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History

lribarren
eHudson

*\Van der Meer
o\VVan Gent

Equilibrium of forces on a block
Experiments and curve fitting

More experiments, analysis, curve fitting
Shallow water conditions
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Equilibrium after Iribarren

Frave = On0 Dn2 H
W-B = (pr _IOW) g Dn3

W = p gD’

(W-B)sina
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Equations for uprush and downrush

N'OrgH3 NprgH3

W > W >

A3(ycosa+sin a)3 A3(,uCOSa—Sin 05)3

type of block downward stability upward stability transition slope
(z2cos - sin @) * (1£c0s a+sin @) 3 between upward and
downward stability
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structure trunk structure head
number
type of block of layers breaking non breaking non
(N) wave breaking wave breaking
wave wave
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S p m 1977 structure trunk structure head

number
type of block of layers breaking non breaking non
(N) wave breaking wave breaking
wave wave
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Damage multiplier for Hudson

Unit Damage (D) in %

0-5 5-10 10-15 15-20 20-30 30-40
Quarry stone 1.00 1.08 1.14 120 129 141
(smooth)
Quarry stone 1.00 1.08 1.19 127 137 1.47
(rough)
Tetrapod 1.00 1.09 117 124 132 141
Dolos 1.00 110 114 117 120 1.24

Damage due to overloading (H/H,, qamage)
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comparison of Hudson and Iribarren

:(ycosaisina)N%

shape of block

layer thickness
placing manner
roughness, interlock
type of wave attack
head/trunk

angle of incidence
size/porosity underlayer
crest level

crest type

wave period
foreshore shape
reflection
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application of Hudson

* Increase of block density
Increase of block weight
decrease slope
grout smaller blocks
Increase K, by special shaped blocks
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Optimal angle and interlock of blocks

Complex imterlocking types Bulky types of armor units
of armor units like Dofos like cubes and quarry rock

ongoing MSc work by Bart van Zwicht
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Damage S5

Hudson formula

Hudson formula

2.5

3.0

Hudson and
measurements
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Damage according to Van der Meer

S = A2
Dn50

A - erosion area
D, - nominal diameter ( = W, /gp)*/?
WSO

- “mean” weight of the armour stones
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Damage(S) based on erosion area (A)

filter layer
— —— initial slope
profile after 3000 waves

SHL
=

erosion area Ae
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2
damage S = Ae /Dpsp

2.0 2.5 3.0
distance (m)
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classification of S-values

Initial Damage Intermediate Damage Failure
(needs no repair) (needs repair) (core exposed)
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wave period

0 tan

N

Van der Meer uses deep water values:
asOm
thus:
significant wave
deep water
period based on T,
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Permeability coefficients

Dnao AlDpaoF = 45 DnagFiDnsaC =4

DasoAl/DasoC= 32

Dnﬁuﬂ. = nominal diameter of armour stone
D 5gF = nominal diameter of filter material
D50 C = nominal diameter of core
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Van der Meer

& > E.,transition 9 Surging breakers

& < &uansiion 2 Plunging breakers
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reference case

sign. wave height H, 2m

slope of revetment cota 3

“Permeability” P 0.5

mean period 6S

number of waves 3000

rock size 0.6 m (300-1000 kg)
relative density A 1.65

damage level 2

Hudson coefficient Ky 2

Tm
N

%
TUDelft




Wave period

IS

Ry

vdMeer _|
— — Hudson
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permeability

armour + filter
on clay or
sand

armour on
rip-rap

armour + filter
on rip-rap
core

"~

homogeneous
armour

vdMeer

Hudson
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number of waves

vdMeer
— — Hudson

s N (x 1000)

maximum number of waves: 7500
3000 waves of 6 s is 5 hours
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damage level

Initial profile

”

7 ~"Erosion area = A

2
- S=A/D
=" Filter layer
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slope angle

P
”
//
[~

vdMeer
Hudson
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damage development
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mild slopes

%
TUDelft



Formula 3.23 for plunging waves

_____ 80 % confidence Level

measured

@ Impermecble core Ir; Ir,' Val ueS fO r
0.6 + ® [mpermeable core = P / _
Thompsan (1975) ! T ] plunglng
g (S B 1 breakers

5/ N

coefficients can be
considered as
stochastic
parameters:

: Ggo=0.5

G, ,= 0.08
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Hudson and Van der Meer

