1 1.12 1.34 0.55 2.58
2 0.96 1.17 0.46 1.97
Significant 0.72 0.88 0.41 1.35
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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, q, is a functiOn of the standard
parameters:

q = jUnction (H, T , 0, ~, R, h, g, structure geometry)
80P c 8

where

significant wave height
wave period associated with the spectral peak in deep water (alternately T.':>
spreading of short crested waves
angle of incidence for the waves
freeboard
water depth in front of structure

g - gravitational acceleration

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

and

Q = a e-lbR)

-b
Q=aR

(VI-5-20)

(Vl-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 reoent overtopping formulae along with the associated
definitions for dimensionless discharge and freeboard.

The fitted coefficients a and b 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 formplae 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: r,(Table VI-5-3), rb (Eqn..VI-5-8), r. (Eqn. VI-5-10), Y"
(Eqns. VI-S-lI, VI-5-26, VI-5-29), and r. (Table VI-5-13).

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

\
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(a) Sloping Structures. Tables VI-S-8 to VI-S-12 pertain to sloping-front structures..

TABLE VI-S-8
Overtopping Formula by Owen (1980, 1982).

Straight and bermed impermeable slopes, Figures VI-5-14 <1 and b.
Irregular, head-on waves.

q (~lfIl) (VI-5-22)-aezp -b- --
gH.Tum - H. 2.,.. 7r

Coefficients in Eqn. VI-&-22 Coefficients in Eqn.. VI-5-22
Straight smooth olopes. Be=ed smooth olopes.
Nem-depth limited wa.... NoJ>odepth limited .........

Slope a b Slope hB (m) B (m) a·lo' b

I

I
1:1 0.008 20 1: 1 --4.0 10 64 20
1: 1.5 0.010 20 1:2 91 22
1:2 0.013 22 1:4 145 41
1:3 0.016 32 1:1 -2.0 5 34 171:4 0.019 47 1:2 98 24

1:4 159 47

1: 1 -2.0 10 48 19
1:2 68 24

Surfa.ce roughness <eductiou 1: 4 86 46
£actor 7•• 1:1 -2.0 20 8.8 15
Updated 7,...-.alues are given
in Tallie VI-&-3. 1:2 20 25

1:4 85 50

Smooth impermeable 1.0 1: 1 -2.0 40 3.8 23
(including smooth 1:2 5.0 26
c:onaete and asphalt) 1 :4 47 51

One layer of stone 0.8 1: 1 -1.0 5 155 33
rubble on imperm~ 1:2 190 37

f able base 1:4 500 70

Glare, gabion mattresses 0.7 1:1 -1.0 10 93 39

Rock rip-rap with
1:2 340 33

tbickness greater
1:4 300 80

than2D..., 0.5 - 0.6 1: 1 -1.0 20 75 46
1:2 34 50

! 1 :4 39 62
, 1: 1 -1.0 40 12 49

I. 1:2 24 56
1:4 1.5 63

! 1:1 0 10 97 42
I 1:2 290 57

1:4 300 80
,
I

,
I
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(VI-5-24)

TABLE VI-S-ll
Overtopping Formula by van der Meer and Janssen (1995)

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

q VSop = 0.06 exp (-5.2 Rc -/sop 1 )Vii1iJ tana H. tana 'Yr'Yb'Yh'Yp

application range: 0.3 < HRc t-/SOP
1 < 2

• ana'Yr'Yb'Yh'Yp •

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

q (Rc 1 )= 0.2exp -2.6 -
..;9 Ht H. 'Yr 'Yb "III. 'YP

(VI-5-25)

Uncertainty: Standard deviation of factor 2.6 is q = 0.35 (See Figure VI-5-15).

The reduction factors references are

'Yr Table VI-5-3

'Yb Eqn. VI-5-8

"III. Eqn. VI-5-l0

Short crested waves

"IP = 1 - 0.0033 {3

Long crested waves (swell)

{

1.0 for 0° < {3 < 10°
'YP = cos2 ({3 - WO) for 10° < {3 $ 50°

0.6 for {3 > 50°

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

VI-5-30

4'2.

(VI-5-26)
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Figure VI-S-lS shows the data basis for Eqns. VI-S-24 and VI-S-25 which includes the data of Owen
(1980, 1982) for straight slopes, data of Fuhrboter, et al. (1989) and various data sets of Delft
Hydraulics. It is seen that Eqn. VI-S-24 contains some bias for small values of q.

q~
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I Figure VI-SolS. Wave overtopping data as basis for Eqns. VI-S-24 and VI-S-2S. Fitted mean

and 9S% confidence bands. van der Meer and Janssen (1995).
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If the runup levels follow a Rayleigh distribution, the probability of overtopping per incoming wave
can be estimated as

(3) Overtopping Volumes of Individual Waves. The average overtopping discharge q 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 m3/m) follows a Weibull distribution as given in Eqn. VI-S-30 (Franco, et aI.
1994; van der Meer and Jansson 1995).

,
I
I
I
I
I
W,
,
I
I
I
I,
I
I,
I
•

prob (v > ~ = exp [- ( ; r4

]

or

v = B (-In[prob(v > ~])4/3

with

Tq..
B = 0.84

P
ow

and

prob(v > Y) - 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 m3/s per m)

Pow - probability of overtopping per incoming wave [= Now/ N.. ]
Now - number of overtopping waves
N.. - number of incoming waves

where

SECOND DRAFT. May 2000
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(VI-S-30)

(VI-S-31)

(VI-S-32)

(VI-5-33)
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For sloping struet1Ue, irregular waves:

c = 0.81 ~ Y Y Y with a nuaim1un of c = 1.62 Y Y Y.
qrAp ,.1: ..

