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Abstract. A groyne is a shore protection structure built perpendicular to
the shoreline of the coast (or river), over the beach and into the shoreface
(the area between the nearshore region and the inner continental shelf), to
reduce longshore drift and trap sediments. A groyne field or system is a
series of groynes acting together to protect a beach. Concret is often used
as construction material.

On the basis of analysis of wave suppression efficiency and stability on the
slope of more than one hundred existing shaped massives the new type of
coast protecting reinforced concrete blocks — so called “Hexablock”
(“Hexablock” was called because of its 6 facets) characterized with higher
wave suppression properties, interlocking capacity, stability on the slope
and longer life time is proposed.

1. Introduction

At the last years we are observing change in global mean sea level. This causes an increase
in the erosion processes of the coasts.

Detached concrete blocks aim to protect a coast or activities along the coastline (e.g.
ports, ship wharf) from wave action. In general terms, a detached breakwater is a coast-
parallel structure located inside or close to the surf-zone. Several types of breakwaters exist,
from which detached breakwaters are the most common type. This article provides a
general introduction of detached breakwaters and describes emerged breakwaters,
submerged or low-crested breakwaters, floating breakwaters and other special type
breakwaters. Different aspects of breakwaters as coastal protection are discussed, as well as
their impacts on shoreline evolution.

Consideration of many factors stipulating development of the process is so difficult that
the problem of modeling the real wave streams and their interaction with the coast
protecting structures is not fully studied yet. According to the world practice of reservoirs
bank protection methods the most efficient one is with shaped concrete blocks.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).


mailto:author@email.org

E3S Web of Conferences 97, 05050 (2019) https://doi.org/10.1051/e3sconf/20199705050
FORM-2019

2. Shore protection against of sea erosion

Over the period from January 1993 to May 2017, seas level has risen with a rate of about
3 —4 mm per year, which translated to a global increase in mean sea level of about 8 cm.
[1] (Fig. 1). This process is the result of global warming. The level sea in the Baltic Sea has
risen average 10.6 cm, in the last 100 years. [2] An increase in the erosion processes of the
sea coast is observed. [2, 3]
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Fig. 1. Global sea-level rise (mm) since 1993 [1]

In the Baltics and Black Sea coastal zones, sea level has risen, with most areas showing
trends of between 3 — 4 mm per year. [4] (Fig. 2)
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Fig. 2. Horizontal spatial distribution of mean sea level trend in European Seas
(January 1993- December 2015) [4]


https://climate.nasa.gov/vital-signs/sea-level/
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These phenomena require intensification of activities that may reduce the erosion
processes of the coastlines. One of such activities is the improvement of the groyne
structure, which is designed to weaken the action of sea waves on the shore.

According to the analysis of more than one hundred relevant research works it has been
determined that among the used shaped blocks the most popular are shaped blocks, (Fig. 3).
[5-8]

a) Tetrapod b)  Dolos

Fig. 3. The most popular types of shaped blocks

In Georgia shore protection concrete blocks (tetrapods) is used only embankment of
river Liakhvi to protect the main road, on the coastal zone of Black Sea, North - on the
coastal of Anaklia port under construction and South - to Sarphi border. In Poland,
tetrablocs are used, among other things, for securing the sea coasts of the cliffs, entering
ports and reinforcing breakwaters (Fig. 4).

Baltic Sea, Poland River Liakhvi, Georgia

Fig. 4. Offshore braekwater tetrapod blocks [9]

With a view to rise wave suppressing capacity of shaped blocks, their interlocking
properties, stability at the shore line and the longer service lifetime the new type of shaped
block the “Hexablock” in particular is proposed, (Fig .5) [10, 11].

Today, many scientists are working on creating similar massive coastal defensive figures
[12-15], but we will present a characteristic of our hexablocks, which is different from
other shaped blocks.

3. Calculation method of “Hexablock” stability

The “Hexablock” weight that will ensure its limit equilibrium at the slope is determined by
the approbated universal dependence. With a view to rise wave suppressing capacity of
shaped blocks, their interlocking properties, stability at the shore line and the longer service
lifetime the new type of shaped block the “Hexablock™ in particular is proposed, (Fig. 5)

[8].
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Fig. 5. The diagram of new type shaped massif — “Hexablock””

3
Mo 0,0165pbh1% 7»1% (1)

(pb —1,02)3Ctga h]_%

where:
P is the density of block material (t/m?), his, A, are the height and the length of 1%

provision wave (m); o — is the bank slope angle; p = 1.02 is the density of the Black Sea
water (t/m®).