IT'HE Delit

512 Calculation of Rip—rap

" Van 'da}r Meer
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shape of guarry stone

Rock shape Plunging waves Surging waves
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O T (T % ¥ Visual comparison
B of block shapes

Irregular (IR)
p=0.013-0.015

Equant (EQ)
p=0.011-0.013

Semi-Round (SR)
p=0.009-0.011

Very Round (VR)
p<0.009
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Shallow water conditions (wave height)

« Rayleigh distribution no longer valid
 in deep water H,,, = 1.4 H,
e in shallow water H,,, = (1.2 - 1.3) H,

e S0, use adapted design formula (you may use H,,

Instead of H,) 2100% -

s 879
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Shallow water conditions (wave period)

 When waves come in shallow water, wave spectrum
changes

 In shallow water longer periods are more relevant
* recommended to use T, g
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Stone stability (vdMeer vs. vGent)

—Van Gent et al (2003)
e Van der Meer (1988): Permeable core

m Van Gent et al (2003); Permeable core

0.4 0.6 0.8 1.0 1.2 1.4 1.6
He/AD,s0 - tana’® . ( 1/(1+Dpso-core/Dnso) ) ()
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The original van der Meer equation

1

H2%

C

_ 7l

|

HS

J

Hs gm PO.18
ADn50

Values of the coefficient c:

Original Van der Meer:
Transformation to T, ; ,:

8.68
9.13

Recalibration on data Van Gent: 8.40

For deep water: H,,./H, = 1.4

5

(for plunging breakers)
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Data of Van Gent and original Van der
Meer equation

—Van der Meer (1988) correct factor

Foreshore 1:30, Slope 1:2; Permeable core, Single peaked : H /H
Foreshore 1:30, Slope 1:2; Permeable core, Double peaked : 2% S
Foreshore 1:30, Slope 1:4; Permeable core, Single peaked
Foreshore 1:30, Slope 1:4; Permeable core, Double peaked
Foreshore 1:100, Slope 1:2; Permeable core, Single peaked .
Foreshore 1:100, Slope 1:2; Permeable core, Double peaked |nC0rreCt
Foreshore 1:100, Slope 1:4; Permeable core, Single peaked .
Foreshore 1:100, Slope 1:4; Permeable core, Double peaked "' conversion from
Foreshore 1:30, Slope 1:2; Impermeable core, Single peaked ’
Foreshore 1:30, Slope 1:2; Impermeable core, Double peaked T to T
Foreshore 1:30, Slope 1:4; Impermeable core, Single peaked m m-1,0
Foreshore 1:30, Slope 1:4; Impermeable core, Double peaked

+ % X ¢ D> O e®0N

Van Gent:
T,=0.957 T,
Van der Meer:
T,=0.904 T, .,

PLUNGING: H,/AD,s . £°°. P (Hy/Hy) (-)
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Data of Van Gent and original Van der
Meer equation

+ ¥ X ¢ > O0edn

—Van der Meer (1988)

Foreshore 1:30, Slope 1:2; Permeable core, Single peaked
Foreshore 1:30, Slope 1:2; Permeable core, Double peaked
Foreshore 1:30, Slope 1:4; Permeable core, Single peaked
Foreshore 1:30, Slope 1:4; Permeable core, Double peaked
Foreshore 1:100, Slope 1:2; Permeable core, Single peaked
Foreshore 1:100, Slope 1:2; Permeable core, Double peaked
Foreshore 1:100, Slope 1:4; Permeable core, Single peaked
Foreshore 1:100, Slope 1:4; Permeable core, Double peaked
Foreshore 1:30, Slope 1:2; Impermeable core, Single peaked
Foreshore 1:30, Slope 1:2; Impermeable core, Double peaked
Foreshore 1:30, Slope 1:4; Impermeable core, Single peaked

- Foreshore 1:30, Slope 1:4; Impermeable core, Double peaked

PLUNGING: H./AD,s . £%°. P8, (Hyo/Hy) ()

1.4 used as fixed
factor for ratio
H,o,/H,

incorrect
conversion from
T, to Tm_l,0

Van Gent:
T,=0.957 T,
Van der Meer:
T,=0.904 T, ,,
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Data of Van Gent and original Van der
Meer equation

