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Box 1

SPM R4

&

1 S

3 t 3
szl"\l { M= ?\LD!‘L

(ﬁ w : U/ADn - (,1ébm%oL
Ca ‘
Huedton 1952~ 1958

Table 7-8,

--/l:A ’

On

M =
3
|4 Cot ot

Suggested Kp Values for use in determining armor wmit weightl.

™

)‘/3;

7 R
! @)(F%‘ht@wﬁ a‘%‘gw"du'&‘

W wmanualk b 200¢ probene Huddon SOLO por wass nefnali V.dox

) Ho-Damege COritezia and Minur Overtopping
Structure Trunk -Struc‘r.ure Head
Armor Unite n3 Placemant sz 5} Slope
Breaking Honbreaking Breaking Honbreaking Cot &
* Wave Wave Wave _ Wave
Quarrystone
Smeoth rounded 3 Random 1.2 2.4 1.2 1.9 t.5 to 3.0
Smooth rounded >3 Random 4 I.b‘t‘ 3.2 1'411 2.3 g
Rough angular 1 Random 2.9 8.3
T 1.9 3.2 1.5
w-—--&“ Rough angular 2 Randem 2.0 HE T I 1.% 2.8 2.0
i 1.3 2.3 3.0
Rough angulat 3 Random 2.2 4.5 2.1 4.2 5
Rough angular 2 Special 1 5.8 7.0 3 6.4 3
Parallelepiped 2 Special 7.0 - 2¢.0 8.5 -, 24.0 - -—
Tetrapod §.0 5.0 1.3
and 1 2 Random 1.0 8.0 4.5 5.5 2.0
Quadripod 3.5 it 3.0
3
'
' 8.3 9.0 1.5
Tribar t z Randem g8.0 10.0 7.8 8.5 2.0
i 6.0 G.5 3.0
E 5
Dolon 2 | Random 15.88 31.8% 2.0 6.0 2.0
7.0 14.0 % 3.0
Modified cube 2 | Raodom 4.5 7.5 ——— 5.0 :
Hexapod A Random 8.0 9.5 5.0 7.0 5
Toekane 2 Random 11.0 22.0 - - 5
Tribaw 1 Uniform 12.0 15:0 7.6 2.5
Quarrystone {Kpm - R
Graded angular - Random 2.2 2.5 - -

—

[}

=~

-

~

-

o

CAUTION: Those KD values shown in italics are unsupported by test results and are only provided for

preliminery design purposes.

Applicable to olopes ranging from 1 on 1.5 to 1 on 5.

n ig the number of unite comprieing the thickness of the armor layet.

The use of pingle layer of quarrystone armer units is not recommended for structures subject to breaking waves,
and only under special conditione for structures subject to nonbreaking waves., HWhen it is used, the stone
should be carefully placed.

Until more information 1a avallable on the varistion of Ky wvelue with slope, the wag of Ky shouid be limited
to slopes ranging from ! on 1.5 to 1 on 3. Some armot unlts tested on e structure head indicate a Ku—alope
dependenca.

Special placement with long axis of stome placed petpendicular to structure face.

Pargllelepiped-shaped stone: lomg slab-like atone with the long dimensioa about 3 times the shortest dimemsiom

(Harkle and Davidsom, 1978}.

Refers to no-damage criteria (<5 percent displacement, rocking, etc.); Lif ue rocking (<2 percent) is desired,
reduce Kp 50 percent { Zwawborn ond Ven Niekerk, 1982).

Stability of dolosse on slopes steeper than L on-2 should be substantiated by site-speclfic model teets.

"Bt of Hg Biitabous dotumed ) vadies @ Metab provide

Likte o we '&:LFQ}}; ﬁhd’e-t;,v.
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Box 2
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Box 3

Do SPM A9&4

Table 7-9. H”HD.-:{? as a function of cover-layer damage and Lype of armor

1.1nit:.1 }' rl.f.ﬂ!b‘u@,l_\,t \{D Gh bmc%-h} |

Damage {D) in Perceat ’
oy /
Unic Qo5 5 te 10 {10 to 15 15 to 20 20 te 30 30 to 40 | 40 o 50 c“/“
£ T hee
quarrystene | Bftp.g | 1.00 1,08 1.14 1,20 1,29 1.41 1.54 l[ .
NP .
(smoath) (20 [(3o) [{3.6) (& | (54 | (ef) [(3F) |¢— D7~
-~ Qu:%rys:‘une g | 1400 108 1.19 1.2 L3 1.47 1.56° A
| Aoy {50y |(ag) [(84) | (o3 | zp | st ™
Tevtapods & | W/Hpy | 1.00 1.09 1a7? 1.24% 1,323 1413 1.50° A
Quadripods ( &i—b) (}10,&}. Az &5 ('15.'2,} {,’iﬂ,‘_‘ﬁ { 22.4’ { Q%.O}
Tribar “/“u-a 1.90 1.11 1.253 1.36% 1.503 1.593 1,543
Dolos B o 1100 1.10 1,143 2177 1,203 1.2¢° 2.27%

1 Breskwater trunk, n = 2, tandom placed armor units, nonbreaking waves, and minor overtopping i
conditions. '

2 yalues in italice are interpolated or extrapolated.

