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Fig. 6. Paths determined with the use of different methods: triangle centroid (blue) and center of
gravity (red)

The values of the quality indicator for predicting the location of tetrahed-
ron vertices (an important part of the algorithm for tortuosity evaluation
— refer to (SOBIESKI, ZHANG 2014) are presented in Figure 7. The lower the
value of the quality indicator, the greater the algorithm’s efficiency in predic-
ting the location of successive spheres surrounding the path (spheres divided
by the path). The data presented in Figure 7 indicates that an algorithm based
on centers of gravity often produces more satisfactory results.
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Fig. 7. Values of the quality indicator for predicting the location of tetrahedron vertices
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Conclusions

The following conclusions can be formulated based on the results of the
study:

— A universal algorithm was developed for calculating the center of gravity
of a figure intersected by a flow path. The algorithm was verified with the use
of independent computational tools (AutoCAD program) and successfully
implemented in the source code of the PathFinder program.

— The new version of the computational algorithm influences only the
length of the flow path, the angles between path segments and path tortuosity.
The remaining parameters and indicators remain unchanged.

— The new algorithm is more logically justified, and it increases the quality
of predicting the location of successive spheres. For this reason, it will be
recommended as the default algorithm in the upcoming versions of the
PathFinder program, beginning from version IV.1.
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Abstract

To improve fitting of numerical results to experimental data, in the past, distances between
nodes were decreased for whole mesh. A typical mesh generator for Finite Element Method (FEM)
analysis ensures possibility to decrease distances between nodes for edges or surfaces of described
geometries. Influence of local mesh refinement for a flat and round tensile specimen on fitting of
numerical tensile simulation results to experimental data was presented in the paper. Local mesh
refinement was performed for areas with the error values higher than threshold value. First iteration
of flat and round mesh refinement has to improved correlation of numerical and experimental data
with acceptable increase of mesh file size. Similar observations have been made for the second
iteration of the flat specimen mesh. On the basis of analysis, shown that second iteration of round
mesh refinement caused crucial increase of mesh file size and computation time with negligible fitting
improvement.

Introduction

Finite Element Method (FEM) analysis make possible mechanical, thermal
acoustic and other calculations for different geometries not restricted to
normalized shapes (BECACHE et al. 2005, BELL et al. 2006, DUARTEM et al. 2013,
DUMONT et al. 2013, Krysz et al. 2013, KUHL et al. 2013, KUHL et al. 2013,
Miazio, ZBOINSKI 2013, PERDUTA, PUTANOWICZ 2013, ROSSILLON, MEZIERE
2010, SZABRACKI 2012).Geometrical model in FEM analysis has to be defined
with discrete elements. Preparation of the mesh describing geometrical model,
built on discrete elements is very important for calculation accuracy. Typically,
to build discrete model of analyzed geometry, nodes, edges, plane figures and
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Warminsko-Mazurski, ul. Oczapowskiego 11, 10-719 Olsztyn, tel.: +48 89 523 38 55, e-mail:
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polyhedrons are used. Geometrical edges and planes have to be divided for
smaller parts to achieve discrete elements. Ends of the smaller parts are called
as nodes. Connected nodes are defined as edges. Connected edges form plane
figures. Connected plane figures form polyhedron. The most commonly used
plane figures are triangles and rectangles. On the basis of plane figures, the
most commonly used three-dimensional solids used to build discrete model of
analyzed geometry are tetrahedron and cuboids.

Most commonly used methods to generate mesh base on maximal distance
between nodes or number of element along edge. Typical software used for
preprocessing enables to define specific distance between nodes for different
areas of the geometry. Literature presents three main refinement methods.
h-refinement method is focused on the local refinement and/or coarsening of
a mesh. Second method, r-refinement method, is used to relocate or move
a mesh. p-refinement method is focused on local varying the polynomial degree
of the basis. These strategies can be used singly or in combination. r-refinement
is usually useful with transient problems, where elements move according to
described phenomena. Many researchers improve methods of mesh refinement
to modify initial mesh on the basis of error distribution or other criterion
(ALEXA 2002, BABUSKA et al. 1995, BABUSKA, RHEINBOLDT 1978, BERN et a.
1999, CLARK et al. 1994, DUNCAN 1998, FLAHERTY et al. 1989, M1AZIO, ZBOINSKI
2013, Nicoras, FOUQUET 2013, PERDUTA, PUTANOWICZ 2013).

Current literature trends confirms application of different refinement
algorithms for practical calculations (BECACHE et al. 2005, BELL et al. 2006,
DUARTEM et al. 2013, DUMONT et al. 2013, KOSTOFF et al. 2013, KUHL et al.
2013), what was also made for tensile test simulation in the paper.

On the basis of FEM analysis, stress and strain distributions for flat and
round tensile specimens were analyzed. To perform Finite Element Analysis
(FEA) of tensile specimens, meshes of the specimens has to be prepared. Mesh
generation on the basis of maximal distance between nodes or number of
element on the edge of geometry is not sufficient to properly describe nonlinear
behavior in those areas. Nonlinear behavior requires mesh with small distance
between nodes. Usually, nonlinear behavior occurs in small areas of analyzed
geometry. Mesh refinement on the basis of edge and surfaces of geometry is
usually not sufficient for 3D geometries. Definition of distance between nodes
for whole mesh like for areas with nonlinear behavior induce creation of large
mesh file with huge amount of nodes without practical importance for calcula-
tion results. Many nodes need a lot of time and computer resources for
calculations and the vast majority of nodes in areas with elastic behavior are
useless. As results of homogenous mesh refinement we obtain crucial increase
of calculation time and many nodes useless for performed analysis. Local mesh
refinement methods based on error distribution provide tools and methodology
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to optimize number of nodes in mesh for performed analysis. Concerning
applicability of different refinement methods, A-refinement methods was
choosing. Methodology, which implies the use of tetrahedral and pyramids to
connect the zones of different level of refinement (NICOLAS, FOUQUET 2013),
was used. Literature does not present any information about influence of
tensile test specimen’s local refinement on the accuracy of tensile test simula-
tion results. Especially for X2CrNiMoN25-7-4 super duplex stainless steel used
to build responsible constructions working with danger substances.

FEA are cheaper than manufacturing and testing of machine and construc-
tion prototypes. To analyze complex geometries, large amount of computer
hardware has to be used. Mesh refinement in specific areas, where error is to
high, is important for those practical analysis. Local mesh refinement ensure
optimal supplement of the mesh with additional nodes. Areas of the mesh not
important for performed analysis are not modified. Concerning practical
application of different numerical analysis (BECACHE et al. 2005, BELL et al.
2006, DUARTEM et al. 2013, DUMONT et al. 2013, KOSTOFF, CUMMINGS 2013,
KUHL et al. 2013, SZABRACKI 2012, SZABRACKI et al. 2012, SZABRACKI, LIPINSKI
2013), aim of performed analysis was to determine influence of double mesh
refinement of flat and round tensile specimen on the fitting of numerically
calculated to experimental data. Results allow to define influence of refinement
iterations on the accuracy of numerical results. Simple geometry (normalized
round and flat tensile specimen) allows to verify methodology and will be
background for usage of a presented methodology for more complex, real
geometries.

Research methodology

According to standard PN-EN ISO 6892-1, tensile test can be performed for
specimens with round and rectangular cross section. Tensile specimens with
round and rectangular cross section are used due to the different forms of
semi-finished and metallurgical products. Flat specimens with rectangular
cross section are used for thin plates. Specimens with round cross sections are
used for thick plates and rods. Experimentally tested tensile specimens were
made of X2CrNiMoN25-7-4 super duplex stainless steel. Tensile specimens
with rectangular cross section according to Figure 1 were prepared from 5 mm
thick plate (water jet with abrasive cutting).

In the paper, local mesh refinement of round and rectangular specimens
used for tensile test simulation were performed. Diameter of working part in
round specimen is 8 mm. Rectangular cross section of flat specimen is equal
5x10 mm. The FEM simulation results were compared with experimental
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A/ Io =100

Fig. 1. Schematic presentation of tensile test simulation

tensile curve for flat (rectangular cross section) specimen (Fig. 1). Round
tensile specimen was not experimentally tested. The FEM simulation results
confirms possibility of usage FEA regardless of the geometry. Important part
of a finite element analysis is the discrete model of analyzed geometry
preparation. According to the methodology of tensile test simulation presented
in the paper (SZABRACKI et al. 2012), analyzed in this paper simulations were
performed for elastic and plastic deformations until Ultimate Tensile Strength
(UTS) reached. Failure of the numerical specimen were defined when stresses
in mesh reach UTS value. Practically, for experimental test UTS value was
reached, visible neck creation starts.

FEM calculations were performed on the basis of Code Aster solver
(TAYLOR 1999).The solver was developed for nuclear installations analysis.
Open source code allows to improve the solver by different researchers and
programmers around the world. Main advantage of the code is wide range of
applications for mechanical, thermal, metallurgical and acoustic analysis.

