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ABSTRACT

With large areas of water reservoirs and lakes, the wave runoff distance is also large, resulting in the high
waves in the wind blow direction. These waves intensively disrupt the coast of the lake or water reservoir.
Another intense factor of coastal erosion is ice. A lot of engineering measures for the coastal protection
of reservoirs and especially for lakes are used: reinforced concrete slabs, blocks, jibs, cellular systems
(geosynthetics), etc. An eroded coastline, reshaped by installing a coastal protection structure using gabion
construction, is analysed in this research. Gabions are designed to protect banks and slopes from fast water
flow (water speed over 5 m-s™') and ice impacts. They are designed according to geotechnical principles,
assessing stability according to the limit design situations specified in Eurocode 7 (EN 1997-1). The aim of
this work is to illustrate the features of wave and ice loads and geotechnical design situations evaluated in
the design of a coastal protection structure made of gabions.
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INTRODUCTION

The coastline shows constantly varying nature due
to tidal effects and changes in wind and wave cli-
mate. Sediment movement, erosion and accretion are
responsible for changing the morphology of coastal
area. Human activities/interference is also respon-
sible for changes in the coastline (Kudale, Kudale
& Kulkarni, 2021).

With large areas of water reservoirs and lakes,
the wave runoff distance is also large, resulting in
the high waves in the wind blow direction. These
waves intensively disrupt the coast of the lake or
water reservoir. The wave forces are dominant and
decisive in the design of coastal structures. Struc-
tural stability as well as functional performance of

a coastal structure depends on design wave condi-
tions (Kudale & Bhalerao, 2015).

An integrated coastal engineering numerical
model is presented by Karambas and Samaras (2017).
The model simulates a linear wave propagation,
wave-induced circulation, sediment transport and
bed morphology evolution. The assessment of wave
energy dissipation on the three barriers was executed
using two approaches — ordinary dean functions and
the concept of monotonic approximate seabed pro-
posed by Rézynski (2020) and by Roézynski and
Cerkowniak (2022). Coastal protection structures
influence on diffraction and reflection of waves sim-
ulation based on 3D wave hydrodynamics model is
presented by Sukhinov, Chistyakov and Protsenko
(2021).
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Another intense factor of coastal erosion is ice
(Labuz, 2015). Some researchers (Smith & Houser,
2022) think opposite — ice cover reduces erosion
during the winter months by limiting fetch across
the lake and creating a protective ice foot at the
shoreline.

The effect of an ice cover depends on many fac-
tors: the length of the ice field, the thickness of the
ice, a layer of snow, the temperature of the ice and
the rates at which it is expanding and shrinking,
the coefficient of friction against the material of the
structure and soil, the mechanical properties of the
ice and the shape of the water body and structure.
An ice cover may exert the following actions against
inclined structures: static pressure due to continuous
thermal expansion as a result of a temperature rise in
the ambient medium, the dynamic effect of floating
ice blocks and a breakaway effect when the water
level changes.

Coastal protection generally refers to the protec-
tion of people, infrastructure and other assets from
the negative consequences resulting from flooding
(high water levels and/or wave overtopping) and
erosion (Moller, 2019). A lot of engineering mea-
sures for the coastal protection of reservoirs and
especially for lakes are used: reinforced concrete
slabs, blocks, jibs, cellular systems (geosynthetics),
etc. Dikes may also be constructed from various
materials, most commonly: geosynthetic tubes,
geo-cells, reinforced concrete, boulders, steel, or
gabions (Razali et al., 2023).

Coastal protection based on ecological engineer-
ing provides a new concept of resisting coastal zone
disasters (Luan, Li, Chen, Geng & Liu, 2020).

Innovative technical solutions for the devel-
opment of bioengineering systems combined with
gabions are presented by Kurbanov, Sozaev, Shog-
enov & Karshiev (2021).

This paper focuses on coastal protection struc-
ture made from gabions. Gabions and mattresses
assortment is useful as an integral part of shore
fortification and protection, the river bed and slope
lining structures. Modern box gabions consist of
rockfill material enlaced by a basket or a mesh,
shaped like a rectangular box (Chanson, 2015).
Gabion type retaining structures constitute one of
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the most economical and efficient solutions for
stabilization of natural ground slope. Gabion walls
are also preferred for the efficiency of the drainage
instead of gravity walls. As a construction mate-
rial, the advantages are their stability, low cost,
flexibility and porosity (Toprak, Sevim & Kalkan,

2016).