3 CAUTION: Tests did mot include possible effects of unit breakage. Waves exceeding the design wave
height conditions by more than 10 percent may result in corsiderably more damage than the values
tabulated.
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Box 4

EM 1110-2-1100 (Part Vi)

1 Jun 06

Table vI-5-22

Rock, Two-Layer Armored Non-Overtopped Slopes (Hudson 1974)

lrregular, head-on

_H
ADgso

where H
DnSD
Mso
pa
P
A
@
Kp

waves

= (Kp cot c:)l"3

or M50 =
KD(

Ps
By
P

HS

i — )Scota'

Characteristic wave height (H, or Hy/0)
Equivalent cube length of median rock
Medium mass of rocks, Msp = pa D3so

Mass density
Mass density

(ps/pu) ~1

Slope angle

of rocks
of water

Stability coeﬁdeut

(VI—5-67)

Hp-values by SPM 1977, H = H,, for slope angles 1.5 < cota < 3.0. (Based entirely on regular wave tests.)

1

armor slope. (Critical case for shallow-water structures.)

No depth-limited wave breaking takes place in front of the armor slope.

Stone shape Placement Damage, D¥ .
0-5% 5-10% 10-15%
Breaking Nonbreaking | Nonbreaking | Nenbreaking
waves 1 waves 2 waves Waves
Smooth, rounded | Random 2.1 2.4 3.0 3.6
Rough angular Random a5 4.0 49 6.6
Rough angular Special ¢ 4.8 5.5
Kp-velues by SPM 1984, H = Hypp.
Sione shape Placement Damage, D' = 0-5%
Breaking waves ! Nonbreaking waves 2
Smooth rounded | Random 1.2 24
Rough angular Random 2.0 4.0
Rough anguiar Special 8 5.8 7.0

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

Breaking waves means depth-limited waves, i.e., wave breaking takes place in front of the

D is defined according to SPM 1984 as follows: The percent damage is based on the volume

of armor units displaced from the breakwater zone of active armor unit removal for a specific
wave height. This zone extends from the middle of the breakwater crest down the seaward
face to a depth equivalent to the wave height causing zero damage below still-water level.

Share Protection Manuaf (1977)

Versus

Shora Protection Manual (1984):

When considering that Hye = L27H, for Rayleigh distributed wave

heights (non-depth-limited waves) it is seen that the recommendations of

Shore Protection Manual (1984} introduce a considerable safety factor com-

pared to the practice based on Shere Protection Menual (1977).

Uncertainty of the faormula: The coefficient of variation of BEq VI-5-67 is estimated to be 18% by van der
Meer (1988). Melby and Mlaker (1997) reported a coeflicient of variation for
Kp of 25% for stone and 20% for Dolosse.

VI-5-84

Fundamentais of Design
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roughness, shallow water and oblique wave attack on wave runup and avertop-
ping can be given as reduction factors y,,y., Yh and y,, regpectively. They ¥
are defined as the ratio of runup on a slope considergd to that on a smooth

impermeable alope under otherwise identical conditions (TAW, 1974). The J 1
total reduction factor becomes than: Qf,wj

YRV, Ve Yy Vg (24) W
The reduction factora will be described in the next amections. :&? d?
.4 . N :fff

4 3: Rugu/H =3y N U:

2~ - ' ! 5 g}

S 0 T I

52 [
o
2 {
3

g °f b =<

a - I _ N
2 4f Ruz%/Hs—J.syeqp o ¢
2 | 3 O =

. o, O

0 [ A L L i L 1 L 1 L L L L. 1 L 1 L 1 i ] . ‘

9} 1 2 3 4

surf similarity parameter £op <

Fig. 16. Wave runup on slopes 1

HERHS, ROUGHEERSS AND SHALLOY WATER

About 150 tésta were performed in a wave flume on amcoth slopes of 1:3
and l:4. Berms with various lengths and depths were teated, Various rough-
ness alementsn were placed on a 1:3 slope, such az cubic blocks, ribs and one
layer of rock. Finally the effect of depth limited waves {which do not fol-
low the Rayleigh distribution) on 2 foreshore was studied.