Elastic-plastic behavior of X2CrNiMoN25-7-4 super duplex stainless steel
was defined according to isotropic hardening model (1) described and pres-
ented in previous works (ALEXA 2002, NICOLAS, FOUQUET 2013, SZABRACKI et
al. 2012).

Oi+1 — O;
R(P)=O'i+m(l7—l7i) (1)

where:

_ o;
pi = & - E
E - Young modulus
o; — stresses in point i of the experimental tensile curve [MPa]
g - strains in point i of the experimental tensile curve [MPa]
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Initial mesh, describing tensile specimen with rectangular cross section,
shown in Figure 2a). The Mesh contains triangles (2D) and tetrahedrons
(3D). The maximal distance between nodes was 2.5 mm. For nonlinear areas
of the flat specimen geometry (connection of working and handling part of
the specimen), maximal distance between nodes decreased to 1 mm. Mesh
prepared according to described above criteria contains 2,054 nodes, 272
edges, 2,936 triangles and 7,298 tetrahedrons (Fig. 2a). Maximal distance
between nodes in round tensile specimen decreased to 1.5 mm for handling
part and 1 mm for other parts of the specimen. The maximal distance
between nodes decrease has increased number of nodes in the mesh. Mesh of
the round tensile specimen contains 5,238 nodes, 352 edges, 70,114 triangles
and 19,642 tetrahedrons (Fig. 2b). Described above changes in mesh gener-
ation condition caused changes of the mesh files size. The file size of flat
tensile specimen mesh is equal 312 KB and the file size of round tensile
specimen mesh is equal to 782 KB.

Fig. 2. Initial mesh of a) flat and &) round tensile specimen

Tensile test simulation was performed according to methodology described
in the paper (SZABRACKI et al. 2012) with linear displacement of surface A
(Fig. 1) along - x axis. Velocity of A surface displacement was 0.5 mm/s.
Iteration step was changing during simulation. Nonlinear behavior of the
material in plastic deformation areas causes decrease of iteration steps to
achieve convergence threshold value. 20 convergence iterations were used as
maximal acceptable number of convergence steps. If it was not enough to
achieve threshold convergence value, the A surface step was decreased 2 times
until convergence criterion was fulfilled. For elastic deformation area, iter-
ation step was 0.5 mm. When highest stresses in mesh were almost equal to
Yield Strength, iteration step decreased to 0.1 mm. When UTS reached, error
distribution in the plane mesh elements (K) indicates the estimator of error
(noted (£2)) was defined as being the quadratic average of the site indicators of
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error (1 (K)) (3) (NIcoLAS, FOUQUET 2013). This kind of error estimation allow
to detect significant changes of calculated values (stresses, strains or others)
for neighboring plane elements. Used estimator is an explicit estimator of error
utilizing the residues of the balance equations and the jumps of the normal
stresses to the application interfaces (NICOLAS, FOUQUET 2013). Contrary to
the Zhu-Zienkiewicz estimator (AINSWORTHET et al. 1989), which uses a tech-
niques of smoothing of the stresses a posteriori. In this case, areas with
significant values evolution for neighboring nodes will be refined without
modification of not significant areas.

1
n@Q =[Z nE?L (3)

KeT

n(-Q)rel = n(-Q)min + T]rel(n(Q)max - n(g)min) (4)

FEM analysis with
current Mesh

|

| error estimation |

A

A/ refined Mesh

refinement higher than

conditions

} i |

do not refine
element of Mesh

JA
TRUE [ refine element
of Mesh

TRUE
—

F
A
L
S
E

finish refinement

Fig. 3. Mesh refinement algorithm

For areas with error higher than threshold value, mesh refinement based
on the error distribution (NICOLAS, FOUQUET 2013) in the plane mesh elements
was performed. Threshold value for mesh refinement was calculated according
to formula (4) with 10% relative error 7,4 (NICOLAS, FOUQUET 2013). This
value allows significantly rebuilding the mesh after each iteration step. Higher
values of relative error require more refinement iteration steps. For more
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complex geometries, higher relative error can be required. Normalized tensile
specimens not require small steps of mesh refinement.

The mesh refined according to presented methodology was used for next
iteration of tensile test simulation. Influence of mesh refinement on experi-
mental tensile curve fitting was analyzed according to prepared algorithm
(Fig. 3). For cases where more than two iterations will be needed, mesh
refinement ending criterion was used, to achieve less than 2% increase of the
correlation coefficient value. Due to the significant consumption of computing
resources, crucial increase of the mesh file size resulting significant increase of
computation time without significant improvement of the results quality were
considered as condition terminating the algorithm. In the present case, more
than two mesh refinement iterations was not used.

Stress and strains distributions (numerically calculated tensile curve) at
the point of symmetry for round and flat tensile specimen were compared with
experimental tensile curve. Pearson’s correlation coefficient (5) was used to
describe fitting of numerical results to experimental data (TAYLOR 1999).

_ cov(xy) (6))
xy — O-xo-y
where:
P - £)?
— i=1
Oy = —n
Zn:()’i -y)?
&= \"7

Results and analysis

Table 1 presents number of elements (0D-3D) used to build meshes of flat
and round tensile specimen for initial state and after mesh refinement.

Mesh 0D - 3D elements for different samples and refinement iterations fabled
) Flat sample Round sample
Tteration Nodes 1D 2D 3D Nodes 1D 2D 3D
0 — Initial Mesh 2,054 272 2936 7,298 5,238 352 7,014 19,642
1 - First refinement 7,193 372 6,656 32,179 16,732 416 14,662 76,353
2 — Second refinement 33,439 459 15,108 174,631 79,686 497 28,476 428,603
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The size of flat specimen files increases from 312 KB to 2.6 MB after first
refinement. The round specimen files size increases from 782 KB to 6.1 MB.
Figure 4a presents error distribution for flat specimen before refinement,
when UTS reached in working part. Similar error distribution in round
specimen presents Figure 4b. Maximal error value, calculated according
formula (3) for flat specimen is 1,285. For round specimen 918. Maximal error
values are not located in the middle part of working area because of symmetry
conditions and restrictions of error estimation model (3) (NICOLAS, FOUQUET
2013). According to error distribution (Fig. 4) and presented methodology,
refined meshes of flat (Fig. 5a) and round (Fig. 5b) specimen were prepared.

1000 %
l oV

750

I 500

error in
I2°° Mesh elements

error in
Mesh elements

325

0

Fig. 4. Error distribution for initial mesh of @) flat and &) round specimen

/

initial

irltial /
Z
T % refined I

'\‘X

Fig. 5. Mesh after first mesh refinement iteration of @) flat and &) round specimen

On the basis of local mesh refinement method, number of nodes in middle
part of flat specimen was increased (Fig. 5a — Refined I). Handling part of the
mesh was not modified in this refinement iteration (Fig. 5a — Initial). Differ-
ence between handling and working part of the specimen allow to compare
mesh element size before and after refinement. Mesh refinement presented in
the specimen’s surface is the same for whole specimen’s thickness. Round

Technical Sciences 17(2)2014



Influence of Mesh Refinement on Results... 157

specimen’s mesh refinement was observed in the working part of the specimen
(Fig. 5b — Refined I). Handling part and transition zone of the specimen mesh
was not refined (Fig. 5b — Initial).

Error distribution for refined mesh was presented in Figure 6. First refine-
ment iterations of flat specimen decrease the error value for plane mesh
elements (Fig. 6a). The error value for locked specimen’s surface reach 25% of
maximal error value in flat specimen (3). Highest values of the error were
obtained for areas with highest plastic deformations (working part of the
specimen). Considerable value of the error (25% of the maximal value) was
reported near the transition zone (transition between working and handling
part of the specimen). Described error distribution after first refinement was
used to perform second mesh refinement iteration. Highest error values after
first mesh refinement iteration was observed in working part of round specimen
(Fig. 6b). Area near transition zone and area near locked surface of round
specimen’s mesh shows error about 25% of maximal value in the whole mesh.
Maximal value of the error for round specimen’s mesh after first refinement
iteration is 266. For flat specimen’s mesh after first refinement iteration
calculated error is two times higher (514). Flat specimen’s mesh after second
refinement iteration was shown in Figure 7a. Areas called Initial represent mesh

error in
Mesh elements

error in
Mesh elements

initial

refined I

refined I1 refined II

Fig. 7. Mesh after second mesh refinement iteration of a) flat and &) round specimen
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before refinement. Refined I areas represent mesh not refined during second
iteration. Refined II areas represent areas after both refinement iterations.
Round specimen’s mesh after second refinement iteration was shown in Figure 7b.
Handling part of the specimen is not modified (initial mesh size).