If to assume for a first approximation that the height of natural scale “Hexablock”

I hl%

~
~

nat 3

where:
hi4 is the height of 1% provision wave at the coast line, when

py 2.4 (m), %:10, ctgo =3 (o = 18°),

then the true weight (P,s) of “Hexablock”, the weight securing its stability on the slope
(Mnay) and the model values (Nmod, Pimods Mmod) Will be summarized in Tables 1, 2 and 3.

Table 1. The values of “Hexablock” actual (natural scale) and model design characteristics
(for small chute 10.0x0.3x0.7 m; a.; = 30)

Hratm/Nmoam | 5.00/0.16 | 5.70/0.19 | 6.90/0.23 | 7.50/0.25 | 8.10/0.27 | 8.40/0.28 | 9.00/0.30

Prat/Pmoasikg | 1.70/0.06 | 2.10/0.08 | 4.50/0.17 | 5.50/0.21 | 7.10/0.26 | 7.80/0.29 | 8.00/0.30

Mhpa/Mmoaikg| 1.80/0.07 | 2.20/0.08 | 4.60/0.17 | 5.90/0.22 | 7.40/0.27 | 8.00/0.30 | 8.30/0.31

Drat m/dmosim | 0.40/0.010 | 0.45/0.015 | 0.55/0.018 | 0.60/0.02 | 0.65/0.022 | 0.68/0.023 | 0.73/0.024

Snat, m/Smoa,m | 0.52/0.017 | 0.63/0.021 | 0.75/0.025 | 0.83/0.028 | 0.90/0.031 | 0.95/0.032 | 1.0/0.033

Lrat, m/lmoam | 1.69/0.05 | 1.90/0.06 | 2.30/0.075 | 2.50/0.08 | 2.70/0.09 | 2.80/0.09 | 3.00/0.10
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The said values were received by the hydro-technical laboratory of Water Management
Institute of Georgian Technical University at the following installations: the large hydro-
wave chute 50.0 m long, 0.75 m wide, 1.5 m deep; the small hydro-wave chute with
dimensions 10.0x0.3x0.7 m; the small wave basin 7.0x7.5x1.1 m and large wave basin
30.0%40.0%2.0 m.

Table 2. The values of “Hexablock™ actual (natural scale) and model design characteristics
(for large chute 50,0x0,75x1,5 m; a_, = 13)

Hratm/Nmosm | 5.00/0.39 | 5.70/0.44 | 6.90/0.53 | 7.50/0.58 | 8.10/0.62 | 8.40/0.64 | 9.00/0.70

Praut/Pmosikg | 1.70/0.77 | 2.10/0.96 | 4.50/2.00 | 5.50/2.50 | 7.10/3.20 | 7.80/3.50 | 8.00/3.64

Mhat,Mmodikg| 1.80/0.80 | 2.20/1.00 | 4.60/2.10 | 5.90/2.70 | 7.40/3.40 | 8.00/3.64 | 8.30/3.80

Drat, m/dmod,m | 0.40/0.030 | 0.45/0.031 | 0.55/0.042 | 0.60/0.046 | 0.65/0.050 | 0.68/0.052 | 0.73/0.056

Snat, m/Smog,m | 0.52/0.040 | 0.63/0.050 | 0.75/0.060 | 0.83/0.070 | 0.90/0.070 | 0.95/0.073 | 1.0/0.077

Lrat, m/lmosm | 1.69/0.13 | 1.90/0.15 | 2.30/0.18 | 2.50/0.19 | 2.70/0.21 | 2.80/0.22 | 3.00/0.23

Table 3. Values of “Hexablock” actual (a_;scale) and model design characteristics
(for spatial basin 7,0x7,5x1,1 m; a,3=17)

Hnaum/hmoam | 5.00/0.29 | 5.70/0.34 | 6.90/0.41 | 7.50/0.44 | 810/0.48 | 8.40/0.49 | 9.00/0.53

Prat/Pmodikg | 1.70/0.35 | 2.10/0.43 | 4.50/0.92 | 5.50/1.12 | 7.10/1.44 | 7.80/1.58 | 8.00/1.63