Covering Reductionfactor Ye
Smooth, concrote, asphalt 1,0
Imparmeablie smooth block revetment 1,0

Graas : 0,90 - 1,0

1l layer of roek ‘ 0,55 - 0,60

2 layers of rock _- s 0,50 ~ 0,55
Ribs. k/Hu =%,12 - 0,19 en and 1/k = 7 (optimum) | 0,60 - 0,70

Blocks on omooth slope. Height fh’ width»fb

fhlfb Eblﬂs surface covered

0,88 T 0,12 - 0,24 1/25 0,75 - 0,85
0,88 42 - 0,19 1/9 0,70 - 0,75
0,44 0,12 - 0,24 1/25 0,85 ~ 0,95
.0,88 0,12 - 0,18 1/25 0,8% - 0,95
0,18 0,55 - 1,10 1/4 0,75 ~ 0,85

Table 3. Reduction factors Yg for runup on slopea including roughness

The reduction factor for berms y, can easiest be described by using an

equivalent slope. This slope is simp?y a straight line between gointa on the it .
slope 1.5H_ below and above the slope. The testa on roughness résulted in a .
table with reduction factors ¥, for various rough slopes and can be seen as
an update of Table II.5.5 in TA& {1974) or the similar Table 7-2 in the
Shore Protection Manual (CERC, 1984). Table 3 ghows this update (now with
random waves)}. The influence of depth limited waves on runup can be descri---
bed by Y ™ szll.kﬂs. For a Rayleigh digtribution of the wave heights Yy
becomes 1, .

'

Ty
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‘EM 1110-2-1100 (Part V1)
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Tabte VI-5-12
Overtepping Formula by Pedersen and Burcharth (1992}, Pedersen (1996)

Rock armored permeable slopes with a berm in front of a crown wall, Figure VI-5-14c.

Irregular, head-on waves.

@n_ gy go0s ()] _I2_
L. R,/ A:Bcoto

Notiational permea.bilitly P=04.

TESTED MODELS v
maesuras in em B=18- 36
10- ig
Rg=11-37 ) 15-38
Ag=11-19
SWL
118 Gaotaxtiis
§1-59 TEET, 1 Coarsé sand
4
G Tom TEST RESULTS
] L S
a .
8 A

. oq(Vi-5-27)
2 |
a 4

-~ 0 2 4 8 8 160

(VI—5-27)

Parameter rmnges:
He= 0.10-0.18m
Tom = 1.07-1.84 5
Top ! Tom =1.13
fom= 1.1-51
Som = 0.02-0.08
Re/Hg=0.7 - 3.6
Hs/Ap™05-17
Ag/B=03-1.1
coto = 1.5-3.5
No of waves > 5,000 por test

H?2

FYLITE
et 3.2:105( ) L
”:) Ac B cot®

Some conservative bias of Eq VI-5-27 for small values of gis observed.

VI-5-28

Fundamentals of Design



Box 11

Noaw dot Meexr 1CCEF2 S.C.

COMCEPTUAL DESIGN OF RUBBLE MOQUND BREAKWATERS

Box 3 GOvertopping discharges

Limiting values of § for different design cases have been
suggested, and are summarised in the figure below. This
incorporates yecommended limiting values of the mean dis-
charge for the stability of crest and rear armour to
types of sea walls, and or the mafety of wvehiclesg and
people.

1000 1000
100 100
/‘\
@
3
= .
S 10 10
e
o
&
~
o 1.0 1.0
5
L
T
O
0
0 0.1 - 0.1
0]
=
a
[0l
o
o 0.0 — (.01
23]
=
O
=
& ‘.
= 0.001 Coa S L oA Thooot
.  Wet, bus 1ot ) ' i R
if “mincemforizbie O CoL
[ " " [ No damage R BRI
0.000 71— R : 0.0001
Vehiclss | Pedestdans| Buildings | SMbankment | Revetment
seavalis saavralls

SAFE OVERTOPPING DISCHARGES
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Hydraulic aspects 123
GrRAFICO SoLe NDCATIVO . Mo commne L
40 P
3,0 1
3 Non impact
L 20
m
1,0 4 Impact region
0.0 ¥ T . T . -
-1.0 -0,5 0,0 0,5 1,0
- AH,
Figure 2-33. Definition of shock impact and non-impact rcgi‘ons (empirical),
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J Table VI-6.60