Influence of refinement iterations on the mesh file size for flat and round
tensile specimen was presented in Figure 8. First flat specimen’s mesh refine-
ment iteration has caused 8.5-fold increase of the mesh file size from 0.3 up to
2.6 MB. Second mesh refinement iteration has caused increase of the mesh file
size up to 12.8 MB. This gives a 42-fold increase of the initial mesh file size. The
computation time in this case was extended from 20 minutes at an initial mesh
up to two hours after two flat mesh refinement iterations. The round mesh file
size after first refinement iteration was increased from 0.76 up to 6.1 MB. This
gives almost 8-fold increase of the file size. Second mesh refinement iteration
has caused increase of the mesh file size up to 30.8 MB. This gives a 40-fold
increase of the initial mesh file size. The computation time in this case was
extended from 50 minutes at an initial mesh up to 32 hours after two round
mesh refinement iterations. After two flat mesh refinement iterations, maximal
error was 204 and 103 for round two times refined mesh. Influence of refine-
ment iterations on the maximal error value for flat and round specimen’s mesh
was presented in Figure 9.

35
30
25
20
15

10

Mesh file size [MB]

5

0
0 1 2

iteration number

& flat sample =¢= round sample

Fig. 8. Influence of mesh refinement iterations on the mesh file size

Fitting of experimental data to numerically calculate was presented as
evolution of correlation coefficient value (5) for different geometries and mesh
refinement iterations (Table 2). Graphical representation of fitting for initial
meshes was presented in Figure 10. Double flat mesh refinement has improved
fitting of numerical results to experimental data. The increase of the correlation
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Fig. 9. Influence of mesh refinement iterations on the maximal error value in plane mesh elements

coefficient value in the analyzed range confirms this relationship. The increase
of the correlation coefficient value after second flat mesh refinement iteration
was 10 times lower than after first refinement. This shows smaller improvement
of experimental and numerical fitting. 0.044% increase of Pearson correlation
coefficient was observed after first round mesh refinement iteration. Second
round mesh refinement has decreased correlation coefficient value.

Table 2
Correlation coefficient for different refinements

Iteration Flat sample Round sample
0 0.997654900 0.997622964
1 0.997655629 0.998062859
2 0.997655710 0.998062322
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Fig. 10. Numerical and experimental tensile curve for initial meshes
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Fig. 11. Numerical and experimental tensile curve for refined mesh

For stresses 0 — UTS, results of numerical calculations coincide with
experimental data. When UTS reached, numerically calculated stresses are
constant and equal UTS with increasing strains. This induce difference between
experimental numerically calculated stresses for percentage elongations higher
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than 25%. This phenomenon was wider described in the paper (SZABRACKI et al.
2012). Small difference of correlation coefficient value between initial and
refined mesh (Table 2) confirmed with negligible difference between experimen-
tal and numerically calculated results (Fig 11). Small variation of correlation
coefficient value between first and second refinement iteration (Table 2) also
confirmed with small differences on the tensile curve for double refined mesh
(Fig. 12).
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Fig. 12. Numerical and experimental tensile curve for double refined mesh

Summary

It has been shown that the local mesh refinement, performed in areas with
a large error, it greatly improves the results of the fitting the experimental
results with numerical results. This confirms the increase of the correlation
coefficient.

Local mesh refinement allows for expansion of the mesh in areas with high
error without creating unnecessary expand of the mesh in areas where error was
considered to be satisfactory. This improves the matching of the results obtained
at the same time and reduces the calculation time in comparison with uniform
mesh refinement over the entire volume of the mesh.

Increase with ten thousandths of the correlation coefficient obtained for
subsequent iterations will improve the fit too small for the analysis, and
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significantly increase the computation time and computer resources needed to
carry out these calculations.

First iteration of local mesh refinement performed for round and flat tensile
specimens has improved fitting of numerical results to experimental data with
acceptable increase of the mesh file size. Similar observations have been made
for the second iteration of the flat sample local mesh refinement. Based on the
analysis results have shown that second iteration of the local mesh refinement
for the round specimen has increased the file size of the mesh and the
computation time with slightly improved fit. There is, the limit number of
iterations for which the local mesh refinement is appropriate. If the limit
number of iterations was exceeded, the mesh file size and calculation time
increases disproportionately to the benefits of the fitting improvement.

When error value does not exceeds about 30% of the Yield Strength no more
local mesh refinement is needed. For our case, error at the level of 200-230 is
acceptable for real calculations. Further refinement increase calculation costs
(time and hardware) but do not improve significantly results.

Influence of local mesh refinement on the tensile test simulation results
improvement was confirmed for normalized tensile specimens. This is an initial
step for refinement of more complex geometries and real constructions analysis.
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Abstract

The paper provides basic information on the description of sediment transport in the coastal
zone of the sea. It explains the mechanisms of sediment movement under the influence of the waves
and currents interactions, characteristic for the coastal zone. It presents models describing the
movement of sediment in the regime of flat bottom, making their divided in accordance with the
method of description of vertical structure of sediments transport. Particular emphasis is placed on
modeling of graded sediment transport. It presents basis for the three-layer model of graded sediment
transport. This allows, among others, the analysis of the variability of particle size distribution in the
whole area of sediment movement. The model assumes that the movement of sediment is divided into
three layers: bedload layer, contact load layer and outer flow region, as a result of the shear stress
influence on the bottom.

Introduction

The primary factor leading to the reconstruction of the profile of the
seabed is a wave caused by the wind and the return current which is
caused by this wave. Wind-induced waves are generated in the deep-
water off-shore area, where the seabed does not affect the nature of the
waves. As a result of decreased depth, the wave undergoes a transform-
ation process leading to the increase of the wave crest height and
shortening its length, each wave through becoming shallower and
longer. In the area of deepwater it is necessary to use the sinusoidal
wave approximation, whereas along with the decrease of the depth, the
2nd Stokes approximation is used and then the cnoidal approximation

* Correspondence: Szymon Sawczynski, Katedra Technologii Materialéw i Maszyn, Uniwersytet
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and solitary waves (DRUET, KOWALIK, 1970). In the coastal zone, for the
purpose of describing sediment transport, the 2nd Stokes wave approximation
is most commonly used (KACZMAREK 1999). It is characterized by shortened
and steep crest and elongated and flattened through, in comparison to the sine
wave.

In the coastal zone there is an interaction between the hydrodynamic forces
and sediment and bathymetric profile of the bottom. The fluid stream due to
friction forces, runs the sediment from the bottom and the sediment material
is transferred over a certain distance. So, moving water causes the bottom
sediment transport, and the spatial variability of sediment transport volume
causes changes in morphology of the bottom, which in turn affects the water
movement change. The question of what controls the rate and method of
sediment transport and the nature of changes in the level of the bottom
occupied researchers for over a century. Numerous relations between the level
of bottom elevation and the rate of sediment transport and flow parameters,
including a number of empirical and far less theoretical relations have been
proposed. Empirical relations generally can not be applied beyond the limited
conditions for which they were formulated, and the majority of theoretical
propositions depends on arbitrary assumptions with only a little or no physical
credibility (ALLEN 1977). Comprehensive description of such a complex system
is very difficult and therefore only by successive approximations and simplifi-
cations it is possible to describe the phenomena occurring in the coastal zone of
the sea. Despite that in recent years there has been a significant progress, still
many issues remain unresolved.

The objective of this paper is the review of sediments transport models. It
has been indicated that the primary advantage of the two- and three-layer
models in comparison with classic models, based on empirical and semi-
empirical relations, is the fact, that such models allows to evaluate a concentra-
tion of sediments at any level, depending on the instantaneous hydrodynamic
force. The proposed three-layer theoretical model of graded sediments trans-
port providing a complete theoretical description of the vertical structure of
transportation of the sandy sediment of a various grain size. Using this model,
it is possible to predict an amount of moving sandy sediments of various grain
size, as well as there is a possibility to predict the size of the transport of
individual fractions.

Sediment transport in the coastal zone
Hydrodynamic processes (waving and wave driven currents) are the driv-

ing force of the sediment transport and the evolution of seabed. Actual
parameters of morphodynamic and lithodynamic processes depend on the kind
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of sediment which residues in the seabed and on the supply of these fractions of
sediment that are susceptible to the effects of water flow in the bottom layer
(transportation in the form of bedload transport and suspended as a result of
shear bottom stresses impact). First of all, the parameters of the litho — and
morphodynamic processes depend on the wave climate, the bathymetric
bottom arrangement and hydrotechnical facilities in the coastal zone of the
sea.

In the traditional division (GRADZINSKI et al. 1986) adopted in considera-
tions concerning the transport of sediment, the sediments are transported in
three layers, starting from the lowest point: bedload, saltation and in the layer
of suspended sediments. The bedload layer covers an area below the bottom of
the theoretical level of very high concentration of sediment particles set in
motion under the influence of the shear stress impacting the bottom surface.
Shearing the bottom layer being the result of shear stress causes only a slight
increase in the space between the particles of sediment. Surface friction and
intermolecular collisions cause energy transfer between individual molecules
of the sediment. The thickness of the bedload layer ranges from one to several
tens of sediment grain diameters (NIELSEN 1992, O’'DONOGHUE, WRIGHT 2003).
In saltation layer with a thickness of about few centimeters, the sediment
particles are transported and they are raised from the bottom as a result of
turbulent pulsations and punching through the falling sediment particles on
the small height above the bottom. Due to the short time of the particles
staying in suspension, their transport depends on the oscillation velocity of the
wave motion (GRADZINSKI et al. 1986). Suspension layer with a thickness of
about meters covers an area over the saltation layer up to the free surface of
the water column. In this layer, sediment particles reside for a period longer
than the period of the wave, and their resultant transport is mainly related to
the return current which is characteristic for the coastal zone of the sea. To
describe the transport of sediment in suspension it is applied the theory of
compensating return current (SVENDSEN 1984).