For vertical waH structure, irregular, impermeable,
long-crested, nonbrealdng, head-on waves:

c = 0.91

and

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

(VI-5-34)

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

j

I

J.

j

VI-5-36

v = B (In N )413
DIU trw

4~

(VI-5-35)
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I

a Deep or shallow water wave conditions

a Structures with and without superstructure

Below are some of the factors by which armor stability formulae can be classified:

a Armor layers crest level relative to wave run-up and still water level'

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SECOND DRAFT. May 2000

41

VI-5-70

Overtopping affects the armor stability. When the crest is lower than the run-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

a Submerged structures, i.e., the crest level is below still water level

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

a Non-overtopped or marginally overtopped structures

(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 litelature.

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

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.

a Type of armor unit

The remainder of this section presents armor layer stability formulae Jar use in designing 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-e (Design of Structure Cross-Section), and complete design examples for specific
structure types are given in Chapter VI-7 (Dtsign of Specific Project Elements).

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

•the worst case, directly upon the structure. .

/
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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-S-22/23 Tables VI-S-24/26 Tables VI-S-2S/26

Concrete Cubes Table VI-S-29

Tetrapods Table VI-S-30

Dolosse Table VI-S-31

ACCROPODES • Tables VI-5-32/33

CORE-LOC· Table VI-S-34

Tribars Table VI-S-36

Information on rear side armor stability is given in Table VI-S-28. A formula for stability of reef
breakwater is presented in Table VI-S-34. A formula for stability of armor in front ofa vertical wall
is presented in Table VI-S-3S. Rubble-mound structure head stability is given in Tables VI-S-37/38.

Parapet walls are 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-S-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-S-36b).

Figure VI-S-36. Dlustration 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.

SECOND DRAFf. May 2000 VI-S-7l
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METRIC

WEIGHT= (Rho-rock*g)*HA3)
Kd*(Sr-1 )A3*Cot(Alpha)

Units
meters
kg/mA3
m/secA2
kg/mA3

Formula

Iwave Hclght,Hs- ..
Rho for rock = 2650
Gravity = 9.81
Rho for water = 1000
Kd coefficient = 2.0
Sr = 2.65

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

(Metric System)
Enter Data

HUDSON(1974) SPM(1984)
VollI,Eqn(7-116)

Enter initial conditions
Quarryslone,rough angular
n=2 layers,random placement
Structure Trunk

Nonbreaking waves Kd=4.0
Breaking waves Kd=2.0

Cot a=1.5 to 5.0
No damage criteria (0-5%)

H=Hs,slgn.wave ht. H=H one-tenth
SLOPE I!llmmiIDIAMETER ~DIAMETER

COT Alpha KN meter KN meter
1.5 19440.3 0.907674 39821.19 1.152581
2.0 14580.23 0.824677 29865.89 1.04729
2.5 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 11946.36 0.771885

,.~
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Units
2.0
0.1

7500
6.65 sec

Units
69.05 meet

0.0313
8.01325 sec

13.85 hrs=

Additional Data
Nominal Damage,S =
Permeability,P =
No. of Waves,Nz =
Wave Period,Tm =

Units
meters
Kg/mA3
m/secA2
Kg/mA3

Calculated Information
Wave Length,Lom ='
Steepness,Som =
Peak period,Tp =
Storm duration,t

-0.99
1.15
1.28
1.40
1.62
1.81

REMARKSEta
critical

4.541961 OK
3.57378 OK

2.967355 OK
2.54909 OK

2.005716 OK
1.665372 OK

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

(Metric System)
Enter Data

Iwave Heigllt,Hs .-
Rho for rock = 2650
Gravity = 9.81
Rho for water = 1000
Delta = Sr-1 = 1.65
GammaZ = 1.00
Gamma H = 1.00

Remarks: Eta must be less than Eta critical

Hs,Significant Wave Height
SLOPE SURF PRA DIAMETER~

COT alpha Eta meters KN
1.5 3.7682228 1.3181 59533.3
2.0 2.8261671 1.1415 38667.2
2.5 2.2609337 1.021 27668.9
3.0 1.8841114 0.932 21045.7
4.0 1.4130835 0.8072 13672.8
5.0 1.1304668 0.722 9784.2

VAN DER MEER(1988) CEM(2000)
Table VI-5·23
Eqn VI·5-68 Plunging Waves
Enter initial conditions
Quarry stone,rough angular
n=2 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0 ,
Damage conditions specified by S

l'l
.D
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•
- .-. .TabJe. VI-5-22

Rock; tWo-layer3mlored non-overtopped slopes (Hudson 1974). •

I

I
I

I
I

(VI-5-67)

3.6
6.6

la.15%
Non-breaking

waves
2.1 2.4 3.0
3.5 4.0 4.9
4.8 5.5

or

Random
Random
Special (S)

Characteristic wave height (H. or H",o)
Equivalent cuhe length of median rode
Medium mass of rocks, Mso =P..nsASQ
Mass density of rocks
Mass density of water

(P.jp.) -1
Slope angie
Stability coefficient

where H
D....
Moo
P.
p,.