— Van der Meer (1988) - modified

Foreshore 1:30, Slope 1:2; Permeable core, Single peaked
Foreshore 1:30, Slope 1:2; Permeable core, Double peaked
Foreshore 1:30, Slope 1:4; Permeable core, Single peaked
Foreshore 1:30, Slope 1:4; Permeable core, Double peaked
Foreshore 1:100, Slope 1:2; Permeable core, Single peaked
Foreshore 1:100, Slope 1:2; Permeable core, Double peaked
Foreshore 1:100, Slope 1:4; Permeable core, Single peaked
Foreshore 1:100, Slope 1:4; Permeable core, Double peaked
Foreshore 1:30, Slope 1:2; Impermeable core, Single peaked
Foreshore 1:30, Slope 1:2; Impermeable core, Double peaked
Foreshore 1:30, Slope 1:4; Impermeable core, Single peaked
Foreshore 1:30, Slope 1:4; Impermeable core, Double peaked

I + % X ¢ D> CeoeO0N

PLUNGING: H./AD,s . £™°. P (Hou/H,) (1)

Data of Van Gent,
recalibrated
formula

Plunging waves

C, changed from
8.68 to 8.4
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Data of Van Gent and original Van der
Meer equation

— Van der Meer (1988) - modified Data Of Van Gent!

Foreshore 1:30, Slope 1:2; Permeable core, Single peaked H

Foreshore 1:30, Slope 1:2; Permeable core, Double peaked reca“brated
Foreshore 1:30, Slope 1:4; Permeable core, Single peaked ;
Foreshore 1:30, Slope 1:4; Permeable core, Double peaked fo rmu |a
Foreshore 1:100, Slope 1:2; Permeable core, Single peaked d .
Foreshore 1:100, Slope 1:2; Permeable core, Double peaked SU I‘g | ng WaveS
Foreshore 1:100, Slope 1:4; Permeable core, Single peaked

Foreshore 1:100, Slope 1:4; Permeable core, Double peaked
Foreshore 1:30, Slope 1:2; Impermeable core, Single peaked

Foreshore 1:30, Slope 1:2; Impermeable core, Double peaked C Changed from
Foreshore 1:30, Slope 1:4; Impermeable core, Single peaked su

Foreshore 1:30, Slope 1:4; Impermeable core, Double peaked : 1.4 to 1 3

+ ¥ X ¢ e >p» 000N

0.4 0.6 0.8 1.0 1.2
SURGING: Hs/ADys . &7 . P*. tan o*®°. (Hae/Hs) (-)
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Datasets of Van der Meer

309 teStS Formula 3.23 for plunging waves

90 % confidence Level
slope of foreshore: horizontal ,
(47 tests with 1:30) S RESTeer

.6 L ® Impermeable core

slope of structure: 1:1.5to 1:6 T HETSS

core: permeable and
Impermeable

ratio H/d: 0.12 - 0.26 (deep
water)
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Datasets of Van Gent

core

# of tests

foreshore

H./d

S

Permeable
Permeable
Permeable
Permeable
Permeable
Impermeable
Impermeable

VdMeer

37
34
31
26
24
34
21

1:100
1:100
1:100
1:30
1:30
1:30
1:30

0.34-0.51
0.34-0.52
0.31-0.51
0.23-0.78
0.34-0.73
0.15-0.48
0.27-0.53

Permeable &
Impermeable

mainly

horizontal

0.12-0.26
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Observations

In paper significant difference between results of Van
Gent and of Van der Meer

In paper Van Gent erroneously assumed a conversion
factor of 0.957, while it had to be 0.904

(because Van der Meer did not use in his original test a standard
spectrum)

Largest part of the Van Gent data are different from
the original deep water situation of Van der Meer; also
the slope of the foreshore was different for most tests
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Conclusions

For the period one should use T, ,

In case of standard (deep water) spectrum one may
use T,=0.957 T, .1

But be careful: the spectrum used in the tests of Van
der Meer gave a conversion of T,=0.904 T, ,

The recalibration of Van Gent should not be applied for
deep water

For the time being the following coefficients are

recommended: deep shallow

9.13 8.4
1.33-1.39 1.3
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Comparison after all corrections

Surging waves
(original graph)

1.0 12 14

Hos/ADsa - Ema” - PY™ - tana® []

16

Surging waves
(with influence roundness)

04 06 08 1.0 12 1 e
1'I‘,L,atham;su'I_Ichi,.!'l.-i".lj|-|5|:;. - &m-1 .D_P - PD'13 . tanuD.ﬁ [_]

Marcel Mertens, 2007
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Inconsistency

/H h

2%

\\HS/

Em-1.0 IS a function of H
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General equations (deep & shallow)

H2%

0.2
S 0.25
=C PmS(—j Sim— veota -
Adey P N (Sm-10) for plunging waves

0.2
Hyy  -013 -0.25 P-0.5
Ad sy %P (Sm10) " (&-10) for surging waves

1

0.31 P105 -
# “ta”“} . transition
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A new formula by Van Gent

Extra in this formula:

D

n50core

/
0.57

\

L Jian o !

