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Seismic Rehabilitation of the Assembly of Buildings Forming
the National Theatre in Bucharest

. .1
Mircea leremia

The assembly of buildings forming the National Theatre in Bucharest comprises four main parts/sections, as
follows:

Section A — the Main Hall and the stage tower;

Section B — Annexes ;

Section C - Studio Hall;

Section D — Technical room and underground parking lot.

The buildings that compose The National Theatre of Bucharest assembly were designed between 1963 and
1968. There weren’t significant degradations of the structural elements after the 1977 earthquake. On
17.08.1978, a fire burst in the Main Hall building and after that the theatre was totally rebuilt on the outside and
partially on the inside. It had to disappear the reinforced concrete “hat” and the old edifice was totally covered
with a carcass, which gives its actual shape. Following the State’s directions in that period, in 1983, The Institute
of Design “Carpati” elaborated a remodelation model of the Section A building — Main Hall — which changed the
stress structure of the building. In this way the Main Hall’s capacity was increased, by removing 4 of the 8
curved reinforced concrete walls, and it had been created a new fagcade that loads in a forbidden way the
structural elements of the adjacent parking lot.

Proposed stages; problems that need to be solved:

Consolidation of the stress structure (facade structure, main hall structure), stage tower and parking lot
structure;

Reshaping of the National Theatre building — section A, inspired from the London National Theatre —
Barbican Hall building, as well as from theatres in Los Angeles and Copenhagen;

Consolidation of section B (including offices, green rooms, gyms, smaller auditoriums), which suffered the
most significant damages from earthquakes;

Consolidation of section C — at present hosting the Musical Comedy Theatre (in the future it will host the
Studio Hall of the National Theatre), which will be reshaped according to an Elizabethan-type variable
geometry;

Three more auditoriums will be set up ;

The University Square will be reconfigured and several representative monuments will be added. Here are
some examples:

“The Clowns’ Cart” — a monumental sculpture displaying the main characters described by author lon Luca
Caragiale;

“The Crystal Monument”, accompanied by an eternal flame, dedicated to the memory of 1989 heroes;

“Caragiale’s Hat”, meant to emphasize the National Theatre image according to the model used before
1983.

The erection of a National Dance Centre (now operating inside the National Theatre building);

Most building services from the National Theatre will be renewed; examples: the air conditioning system,
the fire prevention system;

The number of seats in the auditoriums will be almost double, from 1720 at present to over 3100.

! Tehnical University of Civil Engineering Bucharest
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Hydroinformatics, an ICT solution for water-related problems

1
loana Popescu

Hydroinformatics addresses the use of modern ICT to communicate on environment with particular
interest on water related problems, presenting information on the actual state of the environment at specific user
locations and possible associated health threats to all people. Information on environment is gathered in one
place, where users can respond to what is presented. They can interact in a way they know from social networks
and other interactive forums on internet. The focus of the presentation is on the EU FP7 project called Lenvis,
which focused on the combined needs of government organisations and user groups. Lenvis takes into
consideration recent developments in ICT such as use of GPS for localisation and internet on mobile devices.
Internet has brought a wealth of information on any topic one could think of. However, it is the user who has to
compile useful information from all sources available.

Lenvis makes a difference in that it aims to present location-based information on basically all
environmental data in one portal. This web portal can be customised and parts of the website can be included in
other applications. The lenvis information is based on monitoring of water, air and health data as well as online
model outcomes in these three domains. Prototypes are built and practical tests are performed in case studies in
the Netherlands, Portugal and Italy. Particular topics which are addressed in these case studies are: water
pollution at recreational beaches and the associated health threats; smog alarms in urbanised areas and associated
asthma warnings; water quality information and flooding threats in urban and rural areas and dedicated
environmental and weather information for recreational users. The lenvis project run from October 2008 to
December 2010, involved 10 EU organisations and was funded by the EC FP7 programme. During these years a
team of professionals from universities, industries and governments cooperated closely and aimed to facilitate
collaboration between different stakeholders, such as environmental protection agencies, health institutions and
service providers, policy makers, citizens in general and environmental communities in Europe.

1 UNESCO-IHE Institute for Water Education, Delft, the Netherlands
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Complex research on land use in relation to relief factor using GIS
technology. Case study.

Biali Gabriela'

Abstract — Knowing how to use the lands on a certain territory is very important and a current topic,
consisting in the accumulation of precious information for various fields (hydrotechnical and
hydroameliorative improvement, environment, cadastre, etc). The paper presents an analysis of the usage
of the lands on a vast area, as well as the reports/relations that these have with various geographical
factors through an optimal improvement of the territory.

In order to develop such a complex study one has to have in mind the fact that the private property
represents a restrictive factor which is not good for the precision of the obtained data, moreover, a
solution would be a spatial database which can be processed in a GIS program. The software that was
used in this paper is TNT Mips 7.3, with its help we can research a territory both under the aspect of the
land’s usage as well as according to its dynamics in relation with the geomorphic factors, an analysis that
would be practically impossible without the GIS technique.

The paper will present products based GIS graphic data such as: The map of the use of the lands
(product resulted after the ortophotoplan): the hypsometric map of the studied perimeter, informational
layer of the altitudes; the map of the cliffs from the studied perimeter; informational layer of the declivity;
the map of the exposition of the versants on the studied perimeters Based on these distributions can be
executed criterial class: the balance of the categories of use of lands, the distribution of the classes of
altitude within the category of use of the lands; the distribution of the classes of cliffs within the categories
of use of the lands; the distribution of the exposition of the versants within the categories of usage of the
lands

Keywords — spatial database, GIS, relief, use of land.

1. INTRODUCTION

The use of the lands represents a way of using a surface according to the natural conditions, the social-
economic factors and according to the possibilities of developing the surfaces [1].

In the approach of the land’s usage intervenes the notion of landed fund, where ,lands of all kinds, no
matter their destination, no matter the title on which basis they are owned or no matter the public or private
domain from which they are a part of, constitute the landed fund of Romania” (article 1 from Law 18/1991, the
Law of the Landed Fund) [8].

In the study of the usage of the lands we find a coded characterization made from the point of view of the
destination of the land according to the purpose for which it is used. This is called category of use of the land .

For the development of such a complex study one has to have in mind that the private property represents a
restrictive factor which is not desirable for the accuracy of the obtained data, therefore it would be a solution the

! Technical University “Ghe. Asachi” of Iasi , Bd. D. Mangeron nr.65, 700050, Iasi, Romania (gbiali@yahoo.com)
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space database which can be processed in a GIS program. The software that was used in this paper is called TNT
Mips 7.3, which during this paper will show the profile of a study area from the point of view of the usage of the
lands [2].

The reference points used in the development of the paper can be found in the general urban Plan which
offers us access to a multitude of data which can be successfully processed in the approach of the paper, it can
also provide us with the spatial database without which it would have been harder to obtain satisfactory data [7].

The modeling based on the geographic information systems was the main criteria in choosing the working
instruments which stood at the base of the interpretation of the obtained results as well as at the base of the
cartographic representations [6].

Because of the modern methods, the geographical information systems have represented the main
instrument in processing the spatial database, in the interpretation of the results that were obtained and in their
cartographic representation.

2. DESCRIPTION OF THE RESEARCH METHODOLOGY

The case study is developed on a surface of aprox. 7000 ha within the territory of Scobinti commune, Iasi
county. The analysis was based on the modern methods of GIS technology, the TNT Mips 7.3 program, which
on the base of some input data (plans, maps, etc.), have had as a result new geographical data (analytic maps,
themes, profiles, diagrams, etc.), where we can find information about the categories of use of lands relief, soil,
the dynamics of the localities, etc.

The pieces of information were based on the following sources:

- topographic-cadastral maps 1:5000;

- topographic maps 1:25000;

- maps of soils 1:10000;

- general urban plan and improvement plan of the peri-urban territory Hirlau area (drawn pieces);

- ortophotoplans;

- vector data (geology, the limit of the relief units, Corine Land Cover 2000, the limits of the administrative
— territorial units — according to ANCPI);

- raster data (STRM, Austrian maps from 1910 redesigned in stereo ‘70).

On the basis of the level curves obtained from the topographical-cadastre plans 1:5000, in a first phase
were generated the numeric model of the land (DEM — Digital Elevation Model), after which there were obtained
thematic models concerning the exposition, the cliff and hypsometry.

The ortophotoplans and the map of the soils were a support in the realization of some vector layers
representing the categories of use of the lands, the types and subtypes of soil.

The drawn pieces within the general urban plan were georeferentiated through correspondence points with
the ortophotoplanns, being a reference in the establishment of the inner-urban limits and to obtain the data
concerning the types of existing roads in the territory.

On the basis of the vector polygons were calculated the surfaces of the basic units within the usage of the
lands and their correlation with raster data concerning the hypsometry, the cliffs and the exposition of the
versants.

Stages in the development of the maps of the lands with the help of the GIS technique
Input data (ortophotoplans);
Photointerpretation of the ortophotoplan;
The vectorization of a polygon layer (the limits of the categories of usage);
Supplying for each polygon an attribute which will show the category of usage;
Choosing a set of colors in order to visually differentiate each category of usage;
Adding the layer with the usage of the lands on a model within the GIS program;
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® Presenting the final product.

The study of the usage of the lands was possible with the help of the ortophotoplans, scale 1: 5000 and with
the help of the topographic-cadastre plans 1:5000, both were geodifferentiated having a 70 stereo projection,
which allowed the development of an analysis concerning the surfaces occupied by each category of use and
their localization within the administrative territory. For framing the categories of use were used cadastral
classifications.

The map of the use of the lands was obtained through the digitalization of the limits of the categories of
use, so that there were obtained polygons that allowed the automatic calculation of the surfaces and their
perimeters.

Concerning the quality of the ortophotoplan’s resolution, the pixel (the smallest measuring unit of the
raster) occupies a perimeter of 2 m and a surface of 0,5 x 0,5 m (0,25 mz), which lead to a detailed analysis.
Nevertheless there were difficulties in establishing the categories of usage in the area of the incorporated area
where the demarcation areas are very small and fragmented.

The total surface of Scobinti commune (according to ANCPI limit) is of 7148 ha, from which 6005,5 ha are
occupied by agricultural surfaces and 1142,7 by the surfaces that are not agricultural (from the GIS analysis).

From the analysis of the map it can be seen that the studied area is dominated by the arable surfaces, which
occupies 3682 ha, exceeding a little bit the percentage of 50% of the total surface. The explanations for this
dominance of the arable surface are related with the physical-geographical position (the depression area occupies
the biggest surface of the territory), the soils (present important characteristics which are favorable for plants),
and with the tradition of the population concerning their administration of the resources of the landed fund.

Legenda
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Fig. 1. The map of the use of the lands (product resulted after the ortophotoplan)

Fig.2. The balance of the categories of use of lands
(Processed data and data obtained with the help of the TNT mips7.3 program)
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3. RESULTS OBTAINED AND DISCUSSION

The relief is an important component in establishing the categories of use of the lands, which may impose
both restrictions as well as the favorability of placing these functions of altitude, cliff, exposition, etc.

Therefore, in the 2™ part of the paper is presented the relation between the relief of the area and the use of
the lands. With the help of the software we could create the informational layers from the spatial database for
altitude, cliff and exposition which will be presented as finished products.

In what the relations between the use of the lands and the relief are concerned, show the complexity of a
geographic information system in what a complex analysis is concerned.

Within the numeric model of the land there were generated, with the help of a script language, classes of
altitude, cliff and exposition. These layers may be brought individual and combined in the program, with one
category of use (there can be generated more vector layers from one vector layer, marking in the menu with
attributes the chosen polygons) being obtained text files data.

The GIS may be data generator (text files) for other programs like Excel, where there can be obtained
graphs concerning the current situation of the land.

In order to obtain a report between the soils and the usage of the lands the situation is a little bit different,
in the way in which we have to deal with two vector layers. At the development of the report there has to be a
raster layer and a vector layer. The vector polygons of the layer with soils were converted in raster so that the
text files were generated, text files that are meant to be important in Excel.

The altitude in Scobinti commune varies between 100 and 50 m, but the dominant one has values between
100 and 200 m, where the arable surfaces have the biggest variation.

Legenda
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Fig. 3. The hypsometric map of the studied perimeter, informational layer of the altitudes
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Fig. 4. The distribution of the classes of altitude within the category of use of the lands

The arable land has the biggest extension of the altitude level between 150 — 200 m, where it occupies a
surface of 1770,2 ha, and on the level with an altitude between 100 and 150m, it has 1023,4 ha. At high altitudes
the arable land occupies surfaces between 350 — 400 m, with 343 ha and between 400 -450 m with 229,7 ha
(fig.4). The pastures occupy the biggest surface at altitudes between 100-150 m, having a surface of 671,4 ha, but
this category of agricultural use dominates at altitudes of over 450 m, even if it occupies only 59,8 ha. The grass
lands are found especially at altitudes between 100 — 150 m, where they occupy a surface of 323,6 ha and at 150
— 200 m the grass lands have 179,2 ha. The vineyards and the orchards are dominantly situated at 150 — 200 m
(for vineyards — 124,7 ha) and 250 — 300 m (for orchards — 75,8 ha). The forests and other lands with forest
vegetation occupy important surfaces starting from the level of 250 -300 m, having 154,8 ha, after which
between 300-350 m are 172,6 ha and the biggest surface that is occupied is found between 350 — 400 m with
187,6 ha. In what the lands with waters are concerned, they are at altitudes under 100 m (55,2 ha), available
especially for the hom of Bahlui river and ponds. At altitudes that are between 100-250 m are lands with
constructions. The lands that are not productive occupy the largest part, 21 ha on the level of 100-150m.

The cliffs represent the cause of some geomorphologic processes and it considerably influences the way of
using the lands.
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Fig.6. The distribution of the classes of cliffs within the categories of use of the lands

The arable surface is mainly quartered on lands with and inclination of 10-15°, where they occupy 731,6
ha, but they are often found on cliffs with an inclination of 5-7°. The dominance of the arable lands progressively
drops in favor of pastures, where on the cliffs of over 25° have a surface of 513,3 ha.

The grass lands, as in the case of pastures, are found on cliffs that grow progressively, where they have
very often values of over 25°. The vineyards and the orchards can usually be found on versants with a bigger
inclination. In what the vineyards are concerned, the cliffs of over 25° hold the biggest rate with a surface of 74,3
ha. In what the forests are concerned, we find again a dominance of values of over 25° with a surface of 252,7
ha. The lands with waters are quartered on very small classes, from 1-3° to 3-5°. Within the categories of usage,
the lands with constructions have the biggest rate on classes of cliffs of under 1°; but their biggest extension is on
values of 10-15°. The lands that are not productive have the biggest difference of surface on cliffs of over 25°.

The exposition plays an important role, especially in the case of agricultural surfaces, where different
orientations of the versants are suitable for certain usages.
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Fig.8. The distribution of the exposition of the versants within the categories of usage of the lands

Although the North-East and East orientation is dominated in what the surface is concerned for almost each
use of land, the lands are distributed in a different way.