A
a
KD

Smooth, rounded
Rough angular
Rough angular

Irregular. head-on waves

~.... = (KD cota)'/

KD·.al.... by SPM 1977, H =H., for slope ongles 1.5 :$ cot a < 3.0. (Based entirely on reguJar wave tests.)
Stone shape Placement Damage, D "J

a.5% 5-10%
Breaking Non-breaking Non-breaking
waves (1) . waves (2) waves

KD."alUes by SPM 198'+, H = H'/'o.
Stone shape P1=ent Damage, D "} _ 0-590

Smooth rounded
Rough angnlar
Rongh angn1ar

Random
Random

Special (3)

Breaking waves (')
1.2
2.0
5.8

Non-breaking waves (2)

2.4
U
7.0

1

(1) Breaking waves means depth-limited wa.... i.e., wave breaking tabs place in front of the
armor slope. (CritiC3l C3Se for shallow·water strnctmes.)

(2) No depth.limited wave breaking tabs place in front of the armor slope.

(S) Special p1=ent with long axis of stone placed perpendicular to the slope !Bee.

(4) Dis delined a<:eordingto SPM 1984 as follows: The percent damage is based on the wlnme
of armor Wlits displaced from the breakwater zone of active armor nnit removal for .. specific
wave height. This zone extends from the middle of the breakwater aest down the _
face to .. depth equivalent to the wave height causing zero damage below sti1l water Ietti.

SPM 1977 vs. SPM 1984: When consideriIlg that H",. = 1.27H. far R.ayItigh dlstribnted wave heights
(non-depth-limited waves) it is seen that the recommendations of SPM 1984
im:roduce a considerable sa£etr flu:tor compazed to the practice based on SPM
1977.

Uncertainty of the formula: The coefficient of variation of Equ. VI·~ is "$timated to be 18% by van der
. Moor (1988). Melby and M1alrer (1997) reported a coef6ci_ of~ for

KD of 25% for stone and 20% for dolosse.

/
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Table VI-S-23
Rock, two-layer armored non-overtopped slopes (van der Meer 1988)

I-
Irregular. head-on waves

= 6.2 . SO·, plUS N;O.l ~;.o.. Plunging waves: ~m < ~mc (VI-5-68)

I-
(VI-5-69)

I-
I

I

I

I
•

where H, -

D"so

p,

Pw

!:l

S

P

N.

a

8 m

Lorn

Significant wave height in front of breakwater

Equivalent cube length of median rock

Mass density of rocks

Mass density of water

(p,IPw) -1

Relative eroded area (see Table VI-5-21 for nominal values)

Notional permeability (see Figure VI-5-11)

Numher of waves

Slope angle

Wave steepness, 8 m = H./Lorn

Deep.....ter wave length corresponding to mean wave period

I
•

I

I-
I
oJ

~

I...

I...

I
I
•

Validity:

1) Equations VI-5-68 and VI-5-69 are valid for non-depth-limited waves. For
depth-limited waves H. is replaced by H2'f,,/l.4.

2) For cot a ~ 4.0 only Eqn VI-5-68 should be used.

3) N. ::; 7,500 after which number equilibrium damage is more or less reached.

4) 0.1 ::; P ::; 0.6 , 0.005:S 8 m ::; 0.06 , 2.0 toone/rn3 ::; p::; 3.1 tonne/rn3

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 VI-5-69 may not be conservative in some
breaking wave conditions.

Oncertainty 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.
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Units
2.0
0.1

2360
18.3 sec

Units
1714.64 feet
0.0055
22.0515 sec
11.997 hrs=

Calculated Information
Wave Length,Lom ='
Steepness,Som =
Peak period,Tp =
Storm duration,t

-1.09
1.22
1.33
1.43
1.61

REMARKS

OK
OK
OK
OK
OK

Eta
critical
4.542
3.5738
2.9674
2.5491
2.0057

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

(English System)
Enter Data Units Additional Data

IWave Heiglll,Hs .. feet Nominal Damage,S =
Rho for rock = 5.141 slugslftA3 Permeability,P =
Gravity = 32.17 ftIseC"2 No. of Waves,Nz =
Rho for water = 2.0 sIugslftA3 Wave Period,Tm =
Delta = Sr-1 = 1.5705
Gamma Z = 1.00
Gamma H = 1.00

HS,Signiflcant Wave Height
SLOPE SURF PRA DIAMETER mBii

COT alpha Eta feet Ibs
1.5 8.9893 5.564 28487.87
2.0 6.742 4.959 20168.84
2.5 5.3936 4.535 15425.19
3.0 4.4947 4.216 12393.69
4.0 3.371 3.758 8777.46
5.0 Use Plunging Waves Equation

Remarks: Eta must be greater than Eta critical

VAN DER MEER(1988) CEM(2000)
Table VI-5-23
Eqn VI-5-69 Surging Waves
Enter initial conditions
Quarry stone,rough angular
n=2 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0
Damage conditions specified 'by S

S'
til
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Table VI-6-4
Eartial safety {actors for stability failure of rock armor. Hudson formula. Design without model
tests..

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

G = ..!-f::..iJn(KD cOta)lj3 --'(HilI (VI-6-43)
'YZ

I = 0.05 I =0.2O'FH O'FH
PI 'YH 'YZ 'YH 'YZ

0.01 1.7 1.04 2.0 1.00
0.05 1.4 1.06 1.6 1.02
0.10 1.3 1.04 1.4 1.06
0.20 1.2 1.02 1.3 1.00
0.40 1.0 1.08 1.1 1.00

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

.