Sediment transport may take place in two basic regimes. In the regime in
which the bottom is covered with bottom forms, e.g. in the form of ripples or in
the regime where the bottom is flat with a mobile “carpet” of sediments or flat
— stationary. The ability of occurrence of these sediment movement variants
depends primarily on the type of sediments building the sea bottom and on the
intensity of the waving impact on the bottom. To determine the size of the
driving force causing the movement of sediment, most commonly the Shields
parameter is used — 65, and this defines the dimensionless friction. It is
assumed, that the beginning of the sediment movement occurs when 6,5 =
= 0.05 (NIELSEN 1992).

The resultant sediment transport rate along the transverse profile of the
sea coast is the result of the coexistence of wave motion asymmetry and
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compensating return current. The consequence of the wave motion asymmetry
is the asymmetry of orbital velocity of water at the bottom between the wave
crest and the through (CHEN et al. 2010, ZHENG 2007, YHENG et al. 2008).
There is a far greater impact on the bottom during the wave crest than during
the through. As a result, the individual fractions of the bed sediment are more
intensively transported in landward than in seaward direction (Fig. 1). Despite
the fact that the duration of the wave through is longer than the crest, only
small diameter grains participate in the motion. During the wave crest, the
wider spectrum of sediment particles is transported.

Ucrest Ucrest
—— " large onshore movement

i net movement

Utrough
Utrough
small offshore movement : <=
A
(asymmetric wave velocity) (net-transport in wave direction)

Fig. 1. Resultant sediments transport rate under the influence of the asymmetric waves
Source: Hassan (2003).

As demonstrated by laboratory tests, carried out in the oscillatory tunnel
(RIBBERINK, AL-SALEM 1994), the resultant sediment transport rate with the
representative median diameter of d5o = 0.21 mm is in landward direction, i.e.
compatible with the direction of wave propagation. For fine-grained sediment
of d5o = 0.13 mm, RIBBERINK and CHEN (1993) obtained the opposite (from the
coast) transport direction. It turns out that under conditions of strong wave
functions, the resultant sediment transport changes its direction (Fig. 2). The
reason for this is the fact that the suspension during the wave through (in
seaward direction of the water orbital velocity) of fine grains of sediment,
previously raised from the bottom during the wave crest, moves in seaward
direction. Sediment particles remain in suspension for the duration of the wave
through due to the low speed of their descent. The phase lag (arising as a result
of the above situation) between the maximum speed of the water and the
maximum concentration of sediment can be particularly well noted for the fine
sediment, transported by the strong and short-term waves (DOHMEN-JANSSEN,
HANES 2002, JANSSEN 1995, O’DONOGHUE, WRIGHT 2004, VAN DER A et al.
2010). As a result, both the effect of the phase lag and the impact of return
current result that the resultant transport of the finest fractions of sediment is
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directed towards the sea. The magnitude of the volumetric sediment transport
intensity depends thus on: the intensity of the impact of wave motion on the
seabed, the asymmetry of wave motion, bed sediment grain size composition,
as well as on the value of the return current.

transport rate X 1076 [mz/s]
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,onshore” transport

100

50 +
+

0 e et

* D50 =0.13 mm
=50 + Dso = 0.21 mm

-100
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0

Fig. 2. Resultant sediments transport under the influence of the asymmetric waves
Source: on the basis of: (*) RIBBERINK, CHEN (1993), (+) RIBBERINK, AL-SALEM (1994); following: HassAN
(2003).

The average size of the shallow sea sediment particles decreases with
increasing distance from the coast. As a result of observations (PAWLUK 1984,
PAWLUK 1990) it was found, that the largest sediment sizes do occur in the area
of wave shoaling and it decreases with the increase of water depth. The nature
of the sediment which builds the bottom in the profile perpendicular to the
shoreline is closely related to the morphology of the coastal zone. Basically, in
the submerged bar throughs there are sediments with a lower median size
than on the crests of submerged bars (GUILLEN, 1995), on which the sediment
is not well sorted out and often characterized by bimodal particle size
distributions, without shapes typical for regular bimodal distributions. Bi-
modal distributions with a clear dominance in the field of fine fractions and
mode of coarse fractions as a form of long and flat tail — otherwise known as
bimodal distributions negatively sloped — occur on slopes of submerged bars
(PrUSZAK 1998). On the seaward slopes of submerged bards, the nature of
sediment is usually unimodal and well sorted out. Sometimes in the distribu-
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tion of sediment grain size it is possible to distinguish such a small mode
within the fine fractions and dominant mode of coarse fractions (bimodal
distribution positively sloped).

Modeling the sediment transportation
in the flat bottom regime

The sediment transport rate, under the action of waves and currents is
defined as integrated (summed by depth) product of velocity and sediment
concentration. The sediment transport rate is highly variable during the
period of the wave. Stationary models of sediments transport models base on
the analytical or numerical solution of basic equations of momentum (amount
of motion) and the continuity of the fluid and the equation mass conservation
— equation of diffusion-advection. Stationary models describe the transport of
bottom sediment in the simplified manner. In this case, the empirical or
quasi-empirical formulas are used. They are based mainly on the characteristic
parameters of the wave motion, such as: the maximum (in wave period) water
velocity at the bottom or the maximum bottom friction value. Sediment
transport models can be divided into three main groups, according to the
criterion of how to describe the vertical structure of the sediment transport:

— models describing suspended sediment transport,

— models describing bedload sediment transport,

— two- and three-layer models, i.e. describing the transport of suspended
and bedloaded sediments; possible third layer describes transition region
between the layers and corresponds to the saltation layer.

Suspended sediment transport models put the emphasis on the solution of
the equations of water momentum and advection — diffusion equation descri-
bing the instantaneous concentration of sediment being suspended. In case of
flat bed (1DV), i.e. when only the variability of flows in vertical is taken into
consideration, it is possible to express as follows:

(1)

where:
C = C(z, t) — instantaneous volumetric concentration of the suspended sedi-
ment [m?/m?],

Ws — sediment grains falling speed [m/s],
& = &lz, t)- factor of sediment diffusion turbulence in the vertical profile
[m?s],
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whereas the volumetric concentration is possible to be defined as follows:

C=—= (2)

where:
V., - volume of the ground control volume,
V, — pores volume.

To determine the sediment concentration distribution in the vertical profile
it is necessary to know the size of the concentration at reference level, i.e. at
the lower limit of the modeling. In simplified models, it is generally assumed
that the turbulent diffusion factor is constant in time — mostly during the wave
period. In addition, it is assumed its constancy throughout the whole depth
range. In addition, sometimes, additional simplification may also relate to the
concentration at reference level. It can be determined using empirical or
semi-empirical functions, making the concentration dependent on the friction
along the bottom surface (e.g. ENGELUND, FREDS@E 1976, GLENN, GRANT 1987,
GRANT, MADSEN 1986, MADSEN, GRANT 1976, ZYSERMAN, FREDSgE 1994).

A detailed review of models of suspended sediment transport in the regime
of flat bottom can be found in the works: AMOUDRY, Liu (2010), DAVIES,
VILLARET (2002), DAVIES et al. (1997), DOHMEN-JANSSEN (1999).

In the description of sediment transport, in the bedload layer, strong
influence of interactions between sediment particles causes the necessity of
a different approach to the description of transport than the concept of
diffusion, used in the suspension layer. BAGNOLD (1956) introduced the
postulate of “dispersion stress” in the bedload layer, which is the result of
sediment grains presence in the soil and water mixture and he showed that as
a result of shear of soil and water layer, due to the presence of sediment grains
in the mixture, there is an additional normal (causing the relaxation of water
and soil mixture) and tangential stress generated. SAYED and SAVAGE (1983),
using the results of experimental researches on the mechanics of granular
media, proposed the constitutive equations to describe the state of stress and
strain, as well as associated relations used to describe normal and tangential
stresses resulting from the momentum transfer between particles of sediment
on their mutual collisions.