The balance of the arable surfaces within the land usage grows progressively from North to South, after
which it drops; instead the fields have a greater extension of the W and NW versants.

Vineyards have an important proportion within the usages of the versants of SE, of 5%, and the orchards
have an extension on the N and NW versants.

The forests that have a Northern orientation occupy 18% from the total of the use, but the biggest surface is
occupied by the NE versants with 181, 2 ha.

The lands with waters and the lands with constructions occupy the biggest part of the total of usages on
lands that are relatively leveled.

4. CONCLUSIONS

The way of using the lands reflects in a very good manner the directions and the conditions in which a
certain territory developed until now, as well as their specific aspects.

The analysis, developed with the help of a GIS program, was established through information of quantity
concerning the length, the surface and the relations between various thematic layers that have brought to light
certain behaviours of space that are meaning to show certain spatial phenomenon that are more or less visible.

Scobinti commune is dominated by the categories of agricultural usage, especially arable surfaces which
show an activity which is mainly oriented towards the primary sector. The agriculture which is done by the
population is in general of subsistence on small surfaces that are meant to satisfy only the personal needs of the
individual. These surfaces were and are today dominated by the cultivation of corn.
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The vineyards and the orchards represent an important category for Scobinti commune within the
development policies, thanks to the tradition and to the reputation which they earned in time.

The forest surfaces have a big extension in the West side of the territory, mounting opportunities of valuing
the tourism in areas as the forest massif of Basaraba Hill.

The rural incorporated areas developed along Bahlui River, this fact being related with the presence of the
phreatic waters near the surface, only Sticlaria village, which recently appeared, does not comply with this rule.

The studies concerning the usage of the lands and the improvement of the territory are necessary for
knowing the actual status of a territory, where the public authorities may have new visions concerning the
continuous development on a medium or long term.

In what the usage of GIS is concerned, it provides digital information about the real world from a certain
territory identified according to its geographical position. The information may be related with the placement,
connections between certain points in space, the topology of the network, different types of attributes.

In order to use GIS it is necessary to have hardware equipments, GIS programs, input data, analysis
methods, specialists in the field.

The advantages of using GIS are various, having examples in the planning of the projects, which may
contain many space components, being necessary certain thematic maps; when it comes to decisions when there
are certain litigations related with territorial disputes, private properties, investigations, detailed analysis of the
land, management of resources.
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Behaviour of Seismic Resistant Eccentrically Braced Frames

Flavia S. Florea

Abstract — This paper aims to observe the behaviour of eccentrically braced frames (EBF), both in
terms of the provisions of the Romanian design seismic code P100-1:2006 and the American Seismic
Provisions for Structural Buildings, and in terms of comparative numerical analysis for 4 of the widely
used eccentric bracing systems. Numerical simulations consist in static and dynamic nonlinear analysis for
a frame with a single span and 10 levels, eccentrically braced in four different systems. Results show main
advantages and disadvantages of eccentrically bracing systems and their application in engineering
practice.

Keywords — energy dissipation, nonlinear analysis, short link, plastic deformation

1. INTRODUCTION

Eccentrically braced frames (EBF) have been defined as systems that merge the properties of the moment
frames and the properties of concentrically braced frames. An eccentrically braced frame can provide structural
rigidity similar to that of concentrically braced frame and links subjected to lateral loads deform inelastically,
showing good energy dissipation capacity and high ductility, characteristics found in moment frames.

Hjelmstad and Popov use the ratio of link length (e) and frame length (L) to parameterize a continuous

e e
spectrum that ranges a moment resisting frame (I =1) to a concentrically braced frame (I =0). This ratio

allows balancing of lateral stiffness of the frame and inelastic deformation requirements for the elements, and
also indicates the contribution of stiffness brought by a bracing frame. It shows that for values of the ratio

€
I > (.5, bracings effect is not significant, the stiffness considerably increases for a ratio lower than 0.5. We

must still provide a sufficient length of the link to ensure ductility requirements of the framework elements
subjected to extreme demands [1].

EBF resist to horizontal loads by axially loaded elements, but they are designed to exhibit first plastic
deformations in links, provided to yield in bending moment and shear force according to their length.

Thus, the overall energy dissipation of EBF requires directing the hinges in links, while the connections
and the other elements of the frame (structural elements outside links) are designed to remain in the elastic range.
For a global behaviour without significant degradation of strength and stiffness to severe cyclic loading, in
properly designed EBF only links will yield, except for base columns and braces from lower levels. It is
sometimes hard to avoid the appearance of limited inelastic deformations in structural elements designed to
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behave in the elastic range. The overall performance of EBF will not be affected as long as the beam segments
outside the link and diagonal braces have sufficient strength not to affect the deformation and strength provided
by links during complete yielding.

Generally the design of a link beam is optimized by selecting a section with the minimum required shear
capacity and the maximum available bending capacity. The most efficient link sections are usually the deepest
sections with the minimum required shear area. The designer may customize the section properties by selecting
both the web and flange sizes and detailing the link as a built up section [2].

Results of several experimental tests and numerical simulations have concluded that short links are able to
withstand larger inelastic deformations and dissipate a greater amount of energy than those provided to yield due
to bending moment. Even though moment resisting frames have a very good capacity in energy dissipation by
bending moments in beams, plastic deformations in EBF’s links are larger and more concentrated [1]. Short links
dissipate more energy because of the specific plastic deformation distribution on a larger and more uniform
surface, being able to withstand large inelastic deflections and remain effective for many cycling loads.

Many experimental and numerical studies have shown that plastic deformations in links from ground to
upper levels decrease with increasing periods of the frame. As the largest plastic rotations of links are usually
found at the first level, involving the risk of producing a story mechanism, Seismic Provisions for Structural
Steel Buildings recommended a 10% increase of the minimum shear strength for the first stories links.

2. EXPERIMENT DESCRIPTION

Structural design

According to P100-1:2006, the design plastic values for bending moment and shear force for seismic links
with I section are:

M, = f.bt, (d—t,) (M

f
V, = (T;)tw(d -t;) )

where: fy - nominal yield strength of steel;

b,tf ,d ,1,, - geometrical characteristics according to Fig. 1.
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Fig. 1. Geometrical characteristics for I sections

Axial load in seismic links is neglected, if the ratio of design axial force N, and plastic design axial load

N p.Rrd 18 less than 0.15. Thus, at both ends of the bar dissipative design efforts will be grater than the plastic
capable efforts:

Mgy <M Vg <V, 3)

where: M,,Vg, - are the design action effects, respectively the design bending moment and design
shear, at both ends of the link.

Resistance required to shear for the seismic links according to Seismic Provisions for Structural Buildings
is limited to:

V, <@V, )

where: @ - strength coefficient;

2M
Vn = min(V 0 ;Tp) - nominal shear yield strength;

Vp =0.6 Fy AW - nominal shear strength of an active link;
AW = (db — 2tf )tw - link web area;

Appropriate design of EBF should ensure that only the links will develop plastic deformations during a
severe earthquake, while braces, columns and beam segments outside the link should be dimensioned in order to
withstand the forces developed by the yielded and strain hardened links.

Designing demands of non-dissipative elements (columns, braces and beam segments outside the link) in
EBF for the ULS according to P100-1:2006 are given in equations (5), (6), (7). The relationships provide



24 Ovidius University Annals Series: Civil Engineering, Issue14, October 2012

increasing the seismic forces with the increased limit material flow (¥Faw) and the multiplicative factor due to the
design seismic action for the design of non-dissipative members (£2).

Neg = Neggg +1.170,ONgy ¢ %)
Mgy =Mgy +1.1y, QMg ¢ (6)
Veg =Veae +1.176,QVey e 7
where:

Ny s Mgy,Vey = design values of the of the axial force, shear force and bending moment;
N Ed.G> M Ed.G ,VEd,G = efforts in members not containing seismic links due to the nonseismic actions

included in the combination of actions for the seismic design situation;
N Ed.E> M Ed.E ,VEd,E = efforts in members not containing seismic links due to design seismic action.

According to Seismic Provisions for structural Steel Buildings (2005), the nominal shear strength of the
link, V, , is increased by two factors: first by Ry to account for the possibility that the link material may have

actual yield strength in excess of the specified minimum value and secondly, the resulting expected shear
strength of the link, RyVn is increased to account for strain hardening in the link.

For designing the diagonal brace, American Provisions have adopted a strength increase due to strain

hardening only equal to 1.25, because R, accounts for expected material strength in the link but not in the

y
brace, and because of the use of resistance or safety factors when computing the strength of the brace.

For the design of the beam segment outside of the link, the Provisions permit calculation of the beam
required strength based on link ultimate forces equal to only 1.1 times the link expected shear strength. Based on
this approach, the required axial and flexural strength of the beam can be first computed as described above for
the diagonal brace, assuming a strain hardening factor of 1.25. The resulting axial force and bending moment in
the beam can then be reduced by a factor of 1.1/1.25 = 0.88.

A lower value for the resistance factor design used in beams reflected the observation that limiting yielding
of the segment of beam outside the link can benefit the overall performance by reducing inelastic rotation
requirement of the link [3].

For capacity design of the columns, Seismic Provisions permits reduction of the strain hardening factor to
1.1. This relaxation reflects the view that all links above the level of the column under consideration will not
likely reach their maximum shear strength simultaneously.

Reduced overstrength factor in Romanian codes is counterbalanced by higher plastic shear resistance, so
that the final value for maximum shear force estimated by the two codes have similar values. It is adopted a
relatively conservative estimation of the maximum shear force [4]:

f
Vi =175V, = (h=2t)t, = (8)

3
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To highlight the behaviour of various systems for eccentrically braced structures we considered a steel
frame with 9 stories of 3.0m height, and a 4.5m span. The structure is located in Bucharest, a seismic zone with

design ground acceleration 8, = 0.249 , the upper limit of the period of the constant spectral acceleration
branch T, =1.6S and maximum dynamic amplification factor of horizontal ground acceleration of the structure

B, =2.75. The structure was designed according to seismic code P100-1:2006 and Eurocode 3: Design of

steel structures. The eccentrically braces were designed in 4 different systems, as shown in Fig. 2: K frame, D
frame, V frame, Y frame.

beam linkd beam inle beam -
L - Yoo e g
A\ - = Y =
oo = ,;\‘} = & =
< VAR~ P S

(a) (b)

Fig. 2. (a) Horizontal links: K frame; D frame; V frame; (b) Vertical links (Y frame)
Columns have symmetric double T section (HEA), the beam segments outside the links have I section
(IPE) and the braces have pipe section. Dissipative elements — seismic links will be made of S235 steel, and the
items expected to behave within the elastic range will be made of S355 steel.

For all frames were considered at all levels short seismic links with 0.5m length. The links have I section
(IPE) and were designed according to (5), (6), (7). The non-dissipative elementes were designed according to (8).

3. RESULTS AND SIGNIFICANCES
Linear analysis

The four EBC were designed so that they have very close eigenvalues. Tabel 1 illustrates the values for the
fundamental mode of vibration — period and frequency:

Table. 1. Eigenvalues for the fundamental mode of vibration

Mode 1 K frame D frame V frame Y frame
Period - T 0.862 0.905 0.894 0.902
Frequency - f 1.159 1.105 1.119 1.108

For the K frame, the maximum bending moments in beam segments outside the links occurred at the ends
of bars next to seismic links. Bending moments in columns were much lower compared with eccentric bracing
systems in which links were attached to columns (D frame, V frame).



26 Ovidius University Annals Series: Civil Engineering, Issue14, October 2012

In D frame, axial forces in beams outside the link and the braces have the highest values of all studied
systems. As it was expected, bending moments in columns have the highest values compared to the other system,
due seismic link to column connection.

Because in V frames the beam segment outside the link carry together with the braces most of the
gravitational loads from the floors, values for bending moments are greater than those from D and K frames.

The maximum shear forces in beam segments outside the links were located in Y frames.

Static nonlinear analysis results

The nonlinear behaviour of structural members was modeled using plastic hinges and acceptance criteria
according to FEMA 356: hinges for columns are due to axial force-bending moment interaction, hinges for
braces are due to axial force, hinges for beams are due to bending moment and hinges for short links are due to
shear force.

For each eccentric bracing system a nonlinear static analysis was performed to illustrade the occurrence of
successive plastic hinges and energy dissipation.

Fig. 3. Plastic hinges at the last step of the static nonlinear analysis

Fig. 3.shows that Y bracing system is the only one that developed plastic hinges in the columns and beam
segments outside the link. Therefore we can say that bracing systems in "Y" have the most unstable hysteretic
behaviour. This behaviour is explained by the fact that for these systems is very difficult to predict a global
mechanism of failure after the yielding of seismic links [5]. On the other hand, Y frames are the only ones which
can be used in seismic rehabilitation of the existing steel or reinforced concrete structures. They are also easy to
replace after the occurrence of plastic deformations.

Because in the V frame the number of links is doubled, not all of the plastic deformations in links have
grate values. The advantage from this point of view is that this brace system has the smallest number of plastic
deformations in non-dissipative zones.

In the rest of the frames, almost all seismic links were subjected to plastic deformations, with a uniform
distribution, and the other structural elements remained in the elastic range, except the occurrence of small post-
yielding deflections in some braces, emphasizing a favourable global plastic mechanism for EBF in general.
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In Fig. 4. we compare the maximum values of the plastic deformations for the analysed frames on each
level. Y bracing system has the most unpredictable behaviour. For first levels hinges have maximum values, and

for the last levels, the smallest values. K and D frames have uniform plastic deformations in seismic links.

Dynamic nonlinear analysis

All the EBF systems were subjected to the base excitation taken from Vrancea 1977 earthquake — N-S
component acceleration record. Fig. 5. reveals the greatest values of the peak horizontal displacement showing
that although the four systems were designed to have close eigenvalues, their response to Vrancea excitation was
different. The greatest peak displacements were obtained from the D frame, and K and V frames have almost

similar behaviour.
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4. CONCLUSIONS

In general EBF with short links demonstrated a good capacity of plastic deformation and of energy
dissipation.

V frames, heaving more dissipative zones, had smaller values for plastic hinge deformations. From the
same reason, the structural elements designed to remain in the elastic range, had de smallest and the fewest
number of hinges.

The eccentrically bracing system "Y" showed the worst energy dissipation mechanism, despite the unique
advantages of this system given by the fact that the seismic link is not included in the beam frame: it is easy to
replace after he a strong earthquake and it can be used as a strengthening method for existing structures using
short links as a displacement dependent damper dissipating energy through inelastic deformation of metal.

Bending moments in D frame’s columns have the highest values compared to the other systems, due
seismic link to column connection.
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Study On Overheated Concrete Behavior

C. D. Hancu, M. Florea and M. Stanescu

Abstract — To ensure the fire resistance safety of the studied building structure, 0 to 31.5 mm
aggregate concrete (cubic specimens, with class C20/25) and concrete sand (samples supple, 4x4x16 cm,
with class C16/20). The samples were submitted to fire. Resistance measurements were performed
nondestructive.

Keywords — concrete, resistance, fire, nondestructive measurements.