Design equation (d. Table VI-5-23)

G = ~z 6.28°.2 po.IS f::..iJnj (cOt a)0.5 (8om)0.25 il;O.1 - 'YHilI (VI-6-44)

where the factor J models the effect of low crested breakwaters:

j=
1

1.25 - 4.8ftrJ,;~
. s

trFH -0.05 I -0.2O'FH
PI 'YH 'YZ 'YH 'Yz

0.01 1..6 1.04 1.9 1.00
0.05 1.4 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

FIRST DRAFI'. Oct 1999 . VI-6-35



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

Design equation (d. Table VI-5-23)

G = ~SO·2 p-O.13 & Dn j (cOt Q)(o.s-P)(Som)-o.sP flr;O.1 -,Hiff (VI-6-45),Z
where

j= 1

1.25 - 4.S-HIV'i; -

dFH -0.05 dFH• - 0.2
Pf ,H ,Z ,H ,z

0.01 1.7 1.00 1.9 1.02
0.05 1.3 1.10 1.6 1.00
0.10 1.3 1.02 104 1.04
0.20 1.1 1.10 1.2 LOS
0040 1.0 LOS 1.1 1.00

Table VI-6-7
Partial safety factors for stability failure of cube block armor. Van dec Meer formula Design
without model tests.

Design equation (d. Table VI-S-29)

(

- 04 )1 (Nod)' _ -01- - -T
G = - 6.7 _ + 1.0 (80m) • !:!.Dn - "YHHs'z. (N.)0.3

dFH = 0.05 ""FH = 0.2
P, 'YH 'YZ 'YH 'Yz

0.01 1.5 1.10 1.S 1.04
0.05 1.3 LOS 1.5 1.04
0.10 1.3 1.00 104 1.02
0.20 1.2 1.00 1.2 1.06
0.40 1.0 1.08 1.0 1.10

VI-6-36

(VI-6-46)

FIRST DRAFT. Oct 1999
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SIQma Waves = 0.5 SiQma Waves = 0.2

Pf Gamma H IGamma Z Gamma H IGamma Z
0.01 1.6 1.04 1.9 1.00
0.05 1.4 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

sec
hrs

sec

Units
meters

Units
meters

68.01
0.0318
7.953
13.75=

Calculated Information
Wave Length,Lom =
Steepness,Sam =
Peak period,Tp =
Storm duration,t

Additional Data
Nominal Dlameter,Dn= _
Permeabllity,P= 0.1
No. of Waves,Nz = 7500
Wave Perlod,Tm = 6.6

Units
meters
Kn/m'3
m/sec'2
Kn/m'3

Eta REMARKS
critical

4.541961 OK
3.57378 OK

2.967355 OK
2.54909 OK

2.005716 OK
1.665372 OK

Rubble-Mound Structures and Non-Overtopping Slopes
(Metric System)

Enter Data
Iwave Helght.Hs - ..
Rho for rock = 2650
Gravity = 9.81
Rho for water = 1000
Delta = Sr-1 = 1.65
Gamma Z = 1.00
Gamma H = 1.00

Remarks: Eta must be less than Eta critical

HS,Signiflcant Wave Height
SLOPE SURF PRA _ Rei Dam

COT alpha Eta Zero=2.0
1.5 3.738481 7.0658 3.5329
2.0 2.8038608· 3.442 1.721
2.5 2.2430886 1.9703 0.98515
3.0 1.8692405 1.2491 0.62455
4.0 1.4019304 0.6085 0.30425
5.0 1.1215443 0.3483 0.17415

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 = 1.5 to 5.0 .
Damage conditions specified hy S

....J
(.",
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Sigma Waves = 0.5 Sigma Waves = 0.2

Pf Gamma H IGamma Z Gamma H IGamma Z
0.01 1.6 1.04 1.9 1.00
0.05 1.4 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

sec
hrs

set

Units
meters

Units
meters

68.01
0.0368
7.953
13.75=

Calculated Information
Wave Length,Lom ='
Steepness,Som =
Peak period,Tp =
Storm duration,t

Additional Data
Nominal Diam~ter,Dn= _
Permeability,P = 0.1
No. of Waves,Nz = 7500
Wave Period,Tm = 6.6

Units
meters
Kn/mA3
m/secA2
Kn/mA3

Eta REMARKS
critical

4.541961 OK
3.57378 OK

2.967355 OK
2.54909 OK

2.005716 OK
1.665372 OK

Rubble-Mound Structures and Non-Overtopping Slopes
(Metric System)

Enter Data
lwave Height,Hs - __
Rho for rock - 2650
Gravity = 9.81
Rho for water = 1000
Delta = Sr-1 = 1.65
GammaZ = 1.00
Gamma H = 1.00

Remarks: Eta must be less than Eta critical

Hs,Significant Wave Height
SLOPE SURF PRA _ Rei Dam

COT alpha Eta Zero=2.0
1.5 3.4752402 12.2268 6.1134
2.0 2.6064302 5.9562 2.9781
2.5 2.0851441 3.4095 1.70475
3.0 1.7376201 2.1614 1.0807
4.0 1.3032151 1.0529 0.52645
5.0 1.0425721 0.6027 0.30135