Gabions are extensively used for earth retaining
structures as well as hydraulic structures: retaining
walls, bridge abutments, wing walls, culvert head-
walls, outlet aprons, shore and beach protection
walls, temporary check dams (Cherkasova, 2019).

Gabions participate in the formation of ice condi-
tions and generate icing problems. For example, an
ice-stone mass with a certain porosity and strength
properties, which creates favourable conditions for
the floating and shifting of the gabions, separation
from the basic ice mass, interaction with ice lay-
ers and attrition by the moving ice, is formed when
the gabions are frozen into ice. Structures formed
by gabions should be able to resist against different
types of ice loads. The artificial measures to increase
ice thickness and thin gabion mattress in the context
of climate warming were explained by Chunjiang
et al. [s.a.].

The assessment of the technical conditions of bank
protection in Poznan on hydrotechnical structures are
presented by Hammerling, Walczak, Walczak and
Zawadzki (2019).

Numerical modeling of failure mechanisms in
articulated concrete block mattress is presented by
Safari Ghaleh, Aminoroayaie Yamini, Mousavi and
Kavianpour (2021).

The aim of this work is to illustrate the features
of wave and ice loads and geotechnical design situ-
ations evaluated in the design of a coastal protection
structure (made from gabions) in lakes.

The following research tasks were define:

— calculation of the wave and ice loads and evalu-
ation of design situations for design of a gabion
retaining wall for shore protection;

— checking the stability of a typical gabion retaining
wall in case of overturning and sliding;

— evaluation of the strength of the gabion retain-
ing wall base according the loss of load-bearing
capacity.
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MATERIAL AND METHODS The reinforced concrete retaining wall was
installed for shore protection. The existing retaining
wall has serious problems: as a result of a washed

The object of investigation foundation plate base, the retaining wall has lost sta-
Construction site of the designed structure is located  bility, settled unevenly and ruptured (Fig. 2).

in the Meteliai village, Seirijai eldership, Lazdijai It is suggested to demolish reinforced concrete
district municipality (Fig. 1). retaining wall and replace it by newly designed

£ZEMeiapis jurnorome v

© Autoriy teisés www.geoportal.lt/copyright

Fig. 1. The eroded coast of the lake Meteliai

Source: © Geoportal.lt.

Fig.2. The deformations and deteriorations of existing reinforced concrete retaining wall

Source: photos by the authors.
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retaining wall made of gabions. Gabion elements
are preferred because of their flexibility, permeable
nature, low costs, environmentally friendliness and
aesthetically pleasing nature in comparison with grav-
ity retaining walls (Toprak, Sevim & Kalkan, 2016).
Recycled materials (crushed concrete from exist-
ing wall) can be placed into the gabion cage. The
use of crushed concrete (large grains) can be applied
as filling of mattresses or gabions (Fiske, 2014;
Kawalec, Kwiecien, Pilipenko & Rybak, 2017).

Scheme of retaining wall for shore protection
The coastal protection structure according to Lithua-
nian Building Technical Regulation STR 1.01.03:2017
(Classification of structures), (Lietuvos Standartizaci-
jos Departamentas, 2017) is classified as hydraulic
structures. Coastal protection structures are classified
in consequence class CC2 according to Lithuanian
Building Technical Regulation STR 2.02.06:2004
(Hydraulic structures. Basic provisions. Annex 1),
(Lietuvos Standartizacijos Departamentas, 2004a).

The walls of gabion baskets and grid-stone
mattresses with planting will be used as retaining
structures for eroded shoreline and bank strengthen-
ing. The appropriate filtration materials have to be
chosen for gabions so that they protect from washing
elements of soil from under the baskets. Geotextile is
most commonly used for this purpose (Fig. 3). Engi-
neering infrastructure (coastal protection structure)
should be designed and installed with the least possi-
ble change in the nature of the landscape and without
polluting the environment.

1500
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sand-gravel layer

Fig.3. Scheme of retaining wall for shore protection

Source: own work.
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Methodology for calculating loads applicable to
coastal protection

The consequence class of hydraulic structures is
determined in accordance with Lithuanian Building
Technical Regulation STR 2.02.06:2004 (Hydraulic
structures. Basic provisions. Annex 1).