Holistic modeling — describing transport within the whole area of sediment
movement, i.e. taking into account the total of bedload and suspended sedi-
ment transport in the regime of flat bottom, requires a description based on
a two-layer model (e.g. AMOUDRY et al. 2008, ASANO 1990, BAKHTYAR et al.
2010, DONG, ZHANG 2002, L1, SAWAMOTO 1995, Liu, SHEN 2010). The first
two-layer models were based on the classical bagnold approach (ASANO 1990,
KOBAYASHI, SEO 1985).
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KACZMAREK (1991) adapted the stationary description of sediment layer
motion, proposed by SAYED and SAVAGE (1983) for wave conditions. In order to
determine the instantaneous value of the sediment transport rates in bedload
layer, he used the instantaneous stresses at the upper surface of the bedload
layer. The resulting solution of the equations concerning movement in bedload
layer was in the next step “stitched” with the solution obtained in the
suspension layer, and obtained on the basis of diffusion — advective model
(1DV). KACZMAREK and OSTROWSKI in 2002 joined the third layer, so-called
contact load layer — between a bedload and suspension layers — using for its
description the proposal of DEIGAARD (1993). Deigaard’s description, adapted
by KACZMAREK and OSTROWSKI (2002) enabled the analysis of the momentum
exchange between the elements of water and sediment grains and the mutual
exchange of momentum (by way of chaotic collisions) between grains of
sediment. In turn, a more simplified version of 1DV modelling, rather more
similar to the model of KACZMAREK (1991) was presented by MALARKEY et al.
(2003).

The primary advantage of the two- and three-layer models in comparison
with classic models (formulas), based on empirical and semi-empirical rela-
tions, is the fact, that such models allows to evaluate a concentration of
sediments at any level, depending on the instantaneous hydrodynamic force.
Furthermore, they allow for the description of the vertical profiles of velocity
and sediment concentration throughout the entire area of sediment motion.

To describe the transport of sediments in the vertical profile, the various
models are used, e.g. UNIBEST-TC (BOSBOOM et al. 1998, RENIERS et al. 1995)
and CROSMORZ2000 (vaN R1JN 2000, VAN RIIN, WIJNBERG 1996) to describe the
bedload transport they use the quasi-stationary model of RIBBERINK (1998),
while for the description of the suspended transport — model of van RIJN (1993)
providing the size of averaged transport volume within the period of the wave.
COSMOS model (NAIRN, SOUTHGATE 1993, SOUTHGATE, NAIRN 1993) is based
on the Bailard’s model (1981), BEACH models (O’CONNOR, NICHOLSON 1989,
O’CONNOR et al. 1998), CIRC (RIVERO, SANCHEZ-ARCILLA 1993, SIERRA, SAN-
CHEZ-ARCILLA 1999) use the model of WATANABE (1980). These models, except
the CROSMOR2000 model do not take into account the graded sediment. In
CROSMOR2000 model, it is a priori assumed that some diameters of sediment
grains move within the bedload layer — to the coast and other within the
suspension layer — from the coast. Such an approach does not take into account
the fact, that along with the increase of the waving impact on the bottom, the
range of sediment diameters, transported from the coast in the suspension is
changed. Among others, for this reason, CROSMOR2000 model does not
describe the changes in grain size distribution in the coast cross profile which
is the result of the storm activity.
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Modeling of graded sediment transport

Graded sediment description is performed using the results of the
granulometric analysis, while the following relationship applies:

N
=1 3)

where:

n; — value describing the percentage size (fractional) of the i-th fraction in the
mixture of sediment which builds the bottom,

N - number of fractions in the mixture.

The biggest simplification used in the modeling of graded sediment trans-
port is the assumption that the intensity of transport (g) of all fractions of the
sediment is the sum of independent transport intensities (n,q;) of individual
fractions (BIEGOWSKI 2006):

N

q =X ng; 4)
i=1

The values of g [m?/s] and ¢; [m?/s] mean the grain skeleton flow intensity
(excluding the porosity) of a given flow volume per unit width and time. Value
of qi is the transport rate of homogenous sediment with a diameter of the i-th
fraction. It is assumed that this value does not depend on the presence of other
fractions in the mixture. Thus, the equation (4) means, that the simplified
model of mixture was adopted, assuming no interaction between the different
fractions of the sediment. In fact, the sediment fractions interact with each
other and the contribution of the various factions in the intensity of sediment
transport varies in relation to the situation when there is no interaction
between the fractions.

HASSAN (2003) presented the possibility to implement a quasi — stationary
model, proposed by BAILARD (1981), to describe the intensity of graded
sediment transport. It is assumed the sediment transport intensity in the
bedload layer depends on the representative diameter (median dso) of the
sediment of the bottom. However, in the suspension layer, because of the
variable fall velocity, depending on the particle diameter, the flow of sediment
transport depends on the diameter of individual sediments fractions. Thus,
with respect to the suspended sediment transport rate, there is a simplification
described by the equation of (4).

Within the frames of the simplification, described by the equation of (4),
RIBBERINK (1998) made the volume of individual deposit fractions transport
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dependent on the dimensionless friction, the most frequently described by the
Shields parameter, determined for each diameter of the sediment. In turn,
DOHMEN-JANSSEN (1999) has adopted the RIBBERINK’S (1998) quasi-stationary
model of graded sediments transport and she also introduced a modification,
taking into account the effect of the phase shift between suspended sediment
concentration and instantaneous velocity of water. In this way, it was possible
to achieve the simplified, two-way selective description of sediments transport,
wherein the coarser fractions move towards the coast, and finer fraction move
away from the coast.

However, the quasi-stationary models of graded sediments transport
(BAILARD 1981, RIBBERINK 1998) insufficiently describe the intensity of sedi-
ment transport due to hydrodynamic forcing. What’s more, they very poorly
describe the bidirectional effect of sediments transport within the coastal zone
of the sea (BIEGOWSKI 2006). In the last case, in the calculations carried out
with model of DOHMEN-JANSSEN (1999), it is possible to obtain better results,
although the best results are obtained only when the particle size of the
sediment is described with four fractions (HASSAN 2003). This description
makes it obviously impossible to characterize a natural sediment, deposited on
the bottom of the sea.

The three-layer model of graded sediments transport

Complete description of sediment transport, i.e. the description of grain
heterogeneous sediment transport within the entire area of motion may be
made on the basis of the three-layer model of graded sediments transport
(KACZMAREK et al. 2004). The model assumes that the movement of sediment is
carried out in three layers (Fig. 3): bedload layer, contact load layer and outer
flow region, as a result of the shear stress influence on the bottom. In the area
of each layer there is a different character of the deposits movement and the
momentum exchange between the water and sediment particles and therefore,
they are described with various equations. At the contact of layers, there is
a “stitching” of solutions, so as to ensure the continuity of sediment movement
description.

The model assumes that all fractions in the bedload layer move at the same
speed in the form of a dense water and soild mixture and sediments sorting is
carried out in this layer. It was assumed that the interactions between the
sediment fractions are so strong, that finer fractions are slowed down by the
coarser ones, and finally all fractions move at the same speed. Thus, this layer
does not apply to the simple summation of transport flow for individual
fractions, treated as the homogeneous sediment.
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Fig. 3. Scheme of the three-layer sediment transport model

The intensity of sediment transport in the bedload layer (KACZMAREK et al.
2004) towards the coast (for the duration of wave crest) ¢, and away from the
coast gy, respectively equals (see SAWCZYNSKI 2012, SAWCZYNSKI et al. 2011):

T. &
gis = %J(ju;,(z:t) @) dz’)dt (5)
0 0
and
T 5
Gox = le Juz;r(z’,t) ¢ (z’,t) dz’)dt (6)
T, 0
where:
T., T - wave crest duration, wave period,
)y — bedload layer thickness,
uhs — sediment velocity in the bedload layer,
chr - sediment concentration in the bedload layer,
z’ — elevation, while 2z’ axis directed vertically down.

The mathematical modeling takes into account the fact that the most
intensive vertical sorting takes place in the process of raising grains in the
contact load layer over the bottom. In the contact load layer, turbulent and

Technical Sciences 17(2)2014



176 Szymon Sawczyriski, Leszek M. Kaczmarek

chaotic pulsations of collision between particles cause very strong differentia-
tion transportation of individual fractions of the sediment. Very close to the
bottom — in a sublayer, where in the distribution of the i-th fraction of
sediments, the slip speed is strongly revealed — there is a very strong
interaction between the individual fractions, resulting in mutual chaotic
collisions. In a further distance from the bottom, these interactions between
fractions are subject to weakening. However, the concentration of the i-th
fraction is so high as to cause turbulence suppression, while this suppression is
dependent on the grain diameter di. It was assumed, that each i-th fraction, as
a result of interactions, moves with its own speed, and it is characterized by its
own concentration. Coarser fractions velocities and concentrations, calculated
in the contact load layer are greater than the size of which would have these
fractions if the bottom is homogenous and made of only one, corresponding
fraction. This increase in speed in the mixture is the result of interactions
between fractions where coarser ones are accelerated by the finer ones.

The intensity of sediment transport in the contact load layer (KACZMAREK
et al. 2004) towards the coast ¢ and away from the coast gz may be
respectively described as (see SAWCZYNSKI 2012, SAWCZYNSKI et al. 2011):

N T, &
@ =3 n, (%j Ju:i(z,t) cHz,b) dz)dt) 1)
i=1
0 0
and
N 1 T &
Qo = Z n; (T J ( Ju;(z,t) ci(z,t) dz)dt) (8)
i=1 AR
where
0 — contact load layer thickness,
n; - percentage content of the i-th fraction,
ult~ — velocity of the i-th fraction in the contact load layer,
c&/~ — concentration of the i-th fraction in the contact load layer.