VAN DER MEER(1988) CEM(2000)
Table VI-6-5
Eqn VI-6-44 Plunging Waves
Enter initial conditions
Quarry stone,rough C!ngular
n=2 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0 ,
Damage conditions specified by S

~
~
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Sigma Waves = 0.05 Sigma Waves = 0.2

Pf Gamma H IGamma 2 Gamma H IGamma 2
0.01 1.7 1.00 1.9 1.02
0.05 1.3 1.10 1.6 1.00
0.10 1.3 1.02 1.4 1.04
0.20 1.1 1.10 1.2 1.06
0.40 1.0 1.06 1.1 1.00

sec
hrs

sec

Units
feet

Units
feet

1714.64
0.0055
22.0515
11.997=

Calculated Information
Wave Length,Lom ='
Steepness,Som =
Peak perlod,Tp =
Storm duratlon,t

ARMOUR LAYER STABILITY

Eta REMARKS
critical
4.542 OK
3.5738 OK
2.9674 OK
2.5491 OK
2.0057 OK

(English System)
Enter Data Units Additional Data

Iwave Heiglil.Hs ~ feet Nominal Diameter.Dn= _
Rho for rock = 5.141 slugslftA3 Permeabllity,P = 0.1
Gravity = 32.17 ftlsecA2 No. of Waves,Nz = 2360
Rho for water = 2.0 slugslftA3 Wave Perlod.Tm = 16.3
Delta = Sr-1 = 1.5705
Gamma 2 = 1.00
Gamma H = 1.00

Hs,Signiflcant Wave Height
SLOPE SURF PRA _ Rei Dam

COT alpha Eta 2ero=2.0
1.5 8.9893 3.587 1.7935
2.0 6.742 2.018 1.009
2.5 5.3936 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

Remarks: Eta must be greater than Eta critical

VAN DER MEER(1988) CEM(2000)
Table VI-6-6
Eqn VI-645 Surging Waves
Enter initiel conditions
Quarry stone,rough angular
n=2 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0 ,
Damage conditions specified by S

_-1
tf'1
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Sigma Waves = 0.05 Sigma Waves = 0.2
Pf Gamma H IGamma Z Gamma H IGamma Z

0.01 1.7 1.00 1.9 1.02
0.05 1.3 1.10 1.6 1.00
0.10 1.3 1.02 1.4 1.04
0.20 1.1 1.10 1.2 1.08
0.40 1.0 1.08 1.1 1.00

ARMOUR LAYER STABILITY

sec

sec
hrs

Units
feet

Units
feet

1714.84
0.007

22.0515
11.997=

Calculated Information
Wave Length,Lom ='
Steepness,Som =
Peak period,Tp =
Storm duration,t

Eta REMARKS
critical
4.542 OK
3.5738 OK
2.9674 OK
2.5491 OK
2.0057 OK

(English System)
Enter Data Units Additional Data

Iwave Heigl1t,Hs - ~ feet Nominal Diameter,Dn= _
Rho for rock = 5.141 slugslftA3 Permeability,P = 0.1
Gravity = 32.17 fVsecA2 NO.ofWaves,Nz = 2360
Rho for water = 2.0 slugslftA3 Wave Period,Tm = 18.3
Delta = Sr-1 = 1.5705
Gamma Z = 1.00
Gamma H = 1.00

HS,Significant Wave Height
SLOPE SURF PRA _ Rei Dam

COT alpha Eta Zero=2.0
1.5 7.9682 12.253 6.1265
2.0 5.9761 6.892 3.446
2.5 4.7809 4.411 2.2055
3.0 3.9841 3.063 1.5315
4.0 2.9881 1.723 0.8615
5.0 Use Plunging Waves Equation

Remarks: Eta must be greater than Eta critical

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 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0 .
Damage conditions specified'by S

•.J
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Table VI-S-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

N. H 1/
3 (1N.);: = a exp [bs;1/3 H./ (t.DnSO)] . or t.D:OO = 8

P

b In Ii" N~ (VI-5-70)

where values of the empirical coefficients a and b are given in the table as functions of freeboard
Rc and water depth h. Nod and No are the number of units displaced out of the armor layer
and the total number of armor layer units, respectively.

Rc/h a .104 b
Values of coefficients a and b in Eqn. VI-5-70.

0.29
0.39
0.57
0.38

0.07
0.18
0.09
0.59

1.66
1.58
1.92
1.07

wave steepness H./Lp

<0.03
<0.03
<0.03
>0.03

van der Meer (1991) suggested that the van der Meer stability formulae for non-overtopped rock
slope, Eqns. VI-5-68 and VI-5-69, be used with Dn5D replaced by j;Dn5D' The reduction factor
Ii is given as

(
R fi)-lIi = 1.25 - 4.8 -=- Sop
H. 211"

(VI-5-71)

where Rc is the freeboard, Sop = H./Lop, and Lop is deep water wave length corresponding to
the peak wave period. Limits of Egn. VI-5-7l are given by

RefS;;o < H. V2; < 0.052

VI-5-74 SECOND ORAFf. May 2000



Additional Data
Nominal Damage,S =
Permeability,P =
No. of Waves,Nz =
Wave Period,Tm =
Freeboard,Rc =
Calculated Information
Wave Length,Lom =
Steepness,Som =
Peak period,Tp =
Storm duration,t =
Peak Steepness.Sop =