Loads acting on the shore protection structure are
calculated in accordance with Lithuanian Building
Technical Regulation STR 2.05.15:2004 (Effects and
loads on hydraulic structures), (Lietuvos Standar-
tizacijos Departamentas, 2004b).

Wave loads are calculated in accordance with Lithu-
anian Building Technical Regulation STR 2.05.15:2004
(Section X. Wind loads on shore protection structures
and ship waves on canal slope protection. Section I.
Wind loads on shore protection structures).

The maximum values of the horizontal (P,) and
vertical (P,) representative projections of the linear
loads from wind-caused waves on the vertical sea-
wall (when the waves roll down) must be determined
according to the wave lateral and back pressure
graphs (Fig. 4). The value of the pressure (p,), shown
in the graphs, must be calculated as follows:

pr=pg(Az, = 0.75h,,), Q)

where:

p — water density [kg-m~],

g - gravitational acceleration [m-s2],

Az, — lowering the water level from the calculated water
level in front of the vertical wall, when the wave
rolls down [m]; it depends on the distance between
the structure and the water boundary line: Az, = 0
when @, > 34, and Az, = 0.25h,, when a; < 3h,,,

— height of falling waves [m].

”

water boundary line
|

-~
Y
calculated water

level o jl_ \i

ﬂqﬁf

Graphs of the wave pressure on the vertical sea-
wall during the wave rolling down

5
g

o

the water level
when the wave rolls

Fig. 4.

Source: own work.
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Ice loads were calculated in accordance with Lithua-
nian Building Technical Regulation STR 2.05.15:2004
(Effects and loads on hydraulic structures: Section II.
Loads of moving ice fields into structures; Section II1.
Loads and effects on structures due to thermal expan-
sion of continuous ice cover; Section V. Loads of ice
on the structure as the water level changes).

According to the STR 2.05.15:2004, the impact
force of moving ice fields in contact with section of
structure with a vertical front edge of any shape is
calculated in two cases (the lower value is taken for
further calculations):

— when it is hit by single ice floes:

F.,, =0.07vh; \|AR. [MN], )
— when ice collapses:
FZ,W = OSRcbhd [MN]7 (3)

where:

v —ice field movement velocity (determined
on the basis of field investigations, and in
their absence, as follows: for rivers and
flood-exposed sea sections — keeping the
flow rate constant; water reservoirs and
seas — at a level equal to 0.03 wind velocity,
determined during the drifting of the ice with
a probability of 1%), [m-s™'],

h, — calculated ice thickness (taken as for rivers —
0.4 m at 1% probability), [m],

A —area of the ice field (determined on the basis
of field investigations in the area under
consideration or in the vicinity of the water
body), [m’],

R, —standard compressive strength of ice [MPa].

When salinity is below 2%o, then the linear load
resulting from a thermal expansion (g) of the ice
cover should be calculated as follows

q= hmax klpt’ (4)
where:
N ax — Maximum ice cover thickness at 1% probabil-

ity [m],
k, — coefficient equal to 1 [-],
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p, — pressure of deformation of the ice expanding due
to temperature changes [MPa]:

p,=0.05+11-107v, ,n, 1, 5)

where:

V,, —maximum rate of air temperature rise (from 6 h
of four-timed observations) [°C-h™!],

n;, — coefficient of ice creep [MPa-h''], calculated
according to the formulas:

when ¢, > -20°C,

7 =(3.3-0.28 1, +0.083 #7)10°; (6)
when ¢, < -20°C,

7 =(3.3-1.851)10% @)
t, —ice temperature [°C], calculated as follows:

t,- = tbhrel + O.SVt’a ot l//, (8)

where:

t, —initial air temperature from which the tempera-
ture rise begins [°C],

h., —relative thickness of the ice cover, taking into
account the influence of snow:

hrel = hmax/hred’ (9)

where:

h..q— reduced thickness of the ice cover, calculated as
follows:

hred = Mooy + 1430 i + 2.3/0, (10)

where:

g min— minimum thickness of the snow cover, deter-
mined by natural observations; if there is no
snow, A i, = 0 is taken,

o — heat transfer coefficient of air and snow cover
[W-m™],

if there is snow, then a =23,/v,,,, + 0.3, (11)

where:

vy, average wind speed [m-s™'],

v, @ — dimensionless coefficients determined by 4
and the dimensionless parameter F:

rel
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3,72
F,=4-10°t/h,. (12)