In the outer layer, over the contact load layer, it is assumed that there is no
change in the particle size distribution of the transported sediment. The
vertical distribution of concentration in this layer is described by a power
function.

The transport flow in the outer layer (KACZMAREK et al. 2004) can be
expressed with the following formulas (see SAWCZYNSKI 2012, SAWCZYNSKI
et al. 2011):
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H

@ = jng<z>co<z>dz ©)
e
H

Gy = j%(z)co(z)dz (10)

8

where, Cy means the averaged in time value of suspended sediment mixture
concentration and U, and U,, are current velocities, resulted from waving (in
the coastal zone of the sea) of the respectively return current (directed towards
the sea) and alongshore current, generated as a result of waves propagation at
the angle to the cross profile of the coast.

BIEGOWSKI (2006) in his doctoral dissertation, using a three-layer model of
graded sediments transport, conducted, among others, the analysis of grain
distribution variability on the profile, exhibiting at the same time a usefulness
of the model. He explained the essence of formation of a various grain
distributions (unimodal and bimodal) during a short-term storm, depending on
the position of the calculation point on the profile (from the sea or from the
coast) and the occurring phenomenon of erosion or accumulation as a result of
the bi-directional stream of deposits. This bi-directional flow is related to the
transport of sediment at the bottom, faced towards the coast as a result of the
asymmetry of wave motion and transport of sediments carried away into the
sea by the return current.

Summary and conclusions

As a result of the review of sediments transport models, presented in this
paper, it has been indicated that the primary advantage of the two- and
three-layer models in comparison with classic models (formulas), based on
empirical and semi-empirical relations, is the fact, that such models allows to
evaluate a concentration of sediments at any level, depending on the instan-
taneous hydrodynamic force. Furthermore, they allow for the description of
the vertical profiles of velocity and sediment concentration throughout the
entire area of sediment motion. The three-layer theoretical model of graded
sediments transport details the bedload, contact load layer and outer flow
region. Character of interactions between water and sediments is different in
each of the above layers and that is why they are described in different
equations, while at the contact between the layers there is a stitching of
solutions, providing a complete theoretical description of the structure of
transportation of the sandy sediment of a various grain size. Using this model,
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it is possible to predict an amount of moving sandy sediments of various grain
size, as well as there is a possibility to predict the size of the transport of
individual fractions. As a result, the knowledge of grain size may be crucial,
e.g. in planning and conducting works associated with artificial sand supply.
The silt material extracted from the navigation channel is often used to
reinforce the edge in the vicinity of ports and therefore knowledge of the
particle size distribution is very important. Based on the three-layer model of
graded sediment transport, it is possible to determine the bathymetry changes
taking place under the influence of variations in the flow of sediment transport
of non-uniform grain size, and to determine the mutual impact of changes in
grain size of sediments and evolution of the bottom profile.

References

ALLEN J.R.L. 1977. Fizyczne procesy sedymentacji. PWN, Warszawa.

Awmoupry L., Hsu T.J., L P.L.-F. 2008. Two-phase model for sand transport in sheet flow regime.
Journal of Geophysical Research, 113, C03011, doi:10.1029/2007JC004179.

Asano T. 1990. Two-plane flow model on oscillatory sheet-flow. Proc. 22nd Int. Conf. Coast. Eng.,
ASCE, p. 2372-2384.

BacoNoLD R.A. 1956. The Flow of Cohesionless Grains in Fluids. Phil. Trans. Roy. Soc., Ser. A, 249:
235-2917.

BaiLARD J.A. 1981. An energetics total load sediment transport model for a plane sloping beach.
J. Geophys. Res., 86(C11): 10938-10954.

BAKHTYAR R., BARRY D.A., YEGANEH-BAKHTIARY A., L1 L., PARLANGE J.-Y., SANDER G.C. 2010. Numerical
simulation of two-phase flow for sediment transport in the inner-surf and swash zones. Advances in
Water Resources, 33(3): 277-290.

Biecowski J. 2006. Dynamika osadéw morskich o niejednorodnym uziarnieniu w Swietle teorii
i eksperymentu. PhD thesis, IBW PAN.

BosBooM J., KLorMAN G., RENIERS A, STIVE ML.J.F. 1998. Analytical model for wave-related sediment
transport in flat bed sheet flow regime. Proc. 26th ICCE, ASCE, Reston VA, p. 2573-2586.

CHEN X.W., ZHENG J.H., ZHANG C., YANG X. 2010. Evaluation of diffraction predictability in two phase
averaged wave models. China Ocean Engineering, 24(2): 235-244.

Davies A.G., RIBBERINK J.S., TEMPERVILLE A., ZYSERMAN dJ.A. 1997. Comparisons between sediment
transport models and observations made in wave and current flows above plane beds. Coastal
Engineering, 31: 163-198.

Davies A.G., VILLARET C. 2002. Prediction of sand transport rates by waves and currents in the coastal
zone. Cont. Shelf Res., 22(18-19): 2725-2737.

DEIGAARD R. 1993. Modelling of sheet flow: dispersion stresses vs. the diffusion concept. Prog. Rep., 74,
Inst. Hydrodyn. and Hydraulic Eng., Tech. Univ. Denmark, p. 65-81.

DonmEN-JANSSEN M.C. 1999. Grain size influence on sediment transport in oscillatory flow. FEBO-
DRUK BV, Enschede, The Netherlands.

DonmEN-JanssEN C.M., Hanes D.M. 2002. Sheet flow dynamics under monochromatic nonbreaking
waves. Journal of Geophysical Research, 107(C10), doi:10.1029/2001JC001045.

Dona P., Zuanc K., 2002. Intense near-bed sediment motions in waves and currents. Coastal Eng.,
45(2): 75-87.

Druer C., KowaLk Z. 1970. Dynamika morza. Wydawnictwo Morskie, Gdansk.

ENGELUND F., FREDSgE J. 1976. A sediment transport model for straight alluvial channel. Nordic
Hydrology, 7.

Technical Sciences 17(2)2014



Sediment Transport in the Coastal Zone 179

GLENN S.M., GranT W.D. 1987. A suspended sediment stratification correction for combined wave
and current flows. J. Geophys. Res., 92(C8): 8244-8264.

GrapziNskI R., KosTecka A., Rapomski A., UNruc R. 1986. Zarys sedymentologii. Wydawnictwo
Geologiczne, Warszawa.

GRraNT W.D., MaDsEN O.S. 1986. The continental-shelf bottom boundary layer. Annu. Rev. Fluid
Mech., 18: 265-305.

GUILLEN J. 1995. Sediment response in a littoral system, Island of Terschelling, The Netherlands.
Report 90-20, Dep. Of Phys. Geography, Univ of Utrecht, The Netherlands.

Hassan W.N. 2003. Transport of size-graded and uniform sediments under oscillatory sheet-flow
conditions. PhD Thesis, Univ. of Twente, The Netherlands.

JANssEN C.M. 1995. Sand Transport in Oscillatory Sheet-flow. A literature review. Communications
on Hydraulic and Geotechnical Engineering, Rep. No. 95-6, Delft Univ. of Technology, Faculty
of Civil Engineering.

Kaczmarek L.M. 1991. Mathematical model for oscillating sheet flow. Proc. Euromech 262 Collo-
quium on Sand Transport in Rivers, Estuaries and the Sea, A.A. Balkema/Rotterdam/Brook-
field, p. 197-202.

Kaczmarek L.M. 1999. Moveable Sea Bed Boundary Layer and Mechanics of Sediment Transport.
IBW PAN, Gdansk.

KaczmaRek L.M., Biecowski J., OSTROWSKI R. 2004. Modelling cross-shore intensive sand transport
and changes of grain size distribution versus field data. Coastal Engineering, 51: 501-529.
Kaczmarek L.M., Ostrowskl R. 2002. Modelling intensive near-bed sand transport under wave-

current flow versus laboratory and field data. Coastal Engineering, 45(1): 1-18.

Kosavasar N., SEo S.N. 1985. Fluid and sediment interaction over a plane bed. J. Hydraul. Eng.,
111(6): 903-921.

L1 L., Sawamoro M. 1995. Multi-phase model on sediment transport in sheet-flow regime under
oscillatory flow. Coastal Eng. Jpn., 38(2): 157-178.

Liu C., SHEN Y.M. 2010. A three dimensional k-e-Ap model for water-sediment movement. Interna-
tional Journal of Sediment Research, 25(1): 17-27.

MabsenN O.S., GRanT W.D. 1976. Quantitative description of sediment transport by waves. Proc. 12th
Int. Conf. Coast. Eng., ASCE, p. 1093-1112.

MALARKEY J., Davies A.G., L1 Z. 2003. A simple model of unsteady sheet flow sediment transport.
Coastal Eng., 48(3): 171-188.