1. GENERAL

To ensure the fire resistance safety of the building structure several factors are very important:
—  Time to reach maximum temperature combustion (burning up the stage regression);
— Maximum temperature can be achieved, depending on the combustible material and the existence
of sufficient air (indoor or outdoor combustion);
— Knowledge of concrete behavior in repeated fires;
— Knowledge of fire fighters intervention effects on concrete at high temperatures.

2. EXPERIMENTAL PROGRAM

The materials under study were:
—  Concrete with maximum aggregate grain 31.5 mm (cubic specimens, 10x10x10 cm) with class
C20/25,
—  Concrete sand (samples supple, 4x4x16 cm) with class C16/20.

The size of the specimen was chosen according to the size of the "burn" room available in the laboratory
oven.

Tested concretes were made without additives. The maximum temperature that develops existing
laboratory furnace is 1600°C. Therefore we tried simulating the effect of fire textiles, paper, wood, rubber and
petroleum products on concrete (the material rather than the resistance structure as studied in problem [1]).

Fires were simulated over 1, 2 and 3 hours. We believe that the time intervals chosen are sufficiently
relevant to possible fires. We have studied the fire behavior of concrete which suffered from previous fire. We
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have also experienced the effect of an attempt to extinguish the fire with large amounts of water (the specimens
reaching the fire temperature were sprayed with large amounts of water).
Resistance measurements were performed nondestructive, with ultrasound Pundit - Elle device.
The work steps used were:
Preparation of specimens: casting, hardening, marking,
Separation of control samples,

Table 1 presents data characteristic of cubic specimens prior to submission to "fire".

Determination of

strength, non-destructive,

Submission of samples lots to fire (1, 2, 3 hours at a certain temperature or 1 hour at different

temperatures),

Estimating mechanical resistance (nondestructive) after the fire and cooling temperature of 20°C
(for at least about 24 hours),
Processing the results,

Conclusions, observations and recommendations.

3. RESULTS

Table. 1. Data characteristic of cubic specimens prior to submission to "fire".

Witness tests
Code  (us) y (m/s) pa (ke /m3) Averag(?) A)p)oros1ty

1 22,8 4386 2168
7 22,5 4444 2153

A 8 22,8 4386 2139 8,17
10 22,6 4425 2147
11 22,8 4386 2130
4 21,1 4739 2289
12 21,5 4651 2145

B 16 22 4545 2095 6,07
18 21,7 4608 2167
20 21 4762 2162
2 23,4 4274 2122
3 23,4 4274 2139

C 6 24 4167 2100 7,09
9 233 4292 2121
17 23 4348 2121
13 18,9 5291 2318
14 18,4 5435 2280

D 19 18,2 5495 2308 5,24
23 18 5556 2230
24 18,9 5291 2310

Obs. - the time the ultrasound beam passed through the specimen (10-6 seconds),

v — the velocity of ultrasound in concrete,
p. — the bulk density of concrete, open medium porosity of concrete.
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We have no longer calculated the mechanical resistance as by determining ultrasound velocity in concrete
because they are proportional to the velocity (higher velocity automatically shows higher strength class).
In Tables 2a and 2b we list the characteristic data cube after subjecting specimens to a "fire" or two "fire".

Table. 2a. Samples subjected to a "fire".

Code Type of fire t (ns) v (m/s) p.(kg/m®) po?:;:;g(?’ %)
1 1 hour — 933°C 82,8 1208 2117 -
7 2 hours — 933°C 107,6 929 2095 10,74
A 8 3 hours — 933°C 56,9 1757 2088 9,87
10 1 hour — 1200°C 167 599 2068 X
11 1 hour — 1467°C 280 357 2040 X
4 1 hour — 933°C 50,2 1992 2257 -
12 2 hours —933°C 86,5 1156 2082 10,47
B 16 3 hours — 933°C 82,6 1211 2038 10,25
18 1 hour — 1200°C 126 794 2095 10,74
20 1 hour — 1467°C 310 323 2060 X
2 1 hour — 933°C 66,5 1503 2079 -
3 2 hours — 933°C 114 877 2078 10,44
C 6 3 hours — 933°C 59 1695 2054 10,18
9 1 hour — 1200°C 172 581 2049 X
17 1 hour — 1467°C 228 439 2035 X
13 1 hour — 933°C 45,4 2203 2288 -
14 2 hours — 933°C 65 1538 2230 7,17
D 19 3 hours — 933°C 57,2 1740 2260 6,73
23 1 hour — 1200°C 138,2 724 2142 9,24
24 1 hour — 1467°C X X 2190 X

Obs. x —the fire samples were too degraded to be able to make determinations.

Table. 2b. Samples subjected to two "fire" (2 x 1 hour at 933°C, 24 hours apart).

Code The second fire ! S}jf) v (g/s) pa(kg/m) p;:::;;%ﬁ %)
Al 1 hour — 933 °C 37,4 2673 2107 10,35
B4 1 hour — 933 °C 29 3448 2240 8,13
C2 1 hour — 933 °C 34,5 2899 2072 10,52

D13 1 hour — 933 °C 30,2 3311 2276 6,77

Obs. ** - the experimental technique has been reversed (saturation was done first, then porosity
determination by oven drying, and finally, determination by means of ultrasound device; probably the drying was
not complete) and the results are influenced to some extent.

Due to lack of space the experimental data on concrete sand are not presented.
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4. CONCLUSIONS

For the study of 0 to 31.5 mm aggregate concrete (cubic specimens) attempts were made at:
—  Various temperatures (933, 1200 and 1467°C),
— Different fire durations (1, 2 or 3 hours)
—  One or two fires at a time that allowed cooling specimens at a temperature of about 20°C (about
24 hours).

Increasing the firing temperature has an obvious effect of degradation of the concrete structure. Resistance
reductions to witness - specimens that have not suffered the fire - are 58 to 64.8% for 933 °C, 82.8 to 87% for
1200°C and 89.9 to 100% for 1467°C.

The fire duration had - from the witness - the effect of reducing the resistance by 58 to 72.5% in 1 hour, by
71.7 to 79.5% in 2 hours and by 59.9 to 75.1% at 3 hours of burning at 933°C. Unexpectedly, the resistance
decreases are smaller for 3 hours than for 2 hours, probably due to the occurrence of partial melts in concrete
(see photo — Fig. 1).

L

Igens,‘l 0x10x10 c

Fig. 1. Studied cubic speci

The concrete class has influenced the fire resistance which means that higher class concrete have held up
better (58.4% resistance loss to better concrete as appeared to 64.8% resistance loss to the weaker ones of those
tested for 1 hour to 933°C; the situation applies to 2 hours but it is uncertain to 3 hours).

The degradation of concrete structural frame was highlighted by increasing the bulk density from 1.4 to
5.2% and by increasing open porosity up to 20.8 - 76.9%. This highlights the very significant decrease in
durability of the concrete subjected to fire.

It is therefore necessary to assess the resistance of concrete structures subjected to strong or long lasting
fire, before concluding that the building could be repaired or it should be demolished.



Ovidius University Annals Series: Civil Engineering, Issue14, October 2012 33

oy YOS) o0 Wm/s]

OSensst

Martor thosr Zhouwrs 3Ihours Martor 533 grd 1200 grd 1487 grd

A — depending on the fire duration B — depending on the fire temperature
Fig.2 Resistance Loss

To analyze the behavior of the concrete sand (with aggregate 0-8 mm) attempts had to me made to:
—  Different fire durations (1, 2 or 3 hours).
—  Various firing temperatures (933 and 1600°C).
— One or two fires at a time that allowed cooling specimens at a temperature of about 20°C (72
hours).
—  Simulating the fire-extinguishing action by spraying an abundant amount of water on the concrete
reaching the combustion temperature.

Increasing the combustion duration from 1 hour to 2 hours led to a decrease of resistance between 33.9 to
77%. As in the case of 0 to 31.5 mm aggregate concrete a 3 hour fire had less damaging effect than a 2 hours fire
(resistance increases from 41.8 to 51.7%; the likely reason would be the occurrence of partial melting in concrete
mass).

Specimens showed residual dilatation (average) of 0.19 to 2.13% after a fire.

Combustion temperature of about 1600°C had devastating effects on mechanical resistance. The samples
were so degraded that the porosity could not be determined and the mechanical resistance decreased severely
(loss of 96.3 to 98.7%). The ultrasonic determination was made at 24 hours after firing.

[ o e ——
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The simulation of trying to extinguish the fire by spraying an abundant amount of water led to the complete
destruction of the specimens in a few minutes.

It was also noted that some samples (A10, A11, B20, C9 and C17) had 24 hours of fire resistance that
allowed measurements, but after a few days they were severely damaged by the disintegration. This suggests that
the demolition of a fire risk building is very high even after a few days from the event.

It can be concluded that the fire extinguishing process of a concrete construction should be done in
different methods: cooling the combustion zone, preventing air freshness, reducing the available amount of
oxygen, introduction of fire inhibitors, reducing the combustion temperature of burning substances and/or
removing the combustible from the combustion zone [5].

Subduing the concrete already exposed for 1 hour at 933°C to a second fire of 1 hour at 933°C showed
resistance losses of 26.7 to 35.5% to weaker concrete and of 4.5 to 22% to higher class concrete (compared to the
samples already exposed for 1 hour to 933°C).

In comparison with the control samples, the resistance losses were 43.1 to 53.7%. It is also observed in this
case the better behavior of higher compressive strength class concrete.

It is also noted that two short fires (2 x 1 hour) degrade concrete less than a longer fires (2 hours). The fire
fighting duration is essential for the viability of the resistance structure.

It is considered useful to make the resistance of high fire risk building structures of concrete with higher
class strength than the one recommended in SR EN 206 to 1/2002. It is also believed that it would be useful to
supplement Annex F of the above mentioned standard (appendix recommended minimum resistance classes
according to the classes of exposure to various aggressive factors) with recommendations for the concrete used
in high fire risk constructions.

Also, for the concrete used in high fire risk constructions, Portland cement and stabilizing ceramic or
aluminous cement could be used; aggregates could be some of those recommended for concrete with refractory
behavior.

Additional data can be found in [8].
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Analysis of WWTP facilities using CFD methods
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Abstract — The paper will focus on CFD modeling (Computational fluid dynamics) of WWTP
structures. The grit chamber and sedimentation/settlement tanks are the structures of mechanical
treatment. Secondary sedimentation tank, settles the sludge after biological treatment. We can find
various shapes of settlement tanks and many types of grit chambers at WWTPs. To achieve the effective
operation concerning the proper technological processes and cost saving, we need to find the best solution
for hydraulic conditions in these facilities. The CFD offers solutions without the need of building a
physical model.

Keywords — CFD, Settling tank, WWTP, Sedimentation

1. INTRODUCTION

Computational Fluid Dynamics (CFD) as an interdisciplinary science forms a bridge between the fields of
mathematics and physics and the engineering praxis through the fast evolving computer sciences. The basic
notion is to simulate complex engineering problems through mathematical models solved by high performance
computers. Coming from aerospace industries, it has gained a lot of ground in other branches as well and in the
late 20™ century, CFD was used in most industrial sectors. The main gains from this technology are, of course,
the reduction of cost for most experiments and experimental design compared to physical modeling and lower
time demand which results in faster production cycles in the industry and more effective research. (1) We can
assume that CFD technologies will expand even further in the coming years, driven by the advancement of
computer technologies which provide the means of calculating increasingly complex mathematical models in
even less time.

A large part of the sanitary engineering field consists of wastewater transportation and treatment, which
both offer a wide range of problems that could be solved more efficiently with the utilization of CFD
technologies. For instance, the ongoing projects of sewer system constructions throughout Slovakia,
reconstruction of old oversized waste water treatment plants in the bigger cities or the construction of new ones.
There is a lot of waste water treatment plants (WWTP) in Slovakia which have problems with hydraulics in their
technological processes, even after reconstruction.
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2. COMPUTATIONAL FLUID DYNAMICS

Simulating an engineering problem with the use of CFD systems consists of several parts. The basics are a
topological model (geometry) representing the task, for instance a 3D model of a settling tank and of course the
physical laws and values describing the flow and other phenomena in the space defined by this geometry. The
three basic laws governing the hydrodynamics are the conservation of mass, energy and momentum. These laws
are expressed by a set of partial differential equations known as the Navier-Stokes equations. The equations are
an accurate representation of the motion of fluid substances they are, however, unsolvable in their analytical
form. Therefore, we need to transform these equations into discretized systems of algebraic equations in order to
solve them numerically. (2) Also, we need to define starting and boundary conditions, to ensure that there is only
one valid solution to the problem. We combine these equations and the topological model into the mathematical
model, which is then solved by the computer as a set of numerical equations. A diagram of the process can be
seen on Fig. 1. Of course, the question of the results credibility of such virtual modeling is often raised.

Conservation of mass Topological model
(continuity equation) Mathematical model (Geometry)
Conservation of Starting and
momentum boundary conditions
(momentum equation)

Computer
Conservation of energy
(energy equation)
Solution:
Density, flow rate,
velocity, flow
Physical prc_Jp.efties, direction, pressure,
compressibility temperature, etc.

Fig. 1 Description of the process of a CFD simulation

Often the lack of accuracy is caused by inadequate calibration of the models and solution methods. To ensure
proper results, various verification and validation methods are introduced to the process. The accuracy of the
computational solution is investigated during the verification process, which tries to identify and quantify errors.
These errors are mostly caused by the approximation of governing equations of the simulated physical
phenomena. Validation process addresses the uncertainty and error margin of the conceptual and computational
model. It can be achieved by comparing the simulated results to measurements on a physical model or a full
scale representation of the simulated problem. This task of course, provides its own set of problems and
complications and can by very costly, both in time and resources, depending on the type and scale of the
simulated problem. The process of validation and verification requires the use of various experimental
techniques from different scientific fields. The conceptual description of this process is illustrated in Fig. 2.
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3. SEDIMENTATION TANKS

There are several incentives for the use of CFD technology in sanitary engineering. Treatment of waste
water, more precisely, the simulation of fluid dynamics and settling processes in settling tanks (primary and
secondary, even grit chambers ) is one of the more interesting fields. The main reason is of course, economics.
Civil engineering strives for optimization in every direction, to achieve the perfect balance between material
quantities, effectiveness and cost. WWTPs in Slovakia offer a fairly large amount of space to improve in these
regards. In terms of operational facilities, an overwhelming number of grit chambers and primary settling tanks
are of rectangular construction. These tanks where designed using empiric calculations. This design approach is
based on the Hazen’s theory of ideal sediment basin with a factor to account for turbulence, which is widely
accepted in engineering praxis. A schematic representation of Hazen’s ideal basin can be seen in Fig. 4

Physical System

Conceptual modeling Calibration Validation

Verification Simulated reality

Fig. 2 CFD systems development process (2)

This method yields a reasonable approximation in most cases, however, it falls short when it comes to
some important phenomena, mainly related to turbulence. In most cases, the flow pattern is far from the desired
plug flow.(see Fig. 3)

jﬂ 2 4m 0 2 d4cm/s

Fig. 3 Example of flow pattern in a settling tank, numbers equal solid s concentration in mg.I"(2)
The ideal sedimentation design is based on several assumptions:

- Homogenous particle distribution throughout the inlet zone
- Laminar flow in the settling zone
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- Transformation to discharge flow occurs in the outlet zone
- Particles in the sludge zone no longer take part in the sedimentation process (no re-suspension)
- Discrete particles throughout the settling zone (Type | settling)

Non ideal flow behavior in the settling tank can by induced by one or more of these phenomena (2)(3):

- Short-circuit currents, when the active flow does not cover the available surface area of the tank

- Hindered settling of particles in the tank (Type Il settling)

- Dead zones in the tank, mainly corners

- Density currents caused by suspended solids and temperature differentials

- Scour and re-suspension of deposited solids due to excessive velocity currents in near the sludge zone

Short-circuiting in a settling tank causes short hydraulic detention times, which has a negative impact on
the sedimentation efficiency of the tank. The most common method used to mitigate this effect, is the design and
installation of baffles and outlet weirs.