Dn50 1+

D

n50core

n50 /

Not in this formula:
P
period or steepness
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Results of the Van Gent formula

— Formula

Foreshore 1:30, Slope 1:2; Permeable core; Single peaked
Foreshore 1:30, Slope 1:2; Permeable core; Double peaked
Foreshore 1:30, Slope 1:4; Permeable core; Single peaked
Foreshore 1:30, Slope 1:4; Permeable core; Double peaked
Foreshore 1:100, Slope 1:2; Permeable core; Single peaked
Foreshore 1:100, Slope 1:2; Permeable core; Double peaked
Foreshore 1:100, Slope 1:4; Permeable core; Single peaked
Foreshore 1:100, Slope 1:4; Permeable core; Double peaked
Foreshore 1:30, Slope 1:2; Impermeable core, Single peaked
Foreshore 1:30, Slope 1:2; Impermeable core, Double peaked
Foreshore 1:30, Slope 1:4; Impermeable core, Single peaked
Foreshore 1:30, Slope 1:4; Impermeable core, Double peaked

I+ = X o P> 0808

12 14 16 18
Hg/ADps0 . tana™ . { 1/(1+Dpso.core/Dnsa) ) ()
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Reliability of the various equations

Equation Structure type o

Modified vdM permeable
Modified vdM Impermeable

Modified vdM all

Van Gent permeable
Van Gent Impermeable

Van Gent all
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Observations on the Van Gent formula

Reliability of the Van Gent formula seems as good as
the (recalibrated) Van der Meer formula

Especially for permeable cores results are better

But Period/Steepness is not included, and is
considered as irrelevant

Reliability is only based on the Van Gent database
(shallow water, gentle foreshore)
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Conclusions on the Van Gent Formula

« Because on deep water period is relevant (see dataset
of Van der Meer) and because spectrum shape is also
relevant (introduction of T, , ) it Is not advisable to
exclude the period In stability formulas

1
The parameter 1+ Drsoce % IS maybe a better
n50

parameter for describing the permeability of a
structure than the P-value of Van der Meer, because P
cannot be determined objectively
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low crested dams (1)
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low crested dams (2)
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low crested dams (3)

Given formula are for the front side of the breakwater

According to Van der Meer: in case of same block size
at rear slope, no problems.

But probably over-dimensioned.
Tests performed in our lab to find out
 split research into two steps

e load of plunge on inner slope

« dimension of plunge
 try to understand stability process
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The overtopping process
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what happens during a plunge

%
TUDelft




Layer thickness as function of time

Configuration |, Water Level in reservoir = 0.1025 m

N
&)

fIc o~

(NS}

\

o

—Test 1
Maximum value

— — Average value
|

0.5 1

Relative time (s)

—
£
(&

St
7))
7))
QO
c

4

©

e

rar
| .
Q
=
4]

-

%
TUDelft



The u as describing parameter

char
For velocity use “characteristic velocity”
The characteristic velocity is the maximum
discharge divided by maximum layer thickness
(and by flume width)
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Overall results

mRc =9 cm, slope 1:1.5]
ORc=9cm,slope 1:3 |
#Rc=6cm, slope 1:1.5]
¢Rc=6cm,slope 13 |
®Rc=4cm, slope 1:1.5:
oRc=4cm, slope 1:3

mRc =7 cm, slope 1:1.5]

5 1 ®Rc=2cm, slope1’|5_w

75 90 105

_wy cos(B—a)f R .. o7
- &gDHSU DHSG Sln({l )‘\/;
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toe stability
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Example using toe piles

22 ton Accropods

Toe Piles

- Original wall

Low water
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stability of toes

7

|
|
v

02 04 06 08 1.0
—> h/h,

e,
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typical damage pattern breakwater
head

Wave attack
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