NamrN R.B., SoutHcate H.N. 1993. Deterministic profile modeling of nearshore processes. Part 2.
Sediment transport and beach profile development. Coastal Eng., 19: 57-96.

NieLseN P. 1992. Coastal bottom boundary layers and sediment transport. Advanced Series on Ocean
Engineering, 4.

O’conNOrR B.A., NicHOLSON dJ. 1989. Modelling changes in coastal morphology. In: Sediment
Transport Modeling. Ed. S.S.Y. Wang. ASCE, pp. 160-165.

O’coNNOR B.A, PaN S., NIcHOLSON dJ., MAcDONALD N., HUNTLEY D.A. 1998. A 2D model of waves and
undertow in sufr zone. Proc. Coastal Eng. ASCE, p. 286-296.

O’poNOGHUE T., WRIGHT S. 2004. Flow tunnel measurements of velocities and sand flux in oscillatory
sheet flow for well-sorted and graded sands. Coastal Engineering, 51(11-12): 1163-1184.

PawLuk K. 1984. Segregacja materiatu osadowego. Prace wewnetrzne IBW PAN, Gdansk.

PawLuk K. 1990. Materiat piaszczysty strefy brzegowej. Studia i Materialy Oceanograficzne, 55.

PruszaAk Z. 1998. Dynamika brzegu i dna morskiego. IBW PAN Gdansk.

RENIERs A.J.H.M., ROELVINK J.A., WALSTRA D.J.R. 1995. Validation study of UNIBEST-TC; validation
against the LIP 11D experiment. Report H2130, Delft Hydraulics.

RIBBERINK J.S. 1998. Bed load transport for steady flows and unsteady oscillatory flows. Coastal
Engineering, 34: 59-82.

RIBBERINK J.S., AL-SALEM A. 1994. Sediment transport in oscillatory boundary layers in cases of rippled
beds and sheet flow. Journal Geoph. Res., 99(C6): 2707-2727.

RiBBERINK J.S., CHEN Z. 1993. Sediment transport of fine sand under asymmetric oscillatory flow.
Report H840, part VII, WL-Delft Hydraulics.

Rivero F.J., SANCHEZ-ARCILLA A. 1993. Propagation of linear gravity waves over slowly varying depth
an currents. In: Waves’93 Eds. O.T. Magoon, J.M. Hamsley, Proc. 2nd International Symposium
Ocean Wave Measurement and Analysis, New Orleans, ASCE, p. 518-532.

Technical Sciences 17(2)2014



180 Szymon Sawczyriski, Leszek M. Kaczmarek

SawczyNskI S. 2012. Bathymetry changes and sediment sorting within coastal structures: a case of the
silting-up of navigation channels. PhD thesis, University of Technology in Koszalin (in Polish).

SawczyNskr S., KaczMAREK L.M., Biecowski J. 2011. Bathymetry changes and sand sorting during
silting up of the channels. Part 2. Modelling versus laboratory data. Technical Sciences, 14(2):
171-192.

SaveEp M., Savace S.B. 1983. Rapid gravity flow of cohesionless granular materials down inclined
chute. J. Applied Mathematics and Physics (ZAMP), 34: 84-100.

SIERRA J.P., SANCHEZ-ARcCILLA A. 1999. CIIRC-LIM runs for Egmond Pilot Experiment. Report
RR-CIIRC/AHC-99-1, University of Catalunya, Spain.

SouTHGATE H.N., NAIRN R.B. 1993. Deterministic profile modelling of nearshore processes. Part 1.
Waves and currents. Coastal Engineering, 19(1-2): 27-56.

SVENDSEN L.A. 1984. Mass flux and undertow in a surf zone. Coastal Engineering, 8: 347-365.

ZueENG J.H. 2007. Depth-dependent expression of obliquely incident wave induced radiation stress.
Progress in Natural Science, 17(9): 1067-1073.

ZHENG J.H., Mast H., DEMIRBILEK Z., LIN L. 2008. Implementation and evaluation of alternative wave
breaking formulas in a coastal spectral wave model. Ocean Engineering, 35(11-12): 1090-1101.

vaN DErR A D.A., O’poNoGHUE T., RiBBERINK J.S. 2010. Measurements of sheet flow transport in
acceleration-skewed oscillatory flow and comparison with practical formulations. Coastal Engine-
ering, 571 331-342.

vaN RN L.C. 1993. Principles of sediment transport in rivers, estuaries and coastal seas. Aqua
Publications, The Netherlands.

vaN Run L.C. 2000. General view on sand transport by currents and waves. 72899.30, Delft
Hydraulics, Delft, The Netherlands.

vaN Run L.C., WunBERG K. M. 1996. One-dimensional modelling of individual waves and wave-
induced longshore currents in the surf zone. Coastal Engineering, 28: 121-145.

WaranaBe A., RiHo Y., Horikawa K. 1980. Beach profiles and on-offshore sediment transport. Proc.
17 Conf. Coastal Eng. ASCE.

ZySERMAN J.A., FREDS@E J. 1994. Data analysis of bed concentration of suspended sediment. J. Hydraul.
Res., 120(9): 1021-1042.

Technical Sciences 17(2)2014



Guide for Autors

Introduction

Technical Sciences is a peer-reviewed research Journal published in English by the
Publishing House of the University of Warmia and Mazury in Olsztyn (Poland). Journal
is published continually since 1998. Until 2010 Journal was published as a yearbook, in
2011 and 2012 it was published semiyearly. From 2013, the Journal is published
quarterly in the spring, summer, fall, and winter.

The Journal covers basic and applied researches in the field of engineering and the
physical sciences that represent advances in understanding or modeling of the perform-
ance of technical and/or biological systems. The Journal covers most branches of
engineering science including biosystems engineering, civil engineering, environmental
engineering, food engineering, geodesy and cartography, information technology, mech-
anical engineering, materials science, production engineering etc.

Papers may report the results of experiments, theoretical analyses, design of
machines and mechanization systems, processes or processing methods, new materials,
new measurements methods or new ideas in information technology.

The submitted manuscripts should have clear science content in methodology,
results and discussion. Appropriate scientific and statistically sound experimental
designs must be included in methodology and statistics must be employed in analyzing
data to discuss the impact of test variables. Moreover there should be clear evidence
provided on how the given results advance the area of engineering science. Mere
confirmation of existing published data is not acceptable. Manuscripts should present
results of completed works.

There are three types of papers: a) research papers (full length articles); b) short
communications; c) review papers.

The Journal is published in the printed and electronic version. The electronic version
is published on the website ahead of printed version of Technical Sciences.

Technical Sciences does not charge submission or page fees.

Types of paper
The following articles are accepted for publication:

Reviews

Reviews should present a focused aspect on a topic of current interest in the area of
biosystems engineering, civil engineering, environmental engineering, food engineering,
geodesy and cartography, information technology, mechanical engineering, materials
science, production engineering etc. They should include all major findings and bring
together reports from a number of sources. These critical reviews should draw out
comparisons and conflicts between work, and provide an overview of the ’state of the
art’. They should give objective assessments of the topic by citing relevant published
work, and not merely present the opinions of individual authors or summarize only work
carried out by the authors or by those with whom the authors agree. Undue speculations
should also be avoided. Reviews generally should not exceed 6,000 words.

Research Papers

Research Papers are reports of complete, scientifically sound, original research
which contributes new knowledge to its field. Papers should not exceed 5,000 words,
including figures and tables.

Technical Sciences 17(2)2014



Short Communications

Short Communications are research papers constituting a concise description of
a limited investigation. They should be completely documented, both by reference list,
and description of the experimental procedures. Short Communications should not
occupy more than 2,000 words, including figures and tables.

Letters to the Editor
Letters to the Editor should concern with issues raised by articles recently published
in scientific journals or by recent developments in the engineering area.

Contact details for submission
The paper should be sent to the Editorial Office, as a Microsoft Word file, by e-mail:
techsci@uwm.edu.pl

Referees

Author/authors should suggest, the names, addresses and e-mail addresses of at least
three potential referees. The editor retains the sole right to decide whether or not the
suggested reviewers are used.

Submission declaration

After final acceptance of the manuscript, the corresponding author should send to
the Editorial Office the author’s declaration. Submission of an article implies that the
work has not been published previously (except in the form of an abstract or as part of
a published lecture or academic thesis or as an electronic preprint), that it is not under
consideration for publication elsewhere, that publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and
that, if accepted, it will not be published elsewhere in the same form, in English or in any
other language.

To prevent cases of ghostwriting and guest authorship, the author/authors of
manuscripts is/are obliged to: (i) disclose the input of each author to the text (specifying
their affiliations and contributions, i.e. who is the author of the concept, assumptions,
methods, protocol, etc. used during the preparation of the text); (ii) disclose information
about the funding sources for the article, the contribution of research institutions,
associations and other entities.

Language

Authors should prepare the full manuscript i.e. title, abstract and the main text in
English (American or British usage is accepted). Polish version of the manuscript is not
required.