Density currents are caused by the difference in density of the influent water and the density of the
relatively quiet fluid in the tank. This causes the influent to plunge to the bottom of the tank, which in turn,
creates a secondary counter-current on the surface of the tank, as seen on Fig. 5. This has a negative effect on
sedimentation in the tank because of the excessive speed near the sludge zone, which such a current can create,
and re-suspend the deposited solids. (4) These currents can create a whole flow system in the tank, even with
three or four layers of flow. Research has shown that this phenomenon can be mitigated and/or moderated, with
the installation of a baffle before the inlet. It was indicated, that such a flow pattern could even be beneficial for
the settling of solids, as the detention time in the layered flow (with varying directions) is very close to that of a
uniform flow. (2)

Settling zone

>
i

Inlet zone

Outlet zone

Fig. 4 Schematic view of an ideal sediment basin
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Efluent

Counter current

Settling zone

Settling zone

Bottom density current

Fig. 5 Scheme of density flow

These factors can be, to a significant extend, simulated with the utilization of a CFD system, which
enables a better approximation of the flow and sedimentation processes in settling tanks. Using a robust
application like the ANSY'S Fluent, methods can be put in place to account for turbulence based problems and
solid particles behavior. To this end, not only the Navier-Stokes equations are needed, but also solid transport
and turbulence needs to be modeled. The visualization of results then allows us to analyze the velocity, pressure
fields and density and distribution of solid particles throughout the simulation domain. The visual imagery
enables easy identification of most hydraulic problems in the flow field and provides means to quickly assess the
impact of any optimization measures put in place, such as installation of baffles, modification of outlet weirs etc.
(Fig. 6). Time and space conservation being the CFD technology’s main advantages, allow for a more
experimental approach to problem solving and optimization. We can tryout several modifications and
adjustments to compare the outcomes and chose the best method in time, with which conventional methods
cannot compete.

(b} ic)
Fig. 6 Calculated streamlines for the standard and the modified sedimentation tank. (a) Standard tank,
water, (b) standard tank, water + particles and (c) modified tank, water + particle(5)
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4. CONCLUSIONS

This paper briefly describes problems that must be taken into account when simulating settling tanks with
the use of CFD systems. As was showed above, the problematic of settling tanks simulation is more deep and
complicated as the methods derived from the ideal sedimentation basin theory would suggest. This method,
although applicable and applied in engineering praxis, leaves much room for improvement. CFD systems so far
appear to be suitable tools to reach better efficiency of sedimentation tanks. However there are limits within this
technology which require the development of strategies not only for the assembly of a mathematical itself but
also for the process of simulation with the use of specific software. Compromises need to be made between the
need of more precise approximation of a given problem and the time constraints, which are dictated not only by
the scope of the problem and precision of the calculations needed, but also by accessible computational power.
This makes the preparation phase of the model equally important as the quality and structure of the
computational mesh has a significant impact on computing times. The process of simulation can also be divided
into smaller tasks and the use various simplifications methods, for instance by making use of the symmetry of
some settling tanks, and the use of 2D modeling instead of 3D where applicable. These methods help to speed up
the whole process and free more time which allows the researcher to concentrate on the actual research and
analysis of the results.
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Risk for Progressive Collapse of Seismically Designed RC Framed
Structures: Long Side Column Case

Adrian G. Marchis, Mircea D. Botez and Adrian M. Ioani

Abstract — The present study investigates the risk for progressive collapse of mid-rise RC framed buildings
when subjected to damage case C,, long side column removal, the most dangerous case for the structures
under investigation as the previous study indicates. Four models are designed for three distinct seismic
zones from Romania: high, moderate and low. The models located in moderate seismic areas are designed
for two ductility classes: medium and high. The step-by-step linear static analysis procedure from GSA
2003 Guidelines is used to establish the potential for progressive collapse. The results show the beneficial
influence of the seismic design on the progressive collapse resistance of buildings. In the same time, it was
found that the GSA 2003 Guidelines cannot taking into account the positive effect brought by the seismic
design when more ductile elements are provided in the structure.

Keywords — GSA 2003 Guidelines, progressive collapse, RC framed building, seismic design.

1. INTRODUCTION

Progressive collapse is a situation where local failure of a primary structural component leads to the
collapse of adjoining members which, in turn, leads to additional collapse. Hence, the total damage is
disproportionate to the original cause [1]. This phenomenon has been an important issue since the partial
collapse of the Ronan Point Building, in England, 1968. The attack on the Murrah Federal Building in 1995 and
terrorist attacks on September 11, 2001, started a second wave of attention on structural failure and better
understanding of progressive collapse [2].

The design philosophy of structures subjected to abnormal loads is to prevent or to mitigate damage, not
necessary to avoid the collapse initiation from a specific cause. The U.S Governmental Agency (GSA 2003)
provides an independent methodology to assess the potential for progressive collapse of building based on the
notional removal of load-bearing elements. Four “missing column” scenarios are specified: the loss of an
exterior column located near the middle of the short side (case C,), the loss of an exterior column located near
the middle of the long side (case C,), the loss of a corner column (case C;) and the loss of an interior column
(case Cy). In the linear static analysis the following load combination is considered:

Load = 2(DL + 0.25LL), (1)

where DL and LL are dead and live loads. The factor of two takes into account the dynamic effect that occurs
when the vertical support is instantaneously removed from the structure. The GSA acceptance criteria for the
linear static analysis are based, in part, on the DCR (Demand-Capacity-Ratios) concept adopted in FEMA 356

[3].
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DCR = Qup/ Qck 2)

Recent studies [4], [5], [6] demonstrated the beneficial effect of the seismic design: low potential for
progressive collapse of mid-rise RC framed buildings located in high seismic areas unlike Bredean “to be
published” [7] which shows that low-rise buildings are more vulnerable. In the same time, data from literature
regarding the potential for progressive collapse of mid-rise structures located in low or moderate seismic zone
are few [4], [5], and are missing if we refer to structures designed for the Romanian territory. Also, none of the
previous investigations studied the consequences on progressive collapse behaviour of RC framed structures,
located in moderate seismic zones, when different allowable options (medium or high ductility class) are
considered in the seismic design. Therefore, such aspects were mainly investigated in a previous paper
“submitted for publication” [8] but the progressive collapse analysis for mid-rise buildings are detailed only for
the case C, of “missing column” scenario, a case rarely discussed in the technical literature. This paper refers to
the damage case C, which seems to be the most dangerous case as the results indicated.

Therefore, a comparative investigation to assess the vulnerability to progressive collapse of four mid-rise
buildings designed according to the provisions of the in use Romanian seismic design code P100/1-2006 [9] is
presented. The first model is designed for a low seismic zone (Cluj-Napoca, a, = 0.08g), two models are
designed for a moderate seismic zone (Sibiu, a, = 0.16g) according to the provisions of the medium ductility
class (class M) and high ductility class (class H), and the fourth one is designed for a high seismic zone
(Bucharest, a, = 0.24g). For each model, the C, case of damage scenarios is investigated using the linear static
step-by-step analysis procedure recommended by GSA (2003) Guidelines [1]. The distribution and magnitude of
inelastic demands is determined and the progressive collapse potential of the models is evaluated.

2. STRUCTURAL CHARACTERISTICS

The 13-story buildings have the same 3D configuration, as illustrated in Fig. 1. The structures consist of
five 6.0 m bays in the longitudinal direction (y-y) and two 6.0 m bays in the transverse direction (x-x), and have
a story height of 2.75 m, except the first two floors where the story height is 3.6 m. The thickness of the slab is
150 mm.

Fig. 1. Structural model

The design of structure is made according to the provisions of the active Romanian seismic code P100-
1/2006 [9], provisions that are similar to those specified by SR EN 1998-1/NA: 2008 [10]. The Special
Combination and the Fundamental Combinations of loads, taken into account in design is D+0.4L+E,
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respectively 1.35D+1.5L+1.05W or 1.35D+1.5W=1.05U, where D is the dead load (self-weight plus a
supplementary dead load of 2.0 kN/m?), L is live load (2.4 kN/m?), E is the earthquake effect and W is the wind
action (for a wind speed of 30m/s).

The seismic design is made for each structure in association with the seismic zone where the building is
located. Hence, for the Cluj-Napoca structure, where the design value of the peak ground acceleration is a, =
0.08g (low seismic zone), the Romanian code P100-1/2006 [9] as well as Eurocode 8 (SR EN 1998-1/NA: 2008)
[10] specify that currently, the design should be made according to the provisions of medium ductility class (M),
using the behaviour factor q = 4.725. For structures located in Sibiu, the design value of the peak ground
acceleration is a, = 0.16g (moderate seismic zone), and both seismic codes accept that design may be done
according to the medium (M) or high (H) ductility class. In order to observe the differences in behaviour, the
models located in a moderate seismic zone are designed corresponding to each ductility class provisions (M,
respectively H). The following structure is located in Bucharest, a high seismic zone where the peak ground
acceleration is a, = 0.24g; the codes specifies that the design shall be done according to the provisions of
ductility class H (high ductility class), using the behaviour factor g = 6.25. Based on the same code (P100/1-
2006 [9]) provisions, the compressive strength class of the concrete is C25/30, and the steel for the longitudinal
and transverse reinforcement is S500 type.

The structures are modelled as 3D linear elastic models (Fig. 1) using the FEA computer program SAP
2000. The complete design is made following the provisions of the in use Romanian seismic code P100/1-2006
[9] and the design code for concrete structures SR EN 1992-1-1:2004 [11].

3. PROGRESSIVE COLLAPSE ANALYSIS OF THE STRUCTURAL MODELS

Following the GSA (2003) Guidelines [1], demands (Qup) in structural components (beams) are compared
to their expected un-factored capacities (Qcg), as shown in equation (2). The DCR values for flexure and for
shear are determined at column faces. The progressive collapse analysis is performed for the damage analysis
case C, (long side column removal), the most dangerous case for the buildings under investigation.

A. Model designed for low seismic zone

The first 3D model representing a 13-story RC framed structure is located in a low seismic zone (Cluj-
Napoca, Romania), and is seismically designed, as the current code P100/1-2006 [9] specifies, for the medium
ductility class (M). For the damage case C, (long side column removal), the step-by-step procedure for
conducting the linear static analysis is:
Iteration 1 — Step 1: The exterior column located near the middle of the long side is removed. The model is
loaded according to equation (1);
Iteration 1 — Step 2: DCR values for flexure and for shear are determined. In the longitudinal direction (y-y), the
DCR values range from 1.19 to 2.34 and in the transverse direction (x-x) from 0.22 to 1.16. Large inelastic
demands (DCR > 2.0) appear at beams ends at the majority of stories of the longitudinal frame. A plane failure
mechanism of three hinges type is formed for the longitudinal (y-y) frame. Due to the interconnection with the
transverse (x-x) frame which behaves elastically (DCR < 1.0) the 3D model will stand and a spatial mechanism
will not occur;
Iteration 1 — Step 3: In the beam sections were DCR values for flexure exceed the allowable value of 2.0, plastic
hinges are inserted;
Iteration 1 — Step 4: Bending moments equal to the expected flexural strength of the sections are applied at each
inserted hinge;
Iteration 2: The analysis is re-run from Step 1 through 4 and new DCR values are calculated. After the moment
redistribution, more beam section from the longitudinal (y-y) frame have DCR values higher than 2.0. In these
sections, a new plastic hinges should be inserted;
Iteration 3: The analysis is re-run, and the final DCR values are displayed in Fig. 2.

After this iteration all DCR values for flexure are below 2.0 and thus the GSA acceptance criteria are
fulfilled. For the longitudinal frame, all beam end sections behave inelastic and thus a plane failure mechanism
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of three hinges type is expected to occur only for the longitudinal (y-y) frame. Due to the interconnection with
the transverse (x-x) frame which behaves elastically (DCR < 1.0) at its upper part, the 3D model will stand and a
spatial mechanism will not occur. In the same time, the DCR values for shear are below the allowable value
(1.0). Consequently, in this case, there is a low potential for progressive collapse.
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Fig. 2. DCR values for flexure in the damage case C, - Cluj model designed for medium ductility class

B. Models designed for moderate seismic zone

The structure located in Sibiu, a zone with moderate seismic risk (a; = 0.16g), is designed both for medium
(M) and high (H) ductility class. The influence of the design option (M or H) on the vulnerability to progressive
collapse is investigated.

B1. Model designed for medium ductility class

The structural model designed for medium ductility class, option alternatively accepted by the seismic
codes (P100-1/2006 [9], SR EN 1998-1/NA: 2008 [10]), is subjected to the damage case C, (long side column
removal). The step-by-step linear static analysis procedure stops after the forth iteration (Fig. 3) when all DCR
values meet the GSA acceptance criteria (DCR <2.0).
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Fig. 3. DCR values for flexure in the damage case C, - Sibiu model designed for medium ductility class

A plane failure mechanism of three hinges type is expected to occur for the longitudinal (y-y) frame
because all beam end sections have an inelastic behaviour. Due to the interconnection with the transverse (x-x)
frame which behaves partially elastically (DCR < 1.0), the 3D model will stand and a spatial mechanism will not
occur. Also, the DCR values for shear are below the allowable value (1.0) and consequently, the model has a low
potential for progressive collapse.

B2. Model designed for high ductility class

When the 13-story is designed for high ductility class, option recommended by the seismic codes, the
results indicate a different diagnosis regarding the potential for progressive collapse unlike the structure designed
for medium ductility class. The analysis stops after the forth iteration when all beam end sections behave
inelastic and thus a spatial mechanism of three hinges type is expected to occur for the 3D model. Consequently,
the building would have a high potential for progressive collapse. This aspect is new in literature and would
indicate a probable higher sensibility to progressive collapse of high ductility (H) model with respect to models
designed in the medium ductility class (M). The result can be explained: GSA acceptance criteria take into
consideration an elastic behaviour of the structure when a load increase factor of 2.0 is applied to static vertical
loads (equation 1), and consider only the strength capacity of the section (not its increased ductility) in the
evaluation of DCR values (equation 2). Consequently, a member designed for the high ductility class, having a
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smaller strength capacity (but an increased ductility), will generates higher DCR values compared to a member
designed in the medium ductility class. The result is not validated by nonlinear analyses and cannot be accepted
in practice as a final conclusion. In the author’s opinion, to account for the inherent inelastic and ductile
behaviour of RC frames designed for M and H ductility class, a different load increase factor (LIF) smaller than
2.0 would be more suitable; similar suggestion has been made in other works [12], [13], and the calibration of
LIF is in progress in our works.