Mhat,'Mmoakg| 1.80/0.37 | 2.20/0.46 | 4.60/0.94 | 5.90/1.21 | 7.40/1.51 | 8.00/1.62 | 8.30/1.70

Drat m/dmosim | 0.40/0.020 | 0.45/0.030 | 0.55/0.030 | 0.60/0.035 | 0.65/0.038 | 0.68/0.040 | 0.73/0.043

Snat, m/Smoa,m | 0.52/0.030 | 0.63/0.040 | 0.75/0.045 | 0.83/0.048 | 0.90/0.050 | 0.95/0.060 | 1.0/0.061

Lrat mflmeam | 1.69/0.09 | 1.90/0.11 | 2.30/0.132| 2.50/0.15 | 2.70/0.16 | 2.80/0.17 | 3.00/0.18

Under equal values of factors appeared in the stability equation of “Hexablock™ (1), its
stability parameter (M) is of higher importance in comparison with Dolos and Tetrapod
(Fig. 6).
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Fig. 6. Dependence of stability parameter (M) on the wave height for different blocks:
1 —“Hexablock” (by formula 1), 2 — Dolos, 3 — Tetrapod

4. Final results calculation of “hexablock’s” wave suppressing
effect

With a view to determine wave suppressing effect of hexablock the height of waves rolled
up the smooth slopes was compared with the fill of hexablocks (fig. 4).
Thus, dependence of waves height rolled up on the slope with hexablocks filling is as:

hrun up.hex = hl% SV A’l% /hl%mi1 (2)

So, the comparison of numerical values of waves height rolled up on the smooth slope
and the slope with hexablocks filling has proved considerable wave suppressing property of
the latter (Fig. 7).

For the laboratory study of hexablock being under influence of regular waves it is
necessary to observe the law of mechanic similarity that assumes presence of geometric,
kinematic and dynamic similarities and similar boundary and initial conditions as well.

According to the dimensional analysis [17, 18] the characteristic parameters that
determine physics of the process will be:

— parameters describing mechanical system: L (m) — geometric dimensions, M
(kg'sec’ m™) — mass, K (kg'm™) — factor of rigidity;

— parameters describing the medium: p (kg'sec’m™) — mass density; g (m-sec?) —
acceleration of gravity force; v (m?sec™) — kinematic viscosity coefficient; Hy, (m) — depth
of water;

— parameters describing disturbance: t (sec) — the period of disturbing force, 6A (m) —
linear amplitudes of constrained oscillations, v (m-sec™) — the maximum velocities of liquid
particles in troubled water.
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Fig. 7. Dependence of waves run up height on the smooth slope and hexablocks filling on the angle
of waves, slope gradient and height of waves:
Smooth slope 1) a = 5° (ctga = 11); 2) Universal curve; 3) o = 30° (ctga = 1.7);
1%, 2, 3 - ditto with hexablocks filling

According to “a” theorem the dimensionless quantities sought will depend on
dimensionless combinations by:

v . K .
Froude Fr=—2_=idem; Reynolds Re:;:|dem; Newton Ne=m=ldem;

JoL
m pv

Struchal Sh:%:idem; Koshi Ch:pE = =idem; Eiler E, = p/ pv* =idem,

where Eu (kg-cm™) is modulus of material elasticity, p (kg/cm™) is the pressure drop.

Among the said six dimensionless criterions the determinant is Froude criterion, which
is stipulated by identity of gravitation forces at the model and in nature [6].

Recalculation of hydrodynamic laboratory characteristics to natural up to the zone of
waves collapse, when the process runs in auto model zone, is made under consideration of
the linear scale of modeling (o = Lnaf/Lmog)- After the zone of waves collapse where auto
modeling is not detected)) the height of run up waves and pressure are calculated with the
scale correction factor (K = 0.75) (tab. 4).

Selection of model and natural parameters of waves depends on their maximum possible
values in model or observed in nature. In the small chute (10.0x0.3x0.7 m) wave
parameters were changing — h=0.050.2m, A=04+1.2m; In the large chute
(50.0x0.75x1.5 m) wave parameters were changing h =0.05+0.45m, 1 =0.4+3.1m,
t=0.5+7.5 sec; In the spatial 3 dimensional basin (7.0x7.5%1.1 m) wave parameters were
changing—h =0.15+0.35m, A =1.2+3.0 m, t = 1.8+2.4 sec.