LIMIT
0.052

Units
2.0
0.1

7500
6.65 sec
0.000 meters

Units
69.05 meters

0.03130
8.01325 sec
13.8542 hrs
0.021545

0.8
o

0.8000

-1.24 REDUCTIONFACTOR f
1.43 Limiting Value =
1.60 Set fi =
1.76
2.03
2.27

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Overtopped,But Not Submerged

(Metric System)
Enter Data Units

IWave Heigllt,Hs = .. meters
Rho for rock = 2650 Knlm'3
GraVity = 9.81 m/sec'2
Rho for water = 1000 Knlm'3
Delta = Sr-1 = 1.65
Gamma Z '" 1.00
Gamma H = 1.00

Eta REMARKS
critical

4.541961 OK
3.57378 OK

2.967355 OK
2.54909 OK

2.005716 OK
1.665372 OK

Remarks: Eta must be less than Eta critical
Limiting Value < 0.052
HS,Slgnlflcant Wave Height

SLOPE SURF PRA DIAMETER earmiJI
COT alpha Eta meters KN

1.5 3.7682228 1.0545 30482.8
2.0 2.8261671 0.9132 19797.6
2.5 2.2609337 0.8168 14166.5
3.0 1.8841114 0.7456 10776.4
4.0 1.4130835 0.6457 8998.6
5.0 1.1304668 0.5776 6009.6

VAN DER MEER(1991) CEM(2000)
Table VI-5-24 .
Eqn VI-5·71 Overtopped-Plunging
Enter initial conditions
Quarry stone,rough angular
n=2 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0
Damage conditions specified by S

<j)
\_t)



LIMIT
0,052

Units
2.0
0.1

7500
6.65 sec
1.920 meters

Units
69.05 meters

0.03130
8.01325 sec
13.8542 hrs
0021545

0.999846
0.052051
0.9998

Additional Data
Nominal Damage,S =
Permeabilily,P =
No. ofWaves,Nz =
Wave Period,Tm =
Freeboard,Rc =
Calculated Information
Wave Length,Lqm =
Steepness,Sam =
Peak period,Tp =
Storm duration,t =
Peak Steepness,Sop =

Units
meters
KnlmA3
m/sec"2
KnlmA3

-0.99 REDUCTIONFACTOR f
1.15 Limiting Value =
1,28 Set fi =
1.4
1.62
1.81

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Overtopped,But Not Submerged

(Metric System)
Enter Data

IWave Height,Hs - ..
Rho for rock - 2650
GraVity = 9.81
Rho for water = 1000
Delta = Sr-1 = 1.65
Gamma Z = 1.00
Gamma H = 1.00

Eta REMARKS
critical

4.541961 OK
3.57378 OK

2.967355 OK
2.54909 OK

2.005716 OK
1.665372 OK

Remarks: Eta must be less than Eta critical
Limiting Value < 0.052
HS,Slgnlflcant Wave Height

SLOPE SURF PRA DIAMETER~
COT alpha Eta meters KN

1.5 3.7682228 1.3179 69606.2
2.0 2.8261671 1.1413 38646.9
2.5 2.2609337 1.0208 27652.7
3.0 1.8841114 0.9319 21038.9
4.0 1.4130835 0.807 13662.7
5.0 1.1304668 0.7218 9776.1

VAN DER MEER(1991) CEM(2000)
Table VI·5·24
Eqn VI·5-71 Overtopped-Plunging
Enter initial conditions
Quarry stone,rough angular
n=2 layers,' random placement
Structure Trunk
COTalpha= 1.5 to 5.0
Damage conditions specified by S

,,=,
Q



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·Plunglng (Metric System)
Enter initiel conditions Enter Data Units Additional Data Units
Quarry stone,rough angular IWave Heighl,Hs .. meters Nominal Damage,S = 2.0
n=2 layers, random placement Rho for rock = 2650 KnlmA3 Permeability,P = 0.5
Structure Trunk Gravity = 9.81 m/secA2 No. of Waves,Nz = 7500
COT alpha = 1.5 to 5.0 Rho for water = 1000 KnlmA3 Wave Period,Tm = 6.65 sec
Damage conditions sPecified by S Delta = Sr·1 = 1.65 Freeboard,Rc = 0.000 meters

GammaZ = 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 period,Tp = 8.01325 sec
HS,Slgnlncant Wave Height Stonm duration,t = 13.8542 hrs

SLOPE SURF PRA DIAMETER II'2laLmiII Eta REMARKS - Peak Steepness,Sop = 0.021545
COT alpha Eta meters KN critical

\.u, 1.5 3.7682228 0.7893 12783.2 4.083445 OK 1.66 REDUCTIONFACTOR f 0.8 LIMIT
2.0 2.8261671 0.6835 8301.0 3.536368 OK 1.92 Limiting Value = 0 0.057
2.5 2.2609337 0.6114 6941.4 3.163023 OK 2.14 Set fi = 0.8000
3.0 1.8841114 0.5581 4619.1 2.887432 OK 2.35
4.0 1.4130835 0.4833 2934.7 2.500589 OK 2.71
5.0 1.1304668 0.4323 2100.2 2.236595 OK 3.03