C. Model designed for high seismic zone

The last 3D model is designed for Bucharest, a zone with high seismic risk, where the design value of the
peak ground acceleration is a, = 0.24g. As the current codes P100/1-2006 [9] and SR EN 1998-1/NA: 2008 [10]
specify, the buildings located in these areas can be designed only for high ductility class (H). DCR values are
determined for the damage structure (C, case). Due to the fact that all DCR values for flexure meet the GSA
acceptance criteria (DCR < 2.0), no further iterations are required. The DCR values range from 0.44 to 0.90 for
the longitudinal (y-y) frame and from 0.3 to 0.81 for the transverse (x-x) frame and consequently, the structural
members behaves elastically. In addition, the DCR values for shear are below the allowable value (1.0) specified
by the GSA (2003) Guidelines [1]. Therefore, there is no risk for progressive collapse when mid-rise buildings
are designed for high seismic zones where a, > 0.24g.

4. PROGRESSIVE COLLAPSE SAFETY MAP

The damage case C, (long side column removal) seems to be the most dangerous case for these models as
the previous study “submitted for publication” [8] indicate and thus only investigating this damage case, a
general conclusion regarding the potential for progressive collapse can be drawn. Therefore, a suggestive graphic
representation of the risk for progressive collapse of mid-rise RC framed structures located in different seismic
zones (a, = 0.08g, 016g and 0.24g) of the Romanian territory is displayed in Fig. 4. This progressive collapse
safety map provides new and useful information for structural engineers and will be completed by future
researches for other seismic zones (a, = 0.12g, 0.20g, etc.) and by the existing analyses for low-rise buildings
from the study “to be published” [7]. A similar safety map is presented in the previous study “submitted for
publication” [8] for the mid-rise structures subjected to damage case C, (interior column removal).
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Fig. 4. Progressive collapse safety map for mid-rise structures in Romania when subjected to damage case C,
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5. CONCLUSIONS

This paper investigates the risk for progressive collapse of mid-rise buildings located in different seismic
areas from Romania using the provisions of the GSA (2003) Guidelines [1]. Four 3D models representing the
13-story RC framed structure have been designed and detailed according to the active codes P100/1-2006 [9] and
SR EN 1992-1-1:2004 [11] for three seismic zones (high, moderate and low); the building located in a moderate
seismic area has been designed for two ductility classes (medium and high). The models are subjected to the
damage case C, (long side column removal) which seems to be the most dangerous case and thus, the final
conclusion regarding the risk level for progressive collapse can be given only by investigating this damage case.

For the model located in a high seismic zone (a, = 0.24g), there is no risk for progressive collapse. The
building response elastically when subjected to “missing column” scenario (DCR < 1.0). The models located in
moderate and low seismic zone (a, = 0.16g, 0.08g) and designed for medium ductility class have a low potential
for progressive collapse. But the seismic codes P1001/-2006 [9] and SR EN 1998-1/NA: 2008 [10] recommend,
as an alternative option, the design for high ductility class for the buildings located in moderate seismic zones.
Consequently, for this model, a high potential for progressive collapse is obtained. This is due to the fact that the
linear static procedure from GSA (2003) Guidelines [1] cannot take into account the positive effect brought by
the seismic design when more ductile elements (not necessary more strength) are provided in the structure. For
this reason, structures designed in the high ductility class seem to be more vulnerable to progressive collapse
than the similar structures designed for a medium ductility class, a conclusion not validated by nonlinear
analyses or by practice. To correct this aspect, an improved expression to determine the magnitude of DCR is
proposed in the previous paper “submitted for publication” [8]:

DCR — QUD — QUD . 1 (3)
QCE qpc QCE

In the last equation, a new parameter q,, is introduced, representing the behaviour factor used in the progressive
collapse analyses. This parameter estimates the beneficial influence of the ductility class of the structural
members. The calibration of the parameter qy, is in progress.

In the same time, the influence of the seismicity area on the vulnerability to progressive collapse of mid-
rise buildings is investigated. As in the previous study “submitted for publication” [8], the general opinion of
structural engineers that the seismic design and detailing has a beneficial influence on the progressive collapse
resistance of reinforced concrete structures is confirmed:

e This influence is strong for structures designed for high seismic zones. The analysed structures behave
elastically when subjected to damage case C, and do not have a risk for progressive collapse; this is a
consequence of the fact that the Special Combination of loads where the earthquake effect E intervenes (D +
0.4L + E), determine the magnitude of internal forces and moment used in design and detailing of structural
members.

e The beneficial influence of seismicity is reduced for mid-rise structures located in low or moderate seismic
zones. These structures are more vulnerable to progressive collapse (low and high potential) and this is due
to the fact that the Fundamental Combination of loads (where the earthquake effect E is not considered)
determine the design and detailing of structural members; this finding shows that the positive effect of
seismic design exists, but it must be prudently considered for structures located in moderate seismic zones.
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Analysis of the sea-land interface variability on the Romanian littoral,
based on the Remote Sensing and GIS techniques applications

Razvan Mateescu , Alina Spinu, Ichinur Omer

Abstract The relative importance of the shoreline is linked to its significance on the coastal socio-
economical activities development and extension of Coastal/marine Protected Areas. Consequently, its
delineation, jointly with specific areas of different types of usage and utilities, including the delineation of the
public and private space areas, and the setbacks extensions as specific measures of the coastal management, it
had become crucial, in the context of the growing anthropogenous pressures on the coastal space.

The present paper focuses on the outcome of the implementation of GIS and Remote Sensing methods
for a series of specific coastal management activities, includingcoastal protection and delineation criteria in
relation with the coastal geomorphologic processes and its driving forces.

Keywords — shoreline variability, GIS, Remote sensing, vulnerable areas, ICZM, coastal delineation.

1. INTRODUCTION

The Romanian Black Sea littoral, stretching over 250 km, includes several geomorphologic areas grouped
in two shore sectors: northern sector of the Danube Delta area, consisting of alluvial sediments with dunes,
extensive lowlands, marshes and lagoons, where the highest dimension has about 3m high in the case of dunes,
and southern sector, a higher zone that consists mainly of ground cliffs interrupted by short beaches in front of
the old marine lagoons.

Under the influence of the marine factors the shoreline is moving, advancing and receding in relation with
local or regional specifics. Using the results of the coastal measurements, it can follow the development of the
coast from one year to the next, but also, based on the spatial analysis of historical maps, remote sensing images
and aerial orto-rectified images it can make a reasonable prediction for the coastline development in coming
years and specify the vulnerable that need protection measures.

Even the patterns of the Romanian coastal processes (accretion and erosion) are now well known, the
modern techniques of analysis on a synoptic scale, such as GIS and remote sensing, had become essential tools
to achieve this goal. A number of problems have been identified which need to be addressed urgently, so as to
protect the coast against erosion in order to achieve its sustainable management. Among these, some problems
are of fundamental importance: Coastal erosion monitoring and elaboration of the database system, support for
the necessary measure to rehabilitate and protect the coast against erosion for a good evaluation of the shore
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state, respectively the efficiency of the coastal protection and the required ICZM solutions extended on the
Romanian littoral.

Recent developments in coastal processes studies have constantly been keeping up with the accelerated
development of the new technologies of Remote sensing and GIS, together with the growth involved resources,
proportional to specific socio-economical needs of the coastal zone, but especially due to the challenge of the
processes complexity insufficient knowledge, determined by the great variability of the conditions characterizing
the marine and coastal zone, as well as the multitude of interaction levels to be found here, [1].

Taking into account its impact on the entire Black Sea basin, of this summarized techniques to approach the
coastal problematic, the GIS and remote sensing techniques are emphasized as the most advanced tools to
support data management, analysis and modeling, together with the possibility of reaching an advised and
operational intervention.

2. DESCRIPTION OF THE EXPERIMENT

In our attempt to examine coastal morphological changes on long and medium term we approached the
available historical maps and satellite images at different resolutions, together with GPS measurements afferent
to the current shoreline monitoring data, in order to namely record the shoreline variability in the GIS
environment. The additional spatial data, mainly from open or remunerated sources: NASA, ESA, USGS,
ANCPI, GEOSPATIAL Portal and the Ministry of the Environment Portal, as well NIMRD monitoring and
surveillance coastal erosion data, it were used for the shoreline changes validation and analysis, and also coastal
delineations [7].

Thus, the morphological analysis of the shoreline changes was conducted by comparing historical maps,
satellite imagery, and aerial-photograms from different periods of time. The process involved two steps: moving
images in the same coordinate system based on benchmarks identified in images and historical topographic
maps, ortho-rectified plans or measured directly in the field (GPS) and classifying the images in two classes
using the spectral intervals method with specialized software (ERDAS, ArcGIS) or by manual digitalizing, [2].

The method of analysis for the shoreline variability in the last decades includes shoreline extraction from
the recorded remote sensing images, and detection algorithm provided by ERDAS Imagine software, based
on the arithmetic difference between a “new” image and a ”old” imagine. The difference between pixels values
was realized with the function “Change detection” (Interpreter/Utilities) which produces the operation,
automatic for each pixel: the examination of spectral bands give the possibility to consider the difference of
reflectance for sand and water, and in end result, shoreline extraction.

The graphical representation obtained based on raster data was analyzed in an application of ArcGIS 10,
considering historical maps, topographic measurements, GPS, aerial photos etc. The ArcGIS spatial analysis
techniques were developed on shoreline recordings/representations (GPS data, digitization data) in a plane
model, referenced configuration, which allowed the assessment of the geomorphologic dynamics of coastal
areas; the results were considering the following spatial data available:

- Hydrographic map of DHM / Captain Commander Catuneanu, 1898, 1: 250000;

- Topo-hydrographic map of the State Committee for Water - Water Management General Directorate

(1962), 1:25,000, 1942 coordinate system, Black Sea MWL system, Sulina;
- Topo-hydrographic maps, (1951, 1993, 2007) - Maritime Hydrographic Directorate at different scales
(1:750.000 - 1:10.000);

- Topographic maps (DTM 1975) - scale 1:25.000, 1:50.000.

The photograms and aerial photographs (1980-1985, scale 1:45.000 - 1:1.500), the Landsat, SPOT, ASTER,
ERS and, for some sectors, IKONOS satellite imagery, generally from open source and only rarely with a fee
(especially for the ortho-rectified plans purchased in various projects within NIMRD) have been used and
processed/vectorized in order to detect the changes in various medium and short time scales, with the view to
obtaining a sufficiently large data collection for the assessment of the variability of the shoreline.
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The Landsat images were thus downloaded for free via FTP using the GLOVIS (Global Visualization
Viewer) search engine, made available by USGS, through the Earth Resources Observation and Science
Department (EROS).

Landsat 5 images were downloaded (TM) and Landsat 7 (ETM +) on the 181/29 frame, from 2000 until
2005, in June, July or August, to be as homogeneous as possible in terms of phenomenology.

SPOT 2007 and ASTER 2003 images, as well as the 2004/2008 ortho-rectified maps, located in the cost
effective field, were vectorized accordingly in order to obtain an image of the shoreline at a certain time.

The spatial analysis of the data collection provided the visual interpretation and manual or automatic
vectorization of the shoreline characteristics at different time scale, it were realized through ArcGIS extensions
for spatial analysis and QC procedures.

3. RESULTS AND RELEVANT IMPLICATIONS OF THE EXPERIMENT

A map is the end outcome of our undertaking, in which we compared the shorelines obtained by
differentiated processing during multiple time horizons with highlighted areas that have been undergoing
morphological changes which were conspicuous in the range studied - more than 40 years. The historical maps,
redesigned in Stereo70 and subsequently vectorized were used to evaluate the shoreline withdrawals,
corresponding to surfaces that have undergone significant changes during this period, thus highlighting different
periods of shoreline evolution.

The qualitative analysis of these vector maps emphasizes some important aspects concerning the
sedimentation / erosion processes in specific sectors, especially in the Northern unit - the accumulation shoreline
of the Danube Delta. Also, on medium and short term, natural factors that influence coastal dynamics include
two main categories: meteorological (wind by sand dissipation from emersion beach and wave and marine
currents forming, temporally sea level increases) and hydrological (waves and currents — the main factors for
shore dynamics, the oscillations of sea level).

The most dynamic shoreline changes are observed close to secondary delta of the Danube River, within
Musura bay. After the extension of protection dykes from Sulina channel, sedimentation processes intensified
mainly because silt transport on Chilia arm was blocked by dikes. The present tendency is to warping the bay
and in the future to transform into a lagoon by closing with a sand spit. The appearance of the island in from of
Musura bay involves problems regarding border with Ukraine, which was until now on Musura arm. The border
should be redefined according with actual geomorphologic changes.



52 Ovidius University Annals Series: Civil Engineering, Issue 14, 2012

Fig. 1 Musura sand spit: Shoreline
dynamics showed by GPS measurements
and satelitar data. The present development
of the sand spit is related to the southward
sediment drift blockage, by the Sulina
channel jetties, and also to sea-level,
Danube hydrological regime and the local
refraction and diffraction phenomena.

Legenda

For this sector, the correlation of the sedimentations processes with the Danube’s hydrological event and
dredging works was difficult to make because of the lack of data and the transboundary context.

Other, highly dynamic sector is, in the last decades Sahalin island was moved to west with ~ 750 m, the
length increased with 3,8 km and the width with 200 m. Increasing rate calculated for period between 1975-1990
is 167 m/an. After 1990, the processes changed into erosion until 2000. In 2006 eroded and accretion areas are
relative balanced, fig. 2 and fig. 3.

GPS measurements campaigns from 2008, 2009 and 2010 showed an elongation and curvature of the
island/peninsula to south-west [3]. It has been found the existence of a very thin sand belt in extension of the
island, unstable during the storms. Sahalin area was until 1990 an accretion area, but after this year the
predominant process was erosion, with different rate by sectors. If, in 1990 the area of peninsula was 670 ha, in
1996 the area decreased at 620 ha and at 450 ha in 2000. Conform with this dates erosion rate of sand surface
between 1990 and 1996 was 8,3 ha/year. In the time interval1996 and 200 erosion rate increased to 42,5 ha/year,
and also within period of 2000 and 2006 it was observed a stagnation of erosion rate, reaching to a relative
balance between eroded and accretion areas, [4].
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Fig. 3 — Shoreline evolution in Sahalin area, 1960-2008 (LANDSAT, historical maps, SPOT image)
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Fig. 4 — Change detection: with red -
reflectance reduction, with green —
reflectance increasing in the spectral
band 4. Background image: Landsat 5
TM, recorded at 29 July 2010,
infrared-color display (b4, b5, b3-R,
G, B). Interpretation: 1 — erosion; 2 —
shoreline extension (sand spit); 3 —

Another application of the GIS and remote sensing techniques was developed in the context of build shore,
southern Romanian shore, where there are important differences between the erosion process and beach flooding
at different hydrological events, like winter storms. But the shoreline retreat is related to the both processes.