The vertical force of the ice cover frozen to the
structure as the water level changes (F,) [MN],
(Fig. 5), should be calculated as follows:

F; =020v,ty (o | D)7, (13)
where:
[ —length of the static section at the level of ice

exposure [m],
v, —speed of rise or fall of the water level [m-h™],
t; —time during which the deformation of the ice
cover occurs when the water level changes [h],
— maximum ice cover thickness at 1% probability
[m],
@ - dimensionless time function expressed by the
formula:

h

max

@ =1+300[t, +50(1—e )]/, (14)
where:

n;  — coefficient of ice creep [MPa-h™!].

t; e — see explained early.

N
W

TIITITITITIT T

Schemes of the ice cover frozen to the structure
loads calculations, when the water level (VL)
changes: a — when the VL is falling, b — when the
VL is rising; VLL — water level when the ice is
standing

Source: STR 2.05.15:2004.

Fig. 5.
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The moment of force (M) [MN-m™'], which is
absorbed by the structure from the frozen ice cover
when the water level rises or falls (Fig. 5), should be
calculated according to the formula:

M = 2lthd \ hémx /@,

where:
Livy ty, hpa, @ — see explained early.

15)

Note: The limiting force moment (M,;,,)) [MN-m!],
cannot be greater than this calculated according to
the formula:

M = 0.1671h5 RR.(1+2k,)/(R, + R.), (16)

where:
R, R, —tensile and compressive strength of ice cover
[MPa], calculated according to the formulas:

Rt — Rt , .e400tca]/77’ (17)
R =R -, (18)
where:

R,,, R., — the average values of the ice yield
strength in tension and compres-
sion [Pa],

leal —the time during which the water

level changes by a size equal to the
thickness of the ice [h],

k, — coefficient assuming the following
values:
e 00%aln 0.8 0.85 >0.90
k, 1.0 1.5 2.0

Noaxs N1l — see explained early.

Hydrodynamic forces lead further the structural
deformations and settlement to geotechnical insta-
bility. Failure due to hydrodynamic forces can be
avoided by adopting proper dimensions and suitable
weight for gabion box (Sherlin, Sundaravadivelu
& Saha, 2018).
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Methodology of geotechnical stability analysis
Gabion retaining walls should be designed as mass
gravity walls, using standard soil mechanics princi-
ples. No allowance should be made for the strength
or mass of the wire mesh and the density of the filled
gabions should be taken as 60% of the density of the
solid rock used.

According to the limit design situations specified
in Eurocode 7 (European Uninon [EU], 2004) the
stability should be analysed for: overturning, sliding,

RESULTS AND DISCUSSION

The results of wave loads calculation

With large areas of lake the wave runoff distance is
also large, resulting in the high waves in the wind blow
direction (Fig. 6). The initial parameters for wave
loads calculation are presented in Table 1. The results
of wave loads calculation are presented in Table 2.