::
";,

Units
2.0
0.5

7500
6.65 sec
1.920 meters

Units
69.05 meters

0.03130
8.01325 sec
13.8542 hrs
0.021545

LIMIT
0.052

Additional Data
Nominal Damage,S =
Permeability,P =
NO.ofWaves,Nz =
Wave Period,Tm =
Freeboard,Rc =
Calculated Information
Wave Length,Lom =
Steepness,Som =
Peak period,Tp =
Storm duration,t =
Peak Steepness,Sop =-1.33 REDUCTIONFACTOR f 0.999846

1.53 Limiting Value = 0.052051
1.71 Setft = 0.9998
1.88
2.17
2.42

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Overtopped,But Not Submerged

(Metric System)
Enter Data Units

IWave Height,Hs - .. meters
Rho for rock = 2650 Knlm'3
GraVity = 9.81 m/sec'2
Rho for water = 1000 Knlm'3
Delta = Sr-1 = 1.65
Gamma Z = 1.00
Gamma H = 1.00

Eta REMARKS
critical

4.083445 OK
3.536368 OK
3.163023 OK
2.887432 OK
2.500589 OK
2.236595 OK

Remarks: Eta must be less than Eta critical
Limiting Value < 0.052
HS,Slgnlflcant Wave Height

SLOPE SURF PRA DIAMETER &Bill
COT alpha Eta meters KN

1.5 3.7682228 0.9864 24950.2
2.0 2.8261671 0.8543 16208.6
2.5 2.2609337 0.7641 11597.5
3.0 1.8641114 0.6975 8821.6
4.0 1.4130835 0.6041 6731.1
5.0 1.1304668 0.5403 4100.3

VAN DER MEER(1991) CEM(2000)
Table VI-5-24
Eqn VI-5-71 OVllrtopped-Plunglng
Enter initial conditions
Quarry stone, rough angular
n=2 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0
Damage conditions specified by S
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The core permeability in Table VI-54 refers to the structures shown in details a, c and d of Figure
VI-5- I I, 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-S-lI, detail b, is not
identified by tests, but instead is an estimated value.

s)

P=O.1

Impermeable
... 00n5lJ =0.22 nSQ

b)

P=OA

0:: = 0.5 O:='
0 ""' ...ntiD = 0.25 0 ntD

c)
P=O.5

0::==0.30:.':

d)
P=O.6

Homogeneous
withoutfiltsr
sndccre

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

SECOND DRAFT, May 2000 VI-5-17
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Notational Permeability,P=

HS,Slgnlficant Wave Height
SLOPE Spectral No DIAMETER~ REMARKS

COT alpha N(star)s meters KN_
1.5 9.9908 0.471 2716.3 2.78 OK
2.0 9.9908 0.471 2716.3 2.78 OK 0.5

1.~

sec
hrs

Units

Units
meters

meters
meters

sec

2.0
7.50
5.00
6.65

7500.0

Additional Data
Nominal Damage,S =
Water Depth, h =
Crest Ele. hc prime =
Wave Perlod,Tm =
Number of Waves =
Calculated Information
Wave Length,Lom =' 69.05
Steepness,Som = 0.0313
Peak period,Tp = 8.01325
Storm duration,t = 13.854
Peak Steepness,Sop = 0.0215
Relative Submergence, h/hc prim

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Submerged Slopes

(Metric System)
Enter Data Units

Iwave Heigl1l,Hs = .. meters
Rho for rock = 2650 Kn/m'3
Gravity = 9.81 m/sec'2
Rho for water = 1000 Kn/m'3
Delta = Sr-1 = 1.65
Gamma Z = 1.00
Gamma H = 1.00

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 = 1.5 to 5.0 ,
Damage conditions specified by S

--S:
.J

2.5
3.0
4.0
5.0

9.9908
9.9908
9.9908
9.9908

0.471
0.471
0.471
0.471

2716.3
2716.3
2716.3
2716.3

an OK
an OK
an OK
an OK



0.1

1,5

sec
hrs

Units

Units
meters

meters
meters

sec

2.0
7.50
5.00
6.65

7500.0

Notational Permeability,P=

Additional Data
Nominal Damage,S =
Water Depth, h =
Crest Ele. he prime =
Wave Period,Tm =
Number of Waves =
Calculated Information
Wave Length,Lom =' 69.05
Steepness,Som = 0.0313
Peak period,Tp = 8.01325
Storm duration,t = 13.854
Peak Steepness, Sop = 0.0215
Relative Submergence, h/hc prim

Units
meters
Kn/mA3
m/secA2
Kn/mA3

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Submerged Slopes

(Metric System)
Enter Data

Iwave Heigllt,Hs - .-
Rho for rock = 2650
Gravity = 9.81
Rho for water = 1000
Delta = Sr-1 = 1.65
Gamma Z = 1.00
Gamma H = 1.00

HS,Significant Wave Height
SLOPE Spectral No DIAMETER~ REMARKS

COT alpha N(star)s meters KN_
1.5 8.8455 0.532 3914.26 2.46 OK
2.0 8.8455 0.532 3914.26 2.46 OK

VAN DER MEER(1991) CEM(2000)
Table VI-5-25
Eqn VI-5-72 Submerged Breakwters
Enter initial conditions
Quany stone,rough angular
n=2 layers, random placement
Structure Trunk
COT alpha = 1.5 to 5.0 .
Damage conditions specified 'by S

~
'S)