The coastal zone’s ecological and physical conditions are not optimal for the ecological integration of
shoreline variability, and it is crucial to consider the ecosystem based practices for the management of the
Romanian Black Sea Coastal Zone (BSCZ). The new setbacks limits, and its consequents resettlement, it have an
important role in the coastal protection and management, but it may create a further population/investment
pressure in the Romanian BSCZ.

The average rate of the beach erosion was calculated based on the cross-shore profile analysis afferent to
landmarks system of different shore sectors, as well based on the last four decades historic maps and
measurements, showing an interval of variation from -6m/yr at Navodari to +1.5m/yr at Eforie Nord, but the
shore were shown a generally erosion rate of 1,2m/yr in more than 80% of its length.

The estimation of beach erosion due to forecast sea level rise was considerate on a time interval of the next
10 years, [8] (ECOH/JICA Study, 2005) —
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Table 1.
Sub-sector Annual rate of the beach erosion at a rate of sea level
increasing of 2,2 mm/yr, in meter/yr.
Navodari- Mamaia 0,18
Constanta 0,18
Eforie Nord — Sud 0,15
Costinesti 0,08
Olimp-Venus 0,08
Saturn — Mangalia 0,13
2 Mai - Vama Veche 0,12

For southern unit, the touristic littoral, once the calculus for the shoreline retreat was made based on several
composed analysis and certain coastal response models included in CEDAS4.0, the rest of the driving factors had
a relative subjectivity (indicators of coastal vulnerability: environmental carrying capacity, existence of different
MPAs, traditional tourist resorts, etc), and it can be considerate within calculus on cross-sections trends, by
multiplying the rate of retreat with certain coefficient/factor on different sub-sectors.

The delineation of the public space thus limits itself at the beach front within the coastal zone, respectively
the delineation of the safe set-backs limits. It is based on the consideration of the forecast worst-case scenario of
the coastal evolution/vulnerability, including the delineation of a baseline of the reference for a ten years
acceptable coastal behavior.

Delineation of the sea-land interface, as a seaward limit of the public sector delineation and setback limits,
from which the set-backs are gradually extended for different uses/facilities, is determinate by three chosen
components:

- Shoreline changes (p), including historical shoreline on maps, aerial photoplans and geomorphologic
parameters of the beach cross-shore profiles;

- Dune line changes at storms event, or vertical changes on the beach cross-shore profiles at different
seasons and hydrological events(f);

- Shoreline forecasted changes due to sea-level rise in the next 10 years (n).

Limit of the sea-land interface = (p) + (f) + (n)

Fig. 5 Determination of the variation limits for each cross-shore profile
(Measuring section afferent to landmarks network)

Calculation for each beach area, shore sub-sector was made in tabular mode and drew on certain classes
of extension according to the vulnerability or specificity of the sub-sectors. The extension of the forecasted
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shoreline and delineation line, in case of non-intervention, it was made in ArcGIS 10, for all beach sectors using
the chosen criteria.

P?

Legend

Q@ Puints_caloulus_stomn_wenves_limit
Landmams CSA-INCDM
e Shoreline retreat atstomn events
Shoreline_GF S 2008

Beach_limit_of_estreme_events

AN :
Fig. 6. a, b, ¢ and d. Mamaia Bay delineation

4. CONCLUSIONS

The modern methods of GIS &RS used for change detections, it provides necessary grounding for a
precise analysis and decision support in the case of anthropogenous impact evaluation and in the case of the risk
mitigation projects approaches, extended in several vulnerable areas. Extraction of class vector forms permits its
import in GIS environment and usage of certain methods and procedures of vector processing and spatial
analysis using ArcGIS software.

Major changes in Danube discharges regime were induced the change coastal sediment transport
regime drive by marine and coastal currents and waves, and in consequence were induced rapid
erosion/deposition processes nearshore. Diminishing of brackish water habitats surfaces, due to closing of the
Musura Bay and its gradual transforming in a fresh water dominated lagoon, together with significant changes of
Sacalin Island/peninsula can have important consequences over afferent fauna/species.

In general, the effects of hydrological and meteorological factors, especially of storms, it is not limited only to
the natural shore. They are extended to areas governed by anthropogenous factor, were the impacts of winter
storms are more visible and consequences become more dramatic on short terms, due to strong wind/waves
magnitude, or its durations [5], [6].

The methods used in present study emphasized the general characteristic of shore response, which
together with the followed numerical modeling works; it will make possible the correct understanding of the
phenomena at different space and time scales.

Due to the shoreline variability and present accelerated geomorphologic changes, it can be summarized
that it is necessary to exceed present lacks toward a dynamic understanding of the connected impacts processes in
new climatic conditions, and a real ecosystem base management of the Romanian coastal zone.
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Changes in Seismic Design Codes from the Perspective of
Progressive Collapse Vulnerability of RC Structures

Teodora S. Moldovan, Lucian A. Bredean, and Adrian M. loani

Abstract — The paper estimates the influence of Romanian seismic design codes changes on the progressive
collapse resistance of a typical mid-rise RC framed structure located in a high seismic area (Bucharest).
The progressive collapse potential is assessed following the linear static procedure recommended by the
GSA (2003) Guidelines. Three distinct models representing a 13-storey RC framed structure are designed
according to the seismic design codes in use in 1992, 2006 and 2008, and detailed considering the
provisions of concrete structures design codes STAS 10107/0-90 and Eurocode 2. The research results
show that a mid-rise structure located in an area with a4 = 0.24g does not experience risk for progressive
collapse when is subjected to different “missing column” scenarios. The last 20 years of changes in the
seismic design codes lead to improvements on the progressive collapse resistance of RC framed buildings.

Keywords — GSA (2003) Guidelines, progressive collapse, RC framed structures, seismic codes

1. INTRODUCTION

Progressive collapse is a chain reaction of failures that propagates throughout a portion of structure
disproportionate to the original local failure [4]. The main causes that lead to progressive collapse of buildings
are: explosions, impact by vehicles, human errors, wind gusts, floods and major earthquakes.

The U. S. General Services Administration and the Unified Facilities Criteria provide Guidelines (GSA
2003 [1], DoD 2005 [2] and DoD 2009 [3]) that propose procedures to evaluate the progressive collapse
resistance of structures. The GSA (2003) Guidelines [1] define a detailed methodology to assess the potential to
progressive collapse of buildings, based on a linear static analysis and different “missing column” scenarios.

In their works, Baldridge and Humay [4], Bilow and Kamara [5] assessed the progressive collapse potential
of mid-rise RC framed structures seismically designed for areas of moderate or high seismic risk. Recently,
Botez, Bredean, and loani [6] studied the progressive collapse vulnerability of RC framed structures taking into
account the influence of the number of stories. loani and Cucu [8], [9] examined the effects of the two former
Romanian codes P100-92 [10] and P100-1/2006 [13] on the progressive collapse resistance of RC framed
structures; only one damage case (short side column) was investigated. The authors, in a previous paper [17],
following the GSA (2003) Guidelines [1], presented the influence of the active seismic design code EC-8 [16] in
the assessment of progressive collapse potential of RC framed structures, when all four damage cases are
considered. In this paper only the results for the damage case C, (long side exterior column removal) of “missing
column” scenarios are presented.

In accordance with the need for research in this area, the objective of this study is to assess the progressive
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collapse potential of three distinct models representing a 13-storey RC building, designed and detailed according
to Romanian seismic codes in use, in 1992, 2006 and nowadays. In the analyses of structures all four damage
cases defined in GSA (2003) Guidelines [1] are considered. The paper estimates the influence of the changes in
Romanian seismic design codes on the progressive collapse resistance of a typical RC framed structure located
in a high seismic area (Bucharest).

2. BUILDING CHARACTERISTICS

The study was conducted on a typical 13-storey RC framed building, designed according to three distinct
Romanian seismic codes in use in the last 20 years. The structure consists of five 6.0 m bays in the longitudinal
direction and two 6.0 m bays in the transverse direction. The story height is 2.75 m, except the first two floors
which are 3.6 m in height. The thickness of the slab is 150 mm. Based on this structure, three distinct models
were developed. The model, represented in Fig. 1, was generated in the FEA computer software Autodesk Robot
2010; the dimensions of the structural components are presented in Table 1.

LA

Fig. 1. Model of structure

Table. 1. Dimension of the structural elements [mm].

Story Columns — —— Beams ——
Longitudinal direction Transversal direction
1,2 700x900 350x650 350x700
3,4,5 700x750 350x650 350x700
6,7,8,9 600x750 300x650 300x700
10,11,1213 | 600x600 300x550 300x600

3. SEISMICALLY DESIGNED MODELS

A. Model P100-92
The structure was designed according to the provisions of the seismic design code P100-92 [10]. In design


student
Line


Ovidius University Annals Series: Civil Engineering, Issue14, October 2012 61

at the Ultimate Limit State, the Special Combination of loads according to the Romanian Standard STAS
10101/0A-77 [11] is: DL + 0.4LL + E, where DL is dead load (composed by self-weight and an additional dead
load of 2.00 kN/m?), LL is live load, which is 2.4 kN/m?, and E is the earthquake effect.

The seismic analysis is performed for Bucharest (zone C on the Romanian seismic map with ks = PGA/g =
0.2). The magnitude of total equivalent seismic force S, is:

55100—92 = o kg By -Prg-G= 0.095G @

where: a is the importance factor of the structure depending on the importance class (for building of importance
class 11, a has the value 1.2); ks is the seismic coefficient; B, is the coefficient of dynamic amplification and has
the value 2.5); ¥ is a reduction coefficient of the seismic action, it has the value 0.2); , is the coefficient of
equivalence between real system and a SDF system corresponding to the mode “r” of vibration and G is the
weight of the structure: G = 49531 kN.

The structural response of the model is determined by a 3D linear static analysis performed in the FEA
computer software Autodesk Robot. The material properties are given in Table 2. Reinforcement is made
following the provisions of the standard for concrete structures STAS 10107/0-90 [12]. The modal response
spectrum analysis provides the following values for the fundamental periods: T; =1.23sand T, =1.22 s.

Table. 2. Strengths of materials for the model P100-92 [MPa].

Seismic design Progressive collapse analysis
Material Design values* Characteristic un- With 1.25 factor
factored values
R.=125 R.= 16.6 20.75
Concrete Bc 20 R= 0.95 Re= 1.43 178
Steel PC 52 R, =300 Ra= 345 431
OB 37 R,=210 Ra= 255 318

*R. (Ry) — design value for the compressive (tensile) strength of concrete; R, — design value for the yield strength
of steel reinforcement.

B. Model P100-1/2006

The structure was designed according to the provisions of the former seismic code P100-1/2006 [13] and
detailed according to EC-2 [14] — standard which had replaced the national standard for RC structures STAS
10107/0-90 [12]. According to CR 1-1-3-2005 [15], the snow load for Bucharest has a new value: S = 1.28
KN/mZ. In the seismic code P100-1/2006 [13], the expression for the seismic base shear force Fy is:

FP100-2006 — .S (T,)*m-A = 0.09996G @)

where: v, is the importance factor of the structure depending on the importance class (for buildings of importance
class II, y; has the value 1.2); m is the total mass of the building above the foundation; X is the correction factor
which takes into account the contribution of the fundamental mode of vibration (the building has more than two
stories and if T,< T, then A = 0.85). T is the fundamental period of building vibration and S4(T,) is the ordinate

of the design spectrum (Sq(T) = ag- B(T) ). The new Romanian seismic map [13] considers that the ground of
Bucharest is characterized by: ag= 0. 24g, Tg=0.16s, Tc = 1.6 s and B(T) = o = 2.75. The parameter aq |s the
design ground acceleration and q is the behavior factor (q = 5=, for multi-story and multi-bay frames <11
1.35, result that g has the value 6.75 ). Structures located in selsmlc regions with ay > 0.16g should be deS|gned
according to the requirements of the high ductility class (DCH).

The magnitude of the base shear force calculated with the seismic design code P100-1/2006 [13] increases

by 5.2% with respect to the total equivalent seismic force calculated with the design code P100-92 [10]. The
seismic design code P100-1/2006 [13] places the RC structures located in seismic areas with a5 > 0.16g in a high
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ductility class, and provides specific provisions for this class. The material properties are given in Table 3.
Reinforcement of the beams and columns is made considering the provisions of the design code for concrete
structures EC-2 [14] and the additional measures required by the design of elements in the high ductility class.
From the modal response spectrum analysis of the model result the following fundamentals periods: T;=1.15 s
and T,=1.13 s. The fundamental periods are decreasing with respect to the model P100-92 because the modulus
of elasticity E for concrete is different: for concrete class Bc 20 it has the value 27 000 MPa and for concrete
class C25/30 it has the value 31 000 MPa.

Table. 3. Strengths of materials for the model P100-2006 [MPa].

. Seismic design Progressive collapse analysis
Material Characteristic un-
Design values* With 1.25 factor
factored values
f.q = 16.67 fu=25 31.25
Concrete C25/30 f.g= 1.20 frross = 1.80 5 95
Steel S500 fya =435 fy = 500 625

*fea(fea) — design value for the compressive (tensile) strength of concrete; f,q — design value for the yield strength
of steel reinforcement.

C. Model EC-8

A similar analysis was conducted considering the structure seismically designed according to the
provisions of the present seismic design code EC-8 [16] and detailed according to the design code for concrete
structures EC-2 [14]. The seismic design code EC-8 [16] provides the following equation for the seismic base
shear force Fy:

FEC~8 = S4(Ty) m - A = 0.155G €)

where: m and A have the same values as in the model P100-1/2006. A difference appears in the expression of the
design spectrum Sy(T1): S4q(Ty) = agR-S-%. The values for parameters that define the elastic response

spectrum for Bucharest (zone z) are: agr= 0.249, Tg =0.16 s, Tc = 1.6 sand S = 1 (S is the sol factor); ag is the
peak value of the reference ground acceleration on type A ground. The behavior factor q = q4 -k, = 4.5 i,

1 = 5.85, q, is the basic value of the behavior factor, k, is the factor reflecting the prevailing failure mode in
structural systems with walls, k,, = 1 and =% = 1.3 for multi-story RC framed structures.

The magnitude of the base shear force calculated with the seismic code EC-8 [16] increases by 21% with
respect to the total equivalent seismic force calculated with the design code P100-92 [10], and by 15% with
respect to the seismic force calculated with the design code P100-1/2006 [13]. The reinforcement of the
structural elements is made considering the provisions of the design code for concrete structures EC-2 [14] and
also, considering the additional measures required by the design of elements in the high ductility class from the
seismic design code EC-8 [16]. The materials properties are the same as in the model P100-2006.