bearing failure, localised deformation or failure of M-Eﬁ-g
the wall and deep seated failure of the retained slope. & [Z @%
Geotechnical stability is analysed numerically N
using software GEOS5 for different loads. The calcu- ‘
lation methods for wall analysis:
— active earth pressure calculation: Coulomb,
— passive earth pressure calculation: Caquot—Kerisel,
— ecarthquake analysis: Mononobe—Okabe, \
— shape of earth wedge: calculate as skew,
— allowable eccentricity: 0.333,
— verification methodology: according to EN 1997, . .
— design approach: 2 — reduction of actions and Fi9-6- Thewave runoff distance
resistances. Source: © Geoportal.It.
Table 1. Initial parameters for wave load calculation
Slope angle (acc. to Fig. 4) 0° 10° 15°
Wind speed (V) [m-s '] 20 25 30 20 25 30 20 25 30
Average wave height (/) [m] 1.57 1.57 1.72 1.57 1.57 1.72 0.88 1.57 1.72
Average wave length (1), m 40.95 41.01 44.68 4095 41.01 44.68 4193 41.01 44.68
Average wave period (7) [s] 7.86 7.85 8.19 7.86 7.85 8.19 7.86 7.85 8.19
Depth at first wave break (d,) [m] 1.99 2 2.18 1.99 2 2.18 2.11 2 2.18
The depth of the last wave break (d,,,) [m] 0.62 0.63 0.68 0.62 0.63 0.68 0.66 0.63 0.68
Calculated maximum wave height (4,) [m] 1.57 1.57 1.72 1.57 1.57 1.72 1.67 1.57 1.72
The maximum rise of the wave crest above the 144 145 158 144 1.45 158 153 145 158
calculated level (n,) [m]
Source: own work.
Table 2. Wave load calculation results
Slope angle (acc. to Fig. 4) 0° 10° 15°
Wind speed (V,,) [m's™'] 20 25 30 20 25 30 20 25 30
When the waves roll down, the projection of
the wave is horizontal (P.) [KN-m 1] 6.08 6.13 7 6.08 6.13 7 6.72 6.13 7
Addition point of horizontal load (z;) [m] -0.12 -0.13 -0.16 -0.12 -0.13 -0.16 -0.15 -0.13 —0.16
When the waves recede, the projection of the 5 fe 55 g 44 768 770 844 821 772 844

wave is vertical (back pressure) (P,) [kN-m™']

Source: own work.
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Based on the results of the wave loading calcula-
tions, Table 2 shows that the changes of slope angle
from 0° to 15° directly affect wave loads calculation
results only at wind speed V,, =20 m-s™".

The results of ice loads calculation

The initial parameters for ice loads calculation are
presented in Table 3. The results of ice loads (Figs 5
and 7) calculation are presented in Table 4.

Table 3. Initial parameters for ice loads calculation
Parameter Value
Ice temperature at the air-ice contact zone (7)) [°C] 5
Ice temperature at the air-ice contact zone during ice 4
movement (7}) [°C]

Calculated temperature drop (d7) [°C] 5
Ice thickness (/1) [m] 0.4

Maximum area ice field at 1% probability (4;) [m?] 50

Speed of ice field movement (v;) [m-s™] 1

The average snow cover thickness during the calcu-

lation period when the temperature drops (4,) [m] 0.2
Average wind speed during the temperature drop 10
() [m-s']

Change in water level (/) [m] 0.4

Source: own work.

: I,..___— —_— —_
:|\ \
- P4
2| B B
» || |

7 - [hdfﬁm

Fig. 7. The illustration of ice loads

Source: own work.
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For various ice thicknesses (0.3 m, 0.4 m, 0.5 m),
variable wind speed (10 m-s!, 15 m-s™!, 20 m-s™),
variable speed of ice field movement (0.5 m-s™,
1 m's™!, 1.5 m's™!), change in water level (0.3, 0.4
and 0.5 m) as well as various ice field areas (50 m?,
100 m?, 150 m?), the following ice loads have been
calculated: 1) the impact force of moving ice fields
in contact with structure [P, or F, , — Eq. (3)]; 2) ice
impact due to the temperature expansion of the con-
tinuous ice cover (P; or ¢ — Eq. (4)]; 3) the vertical
force [P or F; — Eq. (13)] and moment [M, or M —
Eq. (15)] of the ice frozen on the structure, with the
changing water level. The results of the calculations
are presented in Table 4.

Based on the results of the ice loading calcula-
tions, Table 4 shows that the changes of ice thickness
directly affect calculation results of all types of the
ice loads. The changes of average wind speed during
the temperature drop (V,,) have impact on values of
horizontal linear loads on structures due to ice cover
thermal expansion effect (P; or ¢). The changes of
speed of ice field movement (v,) from 0.5 m-s™! to
1.5 m-s ™" and ice field maximum area (4,) from 50 m?
to 150 m? directly influences calculation results of
the horizontal load of moving ice fields on a structure
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Table 4. Calculation results of ice loads