According to the maximum values of natural and model wave characteristics the
following scales were assumed: for small chute a,= 30°, for large chute a, = 13° and for the
spatial basin —a_ = 17°.
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Table 4. Recalculation of natural hydrodynamic characteristics to the lab ones needed under study of

hexablock according to Froude criterion ( Fr =

v

T

, g =idem, p = idem)

Scale linear factor Model quantities | Model quantities in waves run up
Physical quantity | e =Ln/Ly, (H-natural, | before the zone of and failure zone with allowance
M — model) waves failure for scale factor K=0.75
h (wave height) a,=a =h_/h, h,=h,/a h,=h,/a
A (wave length) a,=a =4,/ A = A 18, A=A 18,
Hp, (water depth) a=a =H_/H_. | H., =H..,/a H.oo =H.,/a
l(riejaglsock heigh) | & =3 =l [ s =1 /3, s =1 /3,
Q (area) a,=a,_ o, =w,la’ o, =w,la’
W (volume) a,=a’ W, =W_/a’ W_, =W_/a’
e SV T LD e =2, AR LS AR LS
t (time, period) a=a'" t, :Vﬂa‘/\/a_L t.=V./ ‘/a—L
o (linear velocity) a, =a"” V=V, /‘/E vV, =V, /‘/E
a (angles) a,=1 al, =a, al, =a,
M (mass) a, =a’ M, . =M_/& M, ., =M_/&
F (force) a, =a’ F.=F./& F.,=F./&
&or (pOrosity) a, =1 Epormoa = Epor Eroproa = Engp
P (pressure) a,=a, Pu.=P.la Pw=P./2 K

* [ = 3.0-S — the most efficient dimensions of hexablock from the point of view of wave suppression,
block stability on the slope and simplicity of construction (Fig.5).

So, under the maximum height of waves observed at the coastline h,; = 6.0 m the
maximum model value of waves height in small chute_(dims: 10.0x0.3%0.7 m) hpeg =
0.2 m with corresponding scale factor o, = 6:0.2 = 30. In large chute (dims: 50.0x0.75x1.5
M) hpog2 = 0.45 m, scale factor o, = 6:0.45 ~ 13. In spatial basin (dims: 7.0x7.5x1.1 m)
hmegz = 0.35 m, scale factor a3 = 6:0.35 ~ 17. Then the efficient height of hexablock in
small chute |41 = 20:3 = 7 cm, in large chute loq = 45:3 ~ 15 cm, in spatial basin lyoq3=
35:3 ~ 12 cm (According to the world practice it is assumed that the minimum height of
hexablock in first approximation equals one third of the wave height). So, to specify the
efficient height value of hexablock corresponding model studies must be carried out.

As opposed to open seas where multi-meter difference is observed between high and low
tide levels, this difference in the Black Sea region of Georgia is only upto A~ 0,5 mas it is
a closed sea (Fig. 8) and a wave height is up to 5 m, (Fig. 9) [19]. Therefore, here figurative
blocks can be placed in the most critical zone of waves, i.e. in the depth of 1,5-3,0 m and as
for abrasive banks of water reservoirs, figurative blocks are placed on the areas which are
mostly subjected to wash-off, i.e. on the benchmarks of normal pounding or forced levels of
reservoirs where the highest waves are observed.
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Fig. 8. Variation of level between high and low tides of free surface
of the Black Sea near the coast [19]
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Fig. 9. Curves of variation of wave amplitude and height in the estuary area [19]

5 Conclusions

On the basis of study of different shape massives used for protection of washed out
banks of sea and reservoirs the procedure of experiments carried out in the
hydraulic chutes of various dimensions was worked out at the Institute of Water
Management of the Georgian Technical University. The new type of “Hexablock”
the efficient wave suppressing reinforced concrete shaped massif that is stable at
the slopes is proposed.

The “Hexablock” we created is different from other arrays:
« higher wave breaking effect;
* inter-coupling with widened corners;
« high-through effect of the mound;
+ low mass;
» material savings.

Using the universal formula, is calculated the limiting equilibrium on the slope of a
“Hexablock” taking into account the minimum allowable weight.
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