Ho'rizont_gj Wave Force on Concrete Caps {(Jensen 1984; Bradbury et af. 1988)

3 where  Fioam

f ' prbability:

! pu Muss density of water

: B Crown wall height
Ly Deep :
H, Significant; ght in &
4e irtic :
o,

j B

blocks

\MPACT

Herizontal wave force per rinning mheter of flie wall ¢orresponiding to 0.1% gxceedence

(VI—5-186)

vavelength corresponding to-peak wave period.

akwater

L i thee crest of the atmor ber

ptel 495
Bu=3.0

KD

<

1-7t rounde
slones

Cross section A

Cross seclion B

Cross section C

0.065

0.165
' Ac=0.1

Cross section D

0.15
(0.165 [(0-088 b=l
-
Ae=0.14 b =0.11
L=

Impermeable

All measures in mmelers.

Impermeable

\ Rock armour

-~
Cross section E
0.15
(Ac=0.18 o
) r0.015
0.165 b, =011
P —
Impermeable

() Jensen 1984
(Z ) Buadbiw cdald 1383

Cross Parameter ranges in tests 0.1% exceedence values
section of coefficients in eq.
Ac (m) Sop = 'EI%’; %:' a F
A (1) 5.6 — 10.6 0.016 - 0.036 0.76 — 2.5 -0.026 0.051
B (1) 1.5- 3.0 0.005 - 0.011 0.82 - 2.4 -0.016 0.025
C(2) 0.10 0.023 - 0.07 09-21 -0.038 0.043
D (2) 0.14 0.04 — 0.05 1.43 app. 65% of values for C
E (2) 0.18 0.04 - 0.05 1.11 app. 25% of values for C
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Figire 2-33. Run- -up paramelers Ay-end B, (after Losada; 1992).
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In their- cxpcnments Martin et al. (1995) provcd that the law of pseudohydrostatic
préssures is linear and equal to ppg, where g is a factor of 1 or less. They propose

the following expression to caloulate pseudohydrostatic pressures

P, (z) ppe(S+A,-z) foundation ofthecrown wall<z <A, 48  (8)

Thet experimental results for the evaluation of the p parameter are shown in figure -Ii‘i L
3. Tt is evident that u depends on the number of armour units which make up the

betrit width, n, and on the steepness of the wave,
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Table V1-5-61
Hortzontal Wave Force, Uplift Wave Pressure and Turning Moment on Concrete Caps (Pedersen 1996)

| 5%

Ruors ﬂ

Ag Arﬂw

A oe Ay
SwWL ;
A
it
Covta. {Z 4. .
6% l le; 5 c:qodo Ld«boi«!&‘hf-‘&/;
L
Fhoam = 0.21 ;3"‘ (1.6pmy¢ fF o+ APT”"H (VI-5--187)
Mosy, = axXFuoan = 055(h + Yess)Froan {(VI-5-188)
Prpan = 1.00 Apn ’ (VI-5-—189)
where  Fyoam Herizontal wave force per running metoer of the wall corresponding to 0.1% exceedence
probability
Moam Wave generated turning moment por running ineter of the wall corresponding to 0.1%
exceedence probability
Dy,0.1% Wave uplift pressure corresponding o 0.1% exceedence probability
Lom Deepwater wavelength correrponding to moan wave period
B Berm width of avmor layer in front of the wall
P Dm = Pul.‘]{Ru.IJ. 1% — AC)
RByoamn Wave runup corresponding to 0.1% cxceedence probability
_ fL12H,  tm <15
Rum.l% e { 1'3‘LHIC%55 c-m > 15
(e = tanarfy/ H,/Lom
o Slope angle of armor layer
A Vertical distance between MWL and the crest of the armor berm
A A = min{l2/Ar, 1}, where A1 and Az are areas shown in the figure
Yeis Yers = min{y/2, f}
R, 0., —-Ac Ul
y= %‘ co:zzlslﬁu) y>0
y=0
iy Height of the wall protected by the armor layer
fe Height of the wail not protected by the armor layer

Unecertainty of the formulae factor in the formulae 0.21 1.6 0.55 1.00
standard deviation &  0.02 0.10 0.07 0.30

Tested range: See Table VI-5-12

WVI-5-160 Fundamentals of Design
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Box 20

HARBOUR SIDE i

NOTE: A~ STONES: LAAGE IELECTED QUARRY STONES MEE’TING ETONE WEHMWNT AEQUIAEMEMTS.
B- STONES : CUARRY RUN MEETING SPECIAL GRADATION REGU UIREMENTS

Fig. 1. Principles of a Berm Breakwater.
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