Horizontal Honzontal Vertical force Moment absorbed
load of linear load .
.. of the ice by the structure
movingice  on structures
. cover frozen from the frozen
fields on due (o ice to the structure  ice cover when
Parameter which has been changed astructure  cover thermal
. . . as the water the water level
with a vertical ~ expansion .
level changes rises or falls
front edge effect
(Pgor Fy) (M, or M)
(P 1 or F, b,w) (P 3 or q) [kNm—]] [kNmm—l]
[kN] [kN-m™]
Ice thickness (%,) 0.3 m 131.62 34.6 4.5 19.74
Ice thickness (4,) 0.4 m 175.49 29.2 5.58 35.1
Ice thickness (%,) 0.5 m 219.36 414 6.6 54.84
Average wind speed during the temperature drop (¥,,) 10 m's™ 175.49 29.2 5.58 35.1
Average wind speed during the temperature drop (¥,,) 15 m's™! 175.49 352 - 35.1
Average wind speed during the temperature drop (¥,,) 20 m's™! 175.49 412 5.58 35.1
Speed of ice field movement (v;) 0.5 m*s™! 118.51 29.2 5.58 35.1
Speed of ice field movement (v)) 1.0 m's™! 175.49 29.2 5.58 35.1
Speed of ice field movement (v;) 1.5 m's™ 259.63 29.2 5.58 35.1
Change in water level (/) 0.3 m 175.49 29.2 5.58 35.1
Change in water level (/) 0.4 m 175.49 29.2 5.58 35.1
Change in water level (/) 0.5 m 175.49 29.2 5.58 35.1
Maximum area ice field at 1% probability (4,), 50 m? 175.49 29.2 5.58 35.1
Maximum area ice field at 1% probability (4;) 100 m? 248.18 29.2 5.58 35.1
Maximum area ice field at 1% probability (4,) 150 m? 303.96 29.2 5.58 35.1
Source: own work.
with a vertical front edge (P, or F,, ). In the case of a  Table 5. Soil parameters

change in water level (4,) from 0.3 to 0.5 m, no sig-

Sand with trace of fines (S-F), medium dense

nificant influence on ice loads was observed.

Unit weight y=17.50 kN-m™

The results of the geotechnical stability analysis StreSS'Sta.te — cifective
Soil parameters used in analysis are presented in Angle.Ofmtem.al friction for = 29.50°
Table 5. The results of the stability analysis for over- Cohesion of soil Cer= 0.00 kPa
turning and sliding are presented in Figure 8 and Angle of friction between structure and soil 0=066°
Table 6. Soil cohesionless

Based on the results of the gabion wall check for ~_Saturated unit weight You = 1750 kN-mr>
overturning and sliding, Table 6 shows the overall Well graded sand (SW), medium dense
check results — the wall is satisfactory. The results of Uit weight 7=20.00 kN-m’®
the stability analysis for bearing failure are presented ~ Stress-state effective
in Table 7. Based on the results of the gabion wall ~Angle ofinternal friction Per = 36.50°
check for overturning and sliding, Table 7 shows _Cohesion of soil Cer = 0.00 kPa
the overall verification results — bearing capacity of _Angle of friction between structure and soil 9=0.66°
foundation (soil) is satisfactory. The results of deep- ~ Soil cohesionless
seated failure of the retained slope are presented in  Saturated unit weight Ysa = 20.00 KN-m™
Table 8. Source: own work.
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Name : Verification
Description : apvertimui nustumimui jegu sistema

Stage - analysis : 1 -1

1.80

I

Ap—

o

Fig.8. The calculation scheme for verification of wall

Source: own work.

Table 6. The gabion wall check for overturning and sliding

Check for overturning stability

Check for slip

Resisting moment (M,,.) 53.91 kN-m™'

Resisting horizontal force (H,) 20.42 kN-m™

Overturning moment (M) 13.53 kN'm™!

Active horizontal force (H,,) 11.94 kN-m™!

Wall resistance against overturning is satisfactory

Wall resistance against slip is satisfactory

Source: own work.

Table 7.

The gabion wall stability analysis for bearing failure

Eccentricity verification

Verification of bearing capacity

Maximum eccentricity of
normal force e = 0.000
Maximum allowable
eccentricity e,,, = 0.333

Norm, force 53.47 kN-m™

Maximum stress at footing bottom Bearing capacity of foun-
0=126.74 kPa dation soil R, = 35.71 kPa

Eccentricity of the normal force is satisfactory

Bearing capacity of foundation soil is satisfactory

Source: own work.