4, PROGRESSIVE COLLAPSE OF DAMAGED MODELS

The GSA (2003) Guidelines [1] provide a detailed methodology for minimizing the potential for
progressive collapse in the design of new buildings and for assessing the vulnerability to progressive collapse of
existing buildings. For structures of 10 stories or less, with relatively simple layouts, GSA (2003) Guidelines [1]
recommend the Alternative Path Method based on a linear elastic analysis. In the static analysis, the vertical
combination of loads applied downward to the structure is: Load = 2(DL + 0.25LL). The progressive collapse
potential is assessed considering the following “missing column” scenarios: the instantaneous loss of column at
the first story located at or near the middle of the short side of the building — case Cj, at or near the middle of the
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long side — case C,, at the corner of the building — case Czand an interior column — case C,. Following the linear
static analysis, a Demand-Capacity Ratio (DCR) is calculated for each structural element:

DCR = o (@Y
QcE

where: Qup is the acting force determined in component or connection (moment, axial force, shear and possible
combined forces) and Qg is the expected ultimate un-factored capacity of the component or connection, which
results from the seismic analysis. The structural elements and connections that have DCR values greater than 2.0
are considered to be severely damaged or collapsed. If all the DCR values are less than or equal to 1.0, then the
structure is expected to behave elastically when a vertical support is removed.

The progressive collapse analysis has been performed for all those four cases C;, C, C; and C,, and this
paper presents the numerical results only for the case C,— long side exterior column removal. After the removal
of the exterior column, the bending moment and shear force diagrams on the damaged structure under gravity
loads, for the exterior longitudinal frame CL 4 are represented in Fig. 2.a and Fig. 2.b.
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Fig. 2. Damaged structure — longitudinal frame CLs: a) bending moments [KNm]; b) shear forces [kN]

A. Damaged model P100-92
Demands in beams Qup are assessed and compared to the expected ultimate un-factored beam capacities
Qce. For the damaged model P100-92, the DCR values for significant beam sections at the lower part of interior
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transverse frame CTj; are represented in Fig. 3, and for the longitudinal frame CL in Fig. 4.

CT3 frame
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Fig. 3. DCR values for damaged model P100-92 - transverse frame CTj: a) for flexure; b) for shear

At the transverse frame CT; all the DCR values for flexure are below the allowable limit (2.00); the
maximum DCR value is 0.91 at the first floor beam. The DCR values for shear, represented in Fig. 3b, are also
well below the allowable limit (1.00), the maximum value being 0.67. As at the transverse frame CTs, in the case
of longitudinal frame CL, all the DCR values are also below 1.00. For flexure, the maximum DCR value is 0.93
at the first floor beam, and for shear, the maximum DCR value is 0.56 in the same section. Finally, the model
P100-92 behaves elastically and consequently, there is no risk for progressive collapse. All four damage
scenarios (C;to C,) lead to a similar conclusion.
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Fig. 4. DCR values for damaged model P100-92 - longitudinal frame CL : a) for flexure; b) for shear

B. Damaged model P100-2006

The structure designed according to the provisions of the seismic design code P100-1/2006 [13] is
subjected to progressive collapse and result the following maximum DCR values for flexure: 1.10 at the
transverse frame CT3and 0.88 at the longitudinal frame CL . The maximum DCR values for shear are: 0.77 for
the transverse frame CT; and 0.75 for the longitudinal frame CL. Therefore, the progressive collapse is not
expected to occur when an exterior column near to the middle of the long side is suddenly removed. All the four
damage scenarios confirm this conclusion.

Compared to the structure design according to the codes P100-92 [10] and STAS 10107/0-90 [12], the
model P100-1/2006 has an increase in terms of DCR values for flexure from 0.93 to 1.10, because the material
properties have been changed, as shown in Table 2 and Table 3. The maximum DCR values for shear are


student
Line


Ovidius University Annals Series: Civil Engineering, Issue14, October 2012 65

increased from 0.67 to 0.77, due to the decrease of the expected ultimate un-factored capacity Qcg, calculated
according to the provisions of the present code EC-2 [14]. The model P100-2006 has an improved shear
reinforcement (®10/130 mm of S500 steel type) compared to the model P100-92 (®8/140 mm of OB37 steel

type), but the ultimate un-factored shear capacity of the beam is significantly lower (V4202006 = 451,30 kN

compared to V190792 = 522.25 kN). This unexpected change in shear DCR values has been explained by loani

and Cucu in their paper [8].

C. Damaged model EC-8

After the removal of the exterior column near to the middle of the long side, the damaged structure
designed according to the provisions of the present seismic design code EC-8 [16] has the following maximum
DCR values for flexure: 0.77 at the 10" floor beam on the longitudinal frame CL, and 0.82 at the first floor
beam on the transverse frame CTs. The maximum DCR values for the longitudinal frame CL 5 is 0.65, and for
the transverse frame CTsis 0.72. If all the DCR values are below 1.00, the structure designed according to the
present codes remains in the elastic stage when a long side exterior column of the building is suddenly removed.

When the structure is designed according to the present seismic design code the internal forces greater
(with approximately 15%) than those obtained when the structure is designed according to the former seismic
design code P100-1/2006 [13]. This fact leads to an increase of the expected un-factored capacities of structural
members Qce and consequently the DCR values decrease compared with the damaged model P100-2006.

5. CONCLUSIONS

The present study investigates the vulnerability to progressive collapse of a typical mid-rise (13-storey)
structure located in a high seismic area (Bucharest). In the last 20 years, the Romanian seismic design codes
were changed three times: in 1992, 2006 and 2008. A RC framed structure is designed according to each of the
three seismic codes. Some important parameters that intervene in the seismic analysis have been changed:
concrete class (from Bc 20 to C25/30), type and quality of steel (from PC52 to S500), ground acceleration of the
location a4 (from 0.20g to 0.24g), the provisions regarding the allowed minimum ductility class of structural
elements as well as the magnitude of the behavior factor g (from 6.75 to 5.85).

The progressive collapse potential is assessed following the static linear elastic procedure specified by
GSA (2003) Guidelines. A typical mid-rise RC framed structure located in a high seismic area (Bucharest),
designed and detailed according to the seismic codes P100-92 [10], P100-1/2006 [13] or EC-8 [16], does not
experience risk for progressive collapse when is subjected to different missing column damage scenarios. In the
damage case C, (long side exterior column removal), the DCR values for flexure and for shear are below the
allowable values (2.00 for flexure and 1.00 for shear). Therefore, the models satisfy the acceptance criteria
defined by GSA (2003) Guidelines [1] and the progressive collapse is not expected to occur. Excepting very few
beam sections where low inelastic demands are identified (1.00 < DCR < 1.10), the structures practically
behaved elastically (DCR < 1.00).

The evolution of the Romanian seismic design codes has an important influence on the level of equivalent
static seismic forces. Compared to the seismic design code P100-92 [10], the more recent codes P100-1/2006
[13] and EC-8 [16] lead to an increase of the seismic design force of 5.2%, respectively 21%. As a direct
consequence, the expected flexural capacity of beams will also be increased, and the magnitude of demand-
capacity ratio (DCR) decreases. The structure designed and detailed according to the active codes EC-8 [16] and
EC-2 [14] represent the safest model against the progressive collapse. Thus, an important finding of this study,
of great importance for structural engineers, is that the changes in the Romanian seismic codes brings an
improvement in terms of progressive collapse resistance of RC structures, and confirm the implicit benefits on
progressive collapse resistance when the modern European design codes are used in design of concrete
structures.

A similar analysis is conducted considering that the structure is located in a seismic area with a4 = 0.20g,
being the lower limit of a high seismic zone. In this case, the DCR values are higher than the structure located in
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an area with a; = 0.24g, but are still below allowable values, which means that the progressive collapse is not
expected to occur. In conclusion a 13-storey structure design and detailed according to the present codes for at
least a seismic area with a5 > 0.20g has a low potential to progressive collapse when an exterior column near to
the middle of the long side is suddenly removed.
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Application of additional linear viscous dampers solution for a
6-storey steel structure

Loredana Elena Rosu and Catalin Constantin Rosu

Abstract — During the last years, there were used increasingly more passive devices for seismic energy
dissipation, both for new buildings and for the strengthening of existing ones. The use of these devices has
also begun in our country and the tendency is for their application to a large extent. In this article are
analyzed variants of structural response reduction by adding supplemental linear viscous dampers. It is
considered a regular steel structure with 6 levels in three variants of conformation: moment resisting
frames structure, structure with linear viscous dampers and dual frames structure with concentrically
braced frames and moment resisting frames. The performance of the solutions are compared, the
comparative terms being values of the structural response: peak displacement, absolute acceleration and
base shear force, vibration period and the steel quantity, obtained by nonlinear dynamic analysis. WS
represents welded section (Malta cross shape).

Keywords — supplemental damping, peak displacement, viscous damper, seismic response.

1. INTRODUCTION

Although the constructed background in Romania includes a reduced number of multi-storey steel
structures compared with the number of concrete and masonry structures, most of them being built in recent
years, on international level was noted a good behaviour for these type of structures in case of a major
earthquake. Although they have suffered damages, due to their capacity to dissipate a part of seismic energy,
their behaviour has been better than other types of structural systems. By introducing additional energy
dissipation devices one aims to increase structural damping.

Fluid viscous energy dissipation devices are included in the category of passive devices because they do
not need an additional source of energy to get into work. Viscous dampers have been used successfully to
increase damping ratio for structures where the use of other types of devices was difficult or was not enought.
Fluid viscous dampers works on the principle of fluid flow through orifices. A viscous damper force depends on
the relative velocity between the two ends of the damper. The force-velocity relation depends in particular on the
fluid characteristics and has the general formula [2]:

_ a
de.p =cxv®, (1)
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Where: Fgip — is the damper force; ¢ — is the damping constant for the device (it depends on the physical
and geometrical characteristics of the device and it has a direct proportional influence on the area of the
hysteretic curve); v - is the relative velocity between the two ends of device and a is the velocity exponent
(damping exponent) for the device, with values between 0.01-2.0.

The hysteretic curve for a linear viscous damper (a=1) is an ellipse.

The analyzed structure was designed and dimensioned according to norm P100-1/2006 — ,,Standard for
seismic design of residential, social, cultural, agricultural and industrial buildings”, for Bucharest area.

The analyzed variants of structural systems are:

A. Moment resisting frames structural system

B. Structural system with viscous dampers

C. Concentrically braced frames structural system.

For this analysis, the software design used was SAP2000.

2. DESCRIPTION OF ANALYZED STRUCTURAL SYSTEM VARIANTS

2.1. Variant A — moment resisting frames structural system

In A variant (Fig.1.(a);(b)) energy dissipation is made entirely by steel yield in dissipative zones (beam
ends and column bases).

The structure has three spans and three bays of 6.00m and 6 levels, each of 3.80m high. The steel used is
S355JR which has the yield strenght £,=355 N/mm’. Structural system was designed considering two load
hypothesis :

Variant A.0. — the gravitational and wind loads;

Variants A.1.0, A.1.1 — considering the seismic load;

The variant A.0. structure is dimensioned considering actions of fundamental load cases (gravitational
loads and wind loads), without taking into account the seismic load. In A.1.0 variant, based on the structure
designed in A.0 variant, the structure was calculated considering actions of load cases that contain seismic load,
in wich case resistance and deformability requirements have not been achieved. In order for these requirements
to be accomplished, the increase of elements sections was necessary and A.1.1. variant structure was derived.
The structure analysis considering load cases that contain seismic load was performed using the equivalent static
seismic forces method. For A.1.1 variant, nonlinear dynamic analysis was performed using Vrancea 1977, N-S,
INCERC, Bucharest, recorded accelerogram, scaled by a factor of 1.2. According to seismic zoning maps (P100-
1-2006) for structure location a corresponding peak ground acceleration has the value equal tu 0.24g, with a
control period (Tc) of response spectrum equal to 1.6s, considering a seismic action with the medium return
period of 100 years (used in P100-1-2006 for structural design to Ultimate Limit State). Dynamic amplification
factor is, according to P100-1-2006 standard, fo=2.75, for the period TB-TC.
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Fig.1. (a)Axonometric view moment resisting frames structural system; (b)Central moment resisting
frame.

Section shapes used for structural elements are: columns — Malta cross shape made of HEA profiles type
and WS (WS represents welded section - Malta cross shape), main beams — double — T section (IPE profile).
Floors are made from reinforced concrete slabs and are considered infinitely rigid in their plans. In the analysis
model slabs are considered by the loads they are transmitting to structure nodes. Structural elements sections are

presented in Table 1.

Table. 1. Elements sections for structures A.0, A.1.0,A.1.1,B.0,B.1,B.2,B.3,B.4,C.0,C.1.

Structural | Level Elements sections Description
system Beam Column Brace
variant
1-2 | IPE400 | WS275x8-260x14 - A.0-Moment resisting frames
3-4 | IPE400 | WS235x8-220x12 - structural system designed by
A0 A10 5-6 | IPE360 | WS235x8-220x12 - fundamental load cases; A.1.0-
’ ’B 0 o Structure from A.0 with seismic lgad
cases; B.0-Structure from A.0 with
seismic load cases and viscous
dampers.
1-2 | IPE400 | WS275x8-260x14 | CHS193.7*8 . .
Co0 3-4 | IPE400 | WS235x8-220x12_| CHS168.3*8 1% N f ch?ecst‘;fdfzg‘r?cglglvc";ﬁlyssg?e‘s"
5-6 | IPE360 | WS235x8-220x12 | CHS139.7*8 )
1-2 | IPE450 2HEB650 - Moment resisting frames structural
A1l 3-4 | IPE400 2HEAS500 - system designed by fundamental and
5-6 | IPE400 2HEA400 - seismic load cases.
1-2 | IPE400 2HEAS500 Moment resisting frames structural
B.1,B.2, 3-4 | IPE360 2HEA340 systems with additional viscous
B.3,B.4 5-6 | IPE360 | WS300x8-280x14 dampers designed by fundamental
and seismic load cases.
1-2 | TIPE400 2HEAS500 CHS193.7*8 | Structural system with concentrically
C.1. 3-4 | IPE400 2HEA340 CHS168.3*8 | braces designed by fundamental and
5-6 | IPE360 | WS260x8-240x12 | CHS139.7*8 seismic load cases.
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The first two vibration modes are of translations with a participation mass factor higher than 75%. Thus:
T]lA'IZ 2.058., TI,A,2:1-42 S.

2.2. Variant B — structural system with viscous dampers

In B variant (Fig. 2(a)) the energy dissipation is done both by steel yield (natural damping) and by viscous
dampers (additional viscous damping). They transform seismic energy into heat that is released into the
atmosphere.

