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NOTE 1: Phase difference between presure
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Fig. 18. Number of Balls Necessary to St-
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Slope Characteristics
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Table-1. Results of Friction Tests

Angle of
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layer (1) in de(g)rees 3) O) (5)
(@) Uneven Surface
Linen 59.5 Stone/lin- | + little
sheet len more
| even(—)
Directly 52.7 Stone/ 0 0
on filter Istone
: Stone/ more
fﬁgziw 43.6 iplastlc even
(&) Smooth Surface
Wooden 37.6 |Stone/ -+
plate wood
Perforated 35.2 |Stone/ 0
metal metal
plate ’
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Consider as example g=0.1, sota=2. F, incr.
eases and is maximized for ball No. 8, F=const
for K>8.

_1 1—@QN+Du
Fyoy= ) G cosa i u(=1)¥
Fig. 19. Calculation on Internal Stahility

140g cover blocks

25g filter blocks
glued to plate

Tn test series(16) the angle of repose, for dry
conditions, was found for different friction
-conditions (by means of an intermediate layer)
between filter and armor layer. The results are
shown in Table 4.

Fig. 20. Cross Section of Model,
D...=Angle of Repose
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Table-2. Angle of Repose of Individual Spheres on Fixed Bed of Uniformly Sized Spheres
of Diameter, K=0.1 in, (0.25 mm)

Particle Size, D, in inches (millimeters)

Data 0.035 0.05 0.07 0.1 L4 1 20 2.8
(0.088) (0.125) (0.175) (0. 250) (0. 350) (0. 500) ©.710)
M ) €)) O ®) ©) ) ®)
&, in degrees 72.4 61.1 52.5 48.6 38.5 | 357 29.0
og, in degrees 16.9 52.5 14.0 18.5 19.0 15.8 9.7
tand 3.152 1.804 1.303 1.134 0.795 0.719 0.554
D/K 0.352 0. 500 0. 700 1.000 1. 400 2,000 3.000
_ @ Crushed Quartzite (immarsed)
¢ \ ¢ Crushgd Quartzite (dry)
% 4 ? ‘ @ Nearshore sand (immersed)
\ B o Nearshore sand ryd
¢ @ Spheres (mmersed)

O Spheres (dry)

. Re243mm o Ke 2

v = Veight of armor loyer
= Ciametes of armor layer

K = Ciamerer of sub layer

0562 04 06 08 [0 12 14 16 I8 20 22 24 26 28 30 32

o/K
L | | A
o 125 17 zi5 27
W% Ws o e Yo

Fig. 21. ¢ as Function of D/K Ratio
(1. mm=0.04 in.)

Table-3. Popular Weight Ratics in Rubble
Mounds and Corresponding Ratios
between Diameters in Armer and
Sublayers, ¢ and tg¢(Approxima-
tely), for Crushed Quartzite

Weight Diameter o, tgd
ratios ratios |in degrees
Q) @ ©)) (C))
W to W 1 70 2.75
W to W/2 1.25 65 2.1
W to W/10 2.15 55 1.4
W to W/20 2.7 50 1.2
W/2 to W/10 1.7 60 1.75
W/2 to W/20 2.15 55 1.4

onils diameter of sublayec (emy

K =Chorocreniit iz
Number of Contact Points between
Stones versus Grain Diameter(l cm
=0.39 in.)

Ve ]
e fe S jw

0o 0 30

Fig. 23. Relation between fg¢ and D/K

Wst W/10% Areld) W/2%-& (st
o] @k 0.8/0.7~1.15°] o},

F A AE W/V/10)e At BER 0.7 4
dE (K49 HBR) W/Wd detd & tg¢r} 1.1
ol BEETFA ok gt

W2 W/WI0 7o W/2Es iEstEs Ao
HpEs = ek, s MEe o9& 2EY B
E g} oF @t

(1) EBez Wty KHste BkEN: B BE
B f(REAE ¥,

(2) BEsE A BB BEEDA A8 X
WIRIERC] WEEE =x =
o g @ AL vlFE D9 BEE 47
A &g FAA Fgelt,

ol g3 Rl A w&tE ofH-L #ine mlkiE

el 3] BAHHF REAE@ TAA 22tk o

BEE

of
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Table-4. Popular Weight Ratios in Rubble
Mounds and -Corresponding Ratios
between Diameters in Armor and
Sublayer, ¢, for Spheres Accord-
ing to Figs. 21 and 23

Weight ' tgd
ratios
M Fig.21 (2) Fig.23 (3)
W to W 1.2(50)* 1.1(48)
W to W/2 1. 05(47) 0.95(43)
W to W/10 0. 85(40) 0.7(35)
W to W/20 0.7(36) 0.6(31)
w/2 to W/10 0.9(38) 0. 8(3%)
W/2 to W/20 0. 85(40) 0.7(35)

*Values in parentheses are ¢.

Table-5. Relationship between Wave He-
igth and Angle of Repose

Failure wave

Data height for rerr;glefgi
spheres, in P
: inches guadrry stone,
M (millimeters)| 1 4€8IE8S
6

Perforated steel Hy=3.6 ¢=35.2

plate (90)

Plastic sheet Hy=3.8 ¢=43.6
(99)

Directly on Hs=4.0 $=59.5

sublayer (100)

6. {AFREE

Ref. 5ol 4 28] ROFE vhel o] B ted
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KT A iR $Ee 2ole KEd Bug
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Bl Bl EalRs gsts Ao AEE At

Kool e a5l wet & Rk (surge), ¥
# (transition) R (surf)Z @HT 3R

o
FLT HEHES rof. 5o Raesich

‘brecker distance 1" ]
' o ——— e

MI\LW«,\'W

shelf step

Fig. 24. Typical Step Profile

weaan tokitized breokwater profile, fi-. 6
-~
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Fig. 26. Stabilized Breakwater Profile
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g 71 €724 B 1:39)ch, Run-ups} CEel N #
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The “false’ beach, BC, evolves a new breaa
king point at C, which reduces run up plunging
waves and out of phase damping (¢,/T/2)).

Tne impervious layer, FE, prevents inflow
above point E which reduces the build up of
hydrostatic pressuret in the mound. The imper-
meable layer, GH, prevents backwach-outflow
to be concentrated at the breaking point, where
the external forces are maximized.

The Steep slope, CD, makes the backwash.
incipient breaker interaction less violent and
further separates backkwah the retreating
velocity field in the toe of the breaking wave.

The breakwater slope 1is divided into three
zones, each with its characteristic block-prope-
rties. This results in more evenly exposed str-
sutures which increases safety against failure.
In all cases however, some flexible interlocking
effects is very significant.

Fig. 28. Optimalization of Breakwater Pro-

perties
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