Table 8. Slope stability verification (using Bishop method)
Forces Moments
Sum of active forces (F,) 3521 kN-m™! Sliding moment (M,) 151.74 kN-m™!
Sum of passive forces (F,) 57.37 kN-m™ Resisting moment (M) 24725 kN-m™!

Source: own work.
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Based on the results of the gabion wall check
for slope stability verification, Table 8 shows
that slope stability is acceptable — factor of safety
(Fg) =1.63 > 1.50 (minimum required FY).

CONCLUSIONS

1. The results of wave load calculation show that the
gabion retaining wall for shore protection is subject
to a horizontal projection of wave force (P,) equal to
6.13 kN-m™' and vertical projection of wave force
(P, equal to 7.72 kKN-m™'. The magnitude of the
calculated hydrodynamic forces shows the possible
reason of the structural deformations and settlement
of former reinforced concrete retaining wall.

2. Based on the results of the ice loading calcula-
tions, it has been found that:

— The changes of ice thickness directly affect
calculation results of all types of the ice loads.

— The changes of average wind speed during the
temperature drop (V) have impact on values of
horizontal linear loads on structures due to the
ice cover thermal expansion effect (P; or g).

— The changes of speed of ice field movement (v,)
from 0.5 m's! to 1.5 m-s™! and ice field max-
imum area (4,) from 50 m? to 150 m? directly
affect the calculation results of the horizontal
load of moving ice fields on a structure with
a vertical front edge (P, or F},,).

— In the case of a change in water level (4,) from
0.3 m to 0.5 m, no significant influence on ice
loads was observed. The calculated ice loads
have direct impact on stability of the gabion
retaining wall.

3. The numerical results reveal good geotechnical
stability — calculations of the stability of a typical
gabion retaining wall in case of overturning and
sliding show that the wall resistance against over-
turning and slip is satisfactory. The evaluation of
the gabion retaining wall base strength according
to the loss of load-bearing capacity shows that the
eccentricity of the normal force is satisfactory and
the bearing capacity of foundation soil is satisfac-
tory. Overall verification shows that the bearing
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capacity of foundation (soil) is satisfactory. Cal-
culations of the deep seated failure of the retained
slope show that the slope stability is acceptable.

4. The results of wave and ice loads calculation and
geotechnical stability analysis show that struc-
tures formed from gabions should be able to resist
different types of loads and are suitable for pro-
tection of lake coastline.
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ZASTOSOWANIE GABIONOW DO PROJEKTOWANIA KONSTRUKCJI OCHRONY
WYBRZEZA W JEZIORACH

STRESZCZENIE

W wypadku zbiornikdéw wodnych i jezior o duzych obszarach droga sptywu fal jest rowniez duza, co
powoduje powstawanie wysokich fal w kierunku wiejagcego wiatru. Fale te intensywnie niszczg brzeg
jeziora lub zbiornika wodnego. Innym intensywnym czynnikiem erozji wybrzeza jest 16d. Do ochrony
wybrzeza zbiornikdw wodnych stosuje si¢ wiele srodkow inzynierskich: w wypadku jezior sg to plyty zel-
betowe, bloki, wysiggniki, systemy komodrkowe (geosyntetyki) itp. W niniejszej pracy przeanalizowano
zerodowang lini¢ brzegowa, przeksztatcong poprzez zainstalowanie konstrukcji zabezpieczajacej wybrzeze
z wykorzystaniem konstrukcji gabionowych. Gabiony sg przeznaczone do ochrony brzegéow i skarp przed
szybkim sptywem wody (predkoéé wody powyzej 5 m-s™) oraz uderzeniami lodu. Projektuje si¢ je wedtug
zasad geotechnicznych, oceniajgc stateczno$¢ zgodnie z granicznymi sytuacjami projektowymi okre-
$lonymi w Eurokodzie 7 (EN 1997-1). Celem niniejszej pracy jest zilustrowanie przypadkéw obcigzen
falami i lodem oraz geotechnicznych sytuacji projektowych, ocenianych w projekcie konstrukcji ochrony
wybrzeza, ktora jest wykonana z gabiondw.

Stowa kluczowe: struktury ochrony wybrzeza, fale i uderzenia lodu, gabiony, geotechniczne sytuacje
projektowe
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