The file type

Text should be prepared in a word processor and saved in doc or docx file (MS Office).
Article structure

Suggested structure of the manuscript is as follows:

Title

Authors and affiliations

Corresponding author

Abstract

Keywords

Introduction

Material and Methods

Results and Discussion

Technical Sciences 17(2)2014



Conclusions
Acknowledgements (optional)
References

Tables

Figures

Subdivision — numbered sections

Text should be organized into clearly defined and numbered sections and subsec-
tions (optionally). Sections and subsections should be numbered as 1. 2. 3. then 1.1 1.2
1.3 (then 1.1.1, 1.1.2, ...). The abstract should not be included in numbering section.
A brief heading may be given to any subsection. Each heading should appear on its own
separate line. A single line should separate paragraphs. Indentation should be used in
each paragraph.

Font guidelines are as follows:

— Title: 14 pt. Times New Roman, bold, centered, with caps

— Author names and affiliations:12 pt. Times New Roman, bold, centered, italic, two
blank line above

— Abstract: 10 pt. Times New Roman, full justified, one and a half space. Abstract should
begin with the word Abstract immediately following the title block with one blank line
in between. The word Abstract: 10 pt. Times New Roman, centered, indentation
should be used

— Section Headings: Not numbered, 12 pt. Times New Roman, bold, centered; one blank
line above

— Section Sub-headings: Numbered, 12 pt. Times New Roman, bold, italic, centered; one
blank line above

— Regular text: 12 pt. Times New Roman, one and a half space,full justified, indentation
should be used in each paragraph

Title page information
The following information should be placed at the first page:

Title
Concise and informative. If possible, authors should not use abbreviations and
formulae.

Authors and affiliations

Author/authors’ names should be presented below the title. The authors’ affiliation
addresses (department or college; university or company; city, state and zip code,
country) should be placed below the names. Authors with the same affiliation must be
grouped together on the same line with affiliation information following in a single block.
Authors should indicate all affiliations with a lower-case superscript letter immediately
after the author’s name and in front of the appropriate address.

Corresponding author

It should be clearly indicated who will handle correspondence at all stages of
refereeing and publication, also post-publication process. The e-mail address should be
provided (footer, first page). Contact details must be kept up to date by the correspond-
ing author.

Abstract
The abstract should have up to 100-150 words in length. A concise abstract is
required. The abstract should state briefly the aim of the research, the principal results

Technical Sciences 17(2)2014



and major conclusions. Abstract must be able to stand alone. Only abbreviations firmly
established in the field may be eligible. Non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords

Immediately after the abstract, author/authors should provide a maximum of
6 keywords avoiding general, plural terms and multiple concepts (avoid, for example,
‘and’, ‘of’). Author/authors should be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible.

Abbreviations

Author/authors should define abbreviations that are not standard in this field.
Abbreviations must be defined at their first mention there. Author/authors should
ensure consistency of abbreviations throughout the article.

Units
All units used in the paper should be consistent with the SI system of measurement.
If other units are mentioned, author/authors should give their equivalent in SI.

Introduction

Literature sources should be appropriately selected and cited. A literature review
should discuss published information in a particular subject area. Introduction should
identify, describe and analyze related research that has already been done and summar-
ize the state of art in the topic area. Author/authors should state clearly the objectives of
the work and provide an adequate background.

Material and Methods

Author/authors should provide sufficient details to allow the work to be reproduced
by other researchers. Methods already published should be indicated by a reference.
A theory should extend, not repeat, the background to the article already dealt within
the Introduction and lay the foundation for further work. Calculations should represent
a practical development from a theoretical basis.

Results and Discussion

Results should be clear and concise. Discussion should explore the significance of the
results of the work, not repeat them. A combined Results and Discussion section is often
appropriate.

Conclusions
The main conclusions of the study may be presented in a Conclusions section, which
may stand alone or form a subsection of a Results and Discussion section.

Acknowledgements

Author/authors should include acknowledgements in a separate section at the end of
the manuscript before the references. Author/authors should not include them on the
title page, as a footnote to the title or otherwise. Individuals who provided help during
the research study should be listed in this section.

Artwork
General points

— Make sure you use uniform lettering and sizing of your original artwork

Technical Sciences 17(2)2014



— Embed the used fonts if the application provides that option

— Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol

— Number equations, tables and figures according to their sequence in the text

— Size the illustrations close to the desired dimensions of the printed version

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is’ in the native document format

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please ‘Save as’ or convert the images to one of the following
formats (note the resolution requirements given below):

EPS (or PDF): Vector drawings, embed all used fonts

JPEG: Color or grayscale photographs (halftones), keep to a minimum of 300 dpi

JPEG: Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi or combinations bitmapped line/half-tone (color or grayscale), keep to a mini-
mum of 500 dpi

Please do not:

— Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPGQ); these
typically have a low number of pixels and limited set of colors

— Supply files that are too low in resolution

— Submit graphics that are disproportionately large for the content

Color artwork

Author/authors should make sure that artwork files are in an acceptable format
(JPEG, EPS PDF, or MS Office files) and with the correct resolution. If, together with
manuscript, author/authors submit color figures then Technical Sciences will ensure
that these figures will appear in color on the web as well as in the printed version at no
additional charge.

Tables, figures, and equations

Tables, figures, and equations/formulae should be identified and numbered consecu-
tively in accordance with their appearance in the text.

Equations/mathematical and physical formulae should be presented in the main
text, while tables and figures should be presented at the end of file (after References
section). Mathematical and physical formulae should be presented in the MS Word
formula editor.

All types of figures can be black/white or color. Author/authors should ensure that
each figure is numbered and has a caption. A caption should be placed below the figure.
Figure must be able to stand alone (explanation of all symbols and abbreviations used in
figure is required). Units must be always included. It is noted that figure and table
numbering should be independent.

Tables should be numbered consecutively in accordance with their appearance in the
text. Table caption should be placed above the table. Footnotes to tables should be placed
below the table body and indicated with superscript lowercase letters. Vertical rules
should be avoided. Author/authors should ensure that the data presented in tables do not
duplicate results described in figures, diagrams, schemes, etc. Table must be able to
stand alone (explanation of all symbols and abbreviations used in table is required).
Units must be always included. As above, figure and table numbering should be
independent.

Technical Sciences 17(2)2014



References

References: All publications cited in the text should be presented in a list of
references following the text of the manuscript. The manuscript should be carefully
checked to ensure that the spelling of authors’ names and dates of publications are
exactly the same in the text as in the reference list. Authors should ensure that each
reference cited in the text is also present in the reference list (and vice versa).

Citations may be made directly (or parenthetically). All citations in the text should
refer to:

1. Single author

The author’s name (without initials, with caps, unless there is ambiguity) and the
year of publication should appear in the text

2. Two authors

Both authors’ names (without initials, with caps) and the year of publication should
appear in the text

3. Three or more authors

First author’s name followed by et al. and the year of publication should appear in
the text

Groups of references should be listed first alphabetically, then chronologically.

Examples:

“... have been reported recently (ALLAN, 1996a, 1996b, 1999; ALLAN and JONES, 1995).

KRAMER et al. (2000) have recently shown...”

The list of references should be arranged alphabetically by authors’ names, then
further sorted chronologically if necessary. More than once reference from the same
author(s) in the same year must be identified by the letters “a”, “b”, “c” etc., placed after
the year of publication.

References should be given in the following form:

KumBHAR B.K., AGARVAL R.S., Das K. 1981. Thermal properties of fresh and frozen
fish. International Journal of Refrigeration, 4(3), 143-146.

MacHADO MLF., OLIVEIRA F.A.R., GEKAS V. 1997. Modelling water uptake and soluble
solids losses by puffed breakfast cereal immersed in water or milk. In Proceedings of the
Seventh International Congress on Engineering and Food, Brighton, UK.

NETER J., KUTNER M.H., NACHTSCHEIM C.J., WASSERMAN W. 1966. Applied linear
statistical models (4th ed., pp. 1289-1293). Irwin, Chicago.

THOMSON F.M. 1984. Storage of particulate solids. In M. E. Fayed, L. Otten (Eds.),
Handbook of Powder Science and Technology (pp. 365-463). Van Nostrand Reinhold,
New York.

Citation of a reference as ‘in press’ implies that the item has been accepted for
publication.

Note that the full names of Journals should appear in reference list.

Submission checklist

The following list will be useful during the final checking of an article prior to the
submission. Before sending the manuscript to the Journal for review, author/authors
should ensure that the following items are present:

— Text is prepared with a word processor and saved in DOC or DOCX file (MS
Office). One author has been designated as the corresponding author with contact
details: e-mail address

— Manuscript has been ’spell-checked’ and ’grammar-checked’

— References are in the correct format for this Journal

— All references mentioned in the Reference list are cited in the text, and vice versa

— Author/authors does/do not supply files that are too low in resolution

— Author/authors does/do not submit graphics that are disproportionately large for
the content

Technical Sciences 17(2)2014