In B.0 variant, based on the structural system dimensioned in A.0 variant, viscous dampers were added and
the structure was analyzed considering seismic load. Because, as noted, the resistance and deformability
conditions have not been achieved, the structure was conformed and dimensioned again so that they cand be
complied by introducing viscous dampers. There have been considered several options for dampers placing in
order to obtain a more effective positioning. Dampers location in a frame was made throughout the entire height
of the structure, as follows:

B.0. si B.1. Structural system with viscous dampers - placed in the central spans of each transversal frame
and in the central bays of each longitudinal frame, a total of 48 dampers (Fig.2(b), Fig.3(a));

B.2. Structural system with viscous dampers - placed in the marginal spans of each transversal frame and
in the marginal bays of each longitudinal frame, a total of 96 dampers (Fig.2(c), Fig.3(b));

B.3. Structural system with viscous dampers - placed in the central spans and central bays of marginal
transversal frames and marginal longitudinal frames, a total of 24 dampers (Fig.2(b), Fig.3(c));

B.4. Structural system with viscous dampers - placed in the marginal spans and marginal bays of marginal
transversal frames and marginal longitudinal frames, a total of 48 dampers (Fig. 2 (¢), Fig.3(d));

6o ¢ 8§ 88 8 8 8

Lavel 5

Lavel3

Lavel 2

[un] a m un} [uil] ] [ ]
(b) (©)

Fig.2. (a) Axonometric view structural system with viscous dampers; (b) Structural frame with viscous
dampers located in the central span; (c) Structural frame with viscous dampers located in the marginal spans.
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Fig.3. (a), (b), (c), (d) — Dampers allocation types into the structure

Structural elements of the building are calculated using a seismic force corresponding to a damping ratio of
25% from wich 3% represents the natural damping ratio. In this case the base shear force it was affected by the
factor 1 ( ecuation 2) [3]. Structural elements sections are presented in Table 1.

n= 10 )
e+§eq

The damping constant ¢ of viscous dampers will be calculated from the condition for the equivalent
damping ratio (&), due to the action of the supplemental viscous dampers, to be equal with 22% of the critical
damping ratio. In order to determine viscous dampers characteristics, one will use the methodology described in
FEMA 356 [2].

E
=—2 3)
4rE

Seq

The above relation results from equalising the energy dissipated in one complete oscillation cycle by the
actual structure to the energy dissipated by an equivalent viscous system. Ep is the energy dissipated by the
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devices in an oscillation cycle and is calculated as the sum of work done by each device in that cycle using
relation (4). Es is the maximum potential energy of deformation calculated with relation (5) [2].

272
E,=> (V)= 270,65 )

J

Where: T — is the fundamental mode period for the analyzed direction; ¢ — is the damping constant of
linear viscous damper ,,j”; &,; — is the relative displacement between the ends of device ,,j”.

1
Eg =EZ(F,-5,-) )

Where: F; — is the inertia force at floor level ,,i”; m; — is the structural mass at level ,,i”; a; — is the
acceleration at floor level ,,i”.

Damping constants of devices c; are calculated by the equation (6) where ¢, is a reference value and k; are
coefficients chosen by the designer [2]. In this specific case, all k; coefficients are assigned to value 1 (k;=1).

¢; =c,k, (6)

By replacing relations (4) and (5) in equation (3) one can obtain an equation (7) to calculate damping
constant of viscous damper:

§,47 Y (D)

27t
TZ ,0,

As a condition for dimensioning the structure with dampers (B2 variant), additionally it was required to
check the strength and deformability elements (relative level displacements) to service limit state and to ultimate
limit state. Structural systems with viscous dampers for the analyzed variants had an elastic behaviour.

C

0

2.3. Variant C - concentrically braced frames structural system

In C variant (Fig.4 (a); (b)) energy dissipation is entirely made by steel yield in dissipative zones (tensioned
braces, beam ends from the moment resisting frames and column bases). Structural elements sections are
presented in Table 1.

The first two vibration modes are of translations with a participation mass factor higher than 72%. Thus:
TI.C: 0.73s.
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Fig.4. () Axonometric view concentrically braced frames structural system; (b) Concentrically
braced frame.

3. ANALYSIS RESULTS AND OBSERVATIONS

The nonlinear dynamic analysis results are summarized in table 2 and they are presented as the structural
response values, the steel consumption values resulted for each conformation variant and the damping constant
values of viscous dampers.

One can note that the base structure A.0, exclusively dimensioned to load cases that do not contain seismic
action do not meet the resistance and deformability conditions for load cases that contain seismic load, as
follows:

- A.0.1 variant (structure from base variant A.0) — deformations exceeding by 211% and resistance
exceeding by 248% (for columns)

- B.0 variant (structure from base variant A.0 with dampers) — deformations exceeding by 73% and
resistance exceeding by 107% (for columns)

- C.0 variant (structure from base variant A.0 with centric braces) — deformations are verified and
resistance exceeding by 84% (for columns)

In B.0 variant (structure from base variant A.0 with 48 viscous dampers), one can observe that dampers
added as energy dissipation devices, are capable to support the majority of the seismic action so that the
deformability requirements to be almost achieved. However, the obtained structure can not support the efforts on
which the structural elements are subjected to, especially the structures columns (moment and axial force), due to
seismic action. The structure no longer satisfy the resistance requirements.

In B.1 variant (structural system with 48 viscous dampers) one can observe that for a decrease in the
vibration period of the structure there is an increase of the damping constant of the devices. In order to provide
an additional stiffness for the structure, dampers must develop a higher force. One can also notice that the
structure level masses have increased in B1 variant compared to BO variant (structure from base variant A.0 with
dampers) and therefore the damping constant (wich depends on the structure level mass) of the devices
increased.

Instead, if the dampers number increases, the corresponding damping constant decreases, but the structural
response values changed to a minor degree. In B2 variant ( structural system with 96 viscous dampers) one can
observe that even though the dampers number has doubled, damping constant value has not decreased by half,
and one may conclude that a smaller number of dampers can be more efficient from an economical perspective,
even if they have a higher damping constant value. If it is analyzed instead the B3 variant (structural system with
24 viscous dampers) compared to B1 variant (structural system with 48 viscous dampers) of dampers location,
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one can observe that the dampers constant is directly proportional to dampers number from wich one can
conclude that this type of allocation is more favorable to dissipate seismic energy.

Table. 2. Comparative table of structural response values

Response parameters

Maximum Absolute Base Steel Damper

Fundamental . -
Structural system peak max. peak shear brati quantity | coeficient
displacement accel. force vibration (Kg) ¢ (KNs/m)

(mm) (m/s?) (KN) period (s)

A.0- Moment resisting
frames structural system
designed by fundamental
load cases

- - - 2.09 95700 -

A.1.0-A.0 Structure with

L 0.644 6.22 4469 2.09 95700 -
seismic load cases

B.0-A.0 Structure with
seismic load cases and 48 0.475 481 4047 2.09 95700 913
additional viscous dampers

C.0-A.0 Structure with
seismic load cases and 0.157 6.91 5818 0.9 95700 -
concentrically braces

A.1.1- Moment resisting
frames structural system
designed by fundamental
and seismic load cases.

0.431 8.44 8149 1.25 179200 -

B.1-Moment resisting
frames structural systems
with 48 additional viscous
dampers designed by
fundamental and seismic
load cases.

0.374 6.46 6309 1.49 130200 1143

B.2- Moment resisting
frames structural systems
with 96 additional viscous
dampers designed by
fundamental and seismic
load cases.

0.340 5.99 6068 1.49 130200 762

B.3- Moment resisting
frames structural systems
with 24 additional viscous
dampers designed by
fundamental and seismic
load cases.

0.374 6.48 6340 1.49 130200 2286

B.4- Moment resisting
frames structural systems
with 48 additional viscous 0.377 6.51 6333 1.49 130200 1143
dampers designed by
fundamental and seismic




Ovidius University Annals Series: Civil Engineering, Issue14, October 2012 75

load cases.

C. I-Structural system with
concentrically braced
frames designed by 0.096 6.33 6180 0.73 140400 -
fundamental and seismic
load cases.

A change in the value of the damping constant of devices can be achieved if structures level masses will
change, wich means a change in the additional viscous damping level.

4, CONCLUSIONS

Viscous dampers are used as additional energy dissipation devices, dissipation throught inelatic incursions
of some structural elements (natural damping), even though with a lower rate from the total damping ratio of the
structure, being indispensable in case of an earthquake. These dampers bring an additional damping to the
structure being very usefull when it is required to decrease displacements due to seismic or wind action, and also
adds a certain rigidity for structure (see table 2).

One can observe that for a moment resisting frames structure with viscous dampers it seems to be efficient
a regular allocation of dampers into the structure (in symmetrical spans and bays in both directions). Also, in
order to be more economicaly efective the number of dampers should be kept as low as possible.

For a chosen level of damping ratio, structural response parameters change to a minor degree depending on
the number of dampers (table 2). They have similar performances and the only value that varies significantly is
the damping constant of viscous devices. After the introduction of dampers into the structure, for the analysed
cases, the structure has an elastic behaviour for all dampers allocation variants.

The reduction of efforts due to an additional damping provided by dampers leads to the reduction of
structural elements sections and therefore to the reduction of steel consumption. The steel quantity decreases
with 43% in B.1. variant (structural system with viscous dampers) compared to A.l variant (moment resisting
frame structure) and with 8% compared to C.1 variant (concentrically braced frames structure).

Under these circumstances, still, an open issue it is the achievement, based on further research of devices as
economical effective as possible in order to be used as a solution for seismic response reduction in the current
designing procces.

It appears of interest realisation of further theoretical researches on the behaviour of structural systems with
concentrally braces to wich viscous dampers to be placed in different allocation types (the replacement of some
braces with viscous dampers).
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The evaluation of the effect of damping on a structure of
reinforced concrete frames P+4

Tepes Onea Florin

Abstract — This paper intends, in the first instance, to compare the response of reinforced concrete frame
structures subjected to seismic action obtained by two methods of calculation: the use of equivalent static
seismic forces and the use of integration in time, considering the same seismic area.

In the second phase we intends to determine the influence of viscos damping. Comparative analysis will
be made through methods accepted by the existing normatives (P100/2006).

Keywords — concrete, finite elements, seismic forces

1. THE FOUNDATION OF THE METHOD OF ANALYSIS

In order to determine the stress within the structure including the mesh nodes a discretisation with 8-node
quadrilateral elements, was used with quadratic interpolation functions.

The quadrilateral element was chosen instead of the “beam” element because:
- it leads to a state of tension throughout the structure
-the discretization does not involve special problems in the case of modern programes
-the finite-elements were used in the plain stress , with their thickness implied.
-there is the advantage of further analysis in which the reinforcement effect, will be introduced advantage, that
does not exist in the case of th “Beam elements”.
-linear quadrilateral elements were not used because the main disadvantage of the linear elements and therefore

of linear izoparametric is the lack of accuracy in reproducing the bending phenomenon .
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Fig. 1 The condition of deformation of an element subjected to pure bending: a) produced physical b)
reproduced by linear quadrilateral element
The specific strain y,, produced in the element and actually void makes that some strain energy is stored

in "parasitical" stress 7 , the element becomes too stiff in bending.
In the case of quadrilateral membrane, izoparametric, parabolic (8 nodes/16 nodal degrees of freedom the

functions element of the of geometry are parabolic with the expression: £, 77 € [—1,1]
X=ay +ayd+asn+agéntasé® vagn’ +arEin+agén’

Y = ag +ayé +ayn+apén+ané’ faun’ +asEin+agén’
In the case of the izoparametric element the shape functions for geometry being also used to describe the
description of the field displacements.
These degrees of freedom can provide to the finite element the possibility to represent a constant bending
moment. Tests show that using incompatible quadrilateralelements leads to solutions converging monotonously.
In conclusion it is notable that incompatible quadrilateral elements do not introduce errors in the structural
response as compared with elements the “Beam” elements. A comparison of response was made too in the case
of equivalent static seismic forces between a discretization with quadrilateral mesh type elements with 8 nodes.
The results in terms of displacements are similar between the two types of analysis (Fig. 2), which means

that the bending with quadrilateral elements with 8 nodes is correctly modelled.
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Fig.2 a) deformed shape discretization of mesh elements Dy Beam max = 0.6E-2m b) deformed shape
discretization 8-node izoparametric elements Dymax = 0.5E-2m

The calculation using the equivalent static seismic forces is easy because it needs an effort of calculation
reduced, the necessary information for obtaining seismic forces are easy to obtain and not least of all most

programmes with which the design companies operate do not allow integrations in time.
In the case of the integration in time an accelerogram is required recorded in the respective area and scaled

to an appropriate value from P100/2006. The calculation step length is chosen small enough (0.02s) in order to
obtain a good numerical accuracy and to avoid numerical instability.
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It is considered that for a sufficiently accurate calculation at least 20 time steps in a period of time
27 Dy - O must exist. This represents the greatest pulsation that is important in the dynamic response as

° max

follows: At < Lz—ﬂ = 0.3
20

[2)]

(0]

max max

The matrix [C] is selected after the Rayleigh model, the scaling parameters being evaluated depending on
the fractions of critical damping. One of the major advantages of the direct numerical integration method
consists in its application withot difficulties on the nonlinear dynamic analysis of structures. Another
advantage of the integration in time is represented by the fact that the equation of motion is the most apropiate

way to approximate the real phenomenon.

2. THE STRUCTURAL RESPONSE ANALYSIS FRAMEWORK USING THE TIME INTEGRATION

Comparative studies were realized on the same discretization (element with 8 nodes) applying seismic
forces in two ways: a) the corresponding equivalent static seismic forces for seismic zones 0.16g b) using
integration in time while using an accelerogram scaled to 0.16g having a duration of 16s and with 800 time steps
with dt = 0.02s.

We used the resilience modulus appropriate to the C20/25 concrete.

The comparative results in terms of displacements and unitary efforts are presented in Table 1.

Table 1
Analysis type Dy max o, (daN/em®) o, (daN/em?)
Equivalent  static 0.458E-2 -60.23 -53.68
seismic forces +60.82 +17.37
Integration  time 0.887E-2 -97.03 -94.26
(quadratic element 8 +96.79 +51.96
knots) accelerogram At end rulers first level Based on pillars
duration 16s

The results obtained in the first case study show a underevaluation of displacements and efforts in the case
of using equivalent static seismic forces instead of the integration time. The diferences, in the displacements
case, are almost double.

In the case of unitary efforts the differences between the two assessment methods of the seismic response
are 61.6%.

The stretching efforts are irrelevant because in the stretched zone the concrete works cracked, and the
stretching efforts are taken by the reinforcement.

The time integration analysis can be considered as a baseline study since it represents close mathematical
formulation which is the closest to reality.

3. EVALUATING THE DAMPING

If the notions of mass and stiffness are relatively easy to wield, given their static nature, the concept of
depreciation is difficult to deal with. This is because depreciation out of static problem has been treated
superficially in standardized structural dynamic analysis because of the difficulty of getting adequate information
for all problems of interest. From the experience gained by researchers until now, it appears as certain the
following fact: damping plays an important role in determining the response of a structure required by dynamic
action, an uncertainty of the order of 20-30% in assessing the response falsify the damping rate by 15 -40%.



80 Ovidius University Annals Series: Civil Engineering, Issue14, October 2012

The damping is a phenomenon that causes dissipation of energy