2.5
3.0
4.0
5.0

8.8455
8.8455
8.8455
8.8455

0.532
0.532
0.532
0.532

3914.26
3914.26
3914.26
3914.26

2.46 OK
2.46 OK
2.46 OK
2.46 OK



0.1

sec
hrs

1. 002

Units

Units
meters

meters
meters

sec

2.0
5.01
5.00
6.65

7500.0

Notational Permeability,P=

Additional Data
Nominal Damage,S =
Water Depth, h =
Crest Ele. he prime =
Wave Period,Tm =
Number of Waves =
Calculated Information
Wave Length,Lom =' 69.05
Steepness,Som = 0.0313
Peak period,Tp = 8.01325
Storm duration,t = 13.854
Peak Steepness,Sop = 0.0215
Relative Submergence, h/hc prim

Units
meters
Kn/mA3
m/secA2
Kn/mA3

ARMOUR LAYF;R STABILIlY
Rubble-Mound Structures and Submerged Slopes

(Metric System)
Enter Data

Iwave Heiglll,Hs = .-
Rho for rock = 2650
Gravity = 9.81
Rho for water = 1000
Delta = Sr-1 = 1.65
Gamma Z = 1.00
Gamma H = 1.00

HS,Slgnlflcant Wave Height
SLOPE Spectral No DIAMETER~ REMARKS

COT alpha N(star)s meters KN_
1.5 5.9636 0.789 12788.68 1.66 OK
2.0 5.9636 0.789 12788.88 1.66 OK

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 = 1.5 to 5.0 .
Damage conditions specified ·by S

~
\D

2.5
3.0
4.0
5.0

5.9636
5.9636
5.9636
5.9636

0.789
0.789
0.789
0.789

12788.88
12788.68
12788.68
12768.68

1.66 OK
1.66 OK
1.66 OK
1.66 OK



0.5

sec
hrs

1 DO?

Units

Units
meters

meters
meters

sec

2.0
5.01
5.00
6.65

7500.0

Notational Permeability,P=

Additional Data
Nominal Damage,S =
Water Depth, h =
Crest Ele. he prime =
Wave Period,Tm =
Number of Waves =
Calculated Information
Wave Length,Lom =' 69.05
Steepness,Sam = 0.0313
Peak period,Tp = 8.01325
Storm duration,! = 13.854
Peak Steepness,Sop = 0.0215
Relative SUbmergence, h/hc prim

Units
meters
Kn/m'3
m/secA2
Kn/m'3

ARMOUR LAYER STABILITY
Rubble-Mound Structures and Submerged Slopes

(Metric System)
Enter Data

Iwave Heigllt.Hs - .-
Rho for rock = 2650
Gravity = 9.81
Rho for water = 1000
Delta=Sr-1 = 1.65
Gamina Z = 1.00
Gamma H = 1.00

HS,Significant Wave Height
SLOPE Spectral No DIAMETER~ REMARKS

COT alpha N(star)s meters' KN _
1.5 7.1089 0.662 7542.04 1.98 OK
2.0 7.1089 0.662 7542.04 1.98 OK

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 = 1.5 to 5.0
Damage conditions specified by S

o
c:;

2.5
3.0
4.0
5.0

7.1089
7.1089
7.1089
7.1089

0.662
0.662
0.662
0.662

7542.04
7542.04
7542.04
7542.04

1.98 OK
1.98 OK
1.98 OK
1.98 OK



Table VI-5-25
Rock, submerged breakwaters with two-layer annor on front, crest and rear slope (van der Meer
1991).

Irregular, head-on waves

h'
/. = (2.1 + 0.1 S) exp(-0.14 N;) (VI-5-72)

where h

h'c

S

N'•

Water depth

Height of structure over sea bed level (h - h~ is the water depth over the
structure crest).

Relative eroded area

S ectral stabili'ty umb N' ....lL.- -1/3P n er,. = AD"",sP

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,
Le., 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

ReIsrIveasheight tfcAJ

2.0 0 v.>*_
DO x Gi"'/SlWaOM1

--~eq. .
1.5

0 0

1.0 "

-L x x

x
0.5 x

x

O+---f-------if-------i---i---t-__
o 8 12 16

SpectralSfabiity,..."",.N••
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I
I

Table VI-S-27
Rock, low-crested reef breakwaters built using only one class of stone.

I
I
I
I

Irregular, head-on waves

Van der Meer (1990)

Trunk cross section of reef breakwater

h h~ -

The equilibrium height of the structure

A h' . -9 A2
a=-0.028+0.045mtrCh) +0·034r-6xIO ii'-

• .lSO

(VI-S-73)with a maximum of h~

area of initial cross section of structure

water depth at toe of structure

initial height of structureh'e

N* - -l!.<-.-1/3
• - o.D.so P

he =

where A,

h

I
I
I
I

(VI-5-74)or -...!!!-=.!In (.! Nod)
LlDn 150 b a No.

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

Pa.veIl and Allsop (1985) analyzed data by Ahrens, et aI. (1982) and Ahrens (19M) and proposed the
stability formula

r:r~ =a exp [bH./ (.:lDnlSO)]I
I

R.,/h ". 10' b

where velues of the empirical coefIicient3 a and b are given in the table as functions of freeboard R.,
and water depth h. Nod and N. are the number of displaced rocks and the total number of rocks in
the mound, respectively.

Values of coefll.cients a and b in Eqn. (Vl-5-74).

Valid for 0.0012 < H./Lp < 0.036

I
I
I
I

0.0
0.2
0.4

15
17
4.8

0.31
0.33
0.53

I SECOND DRAFr. May 2000 VI-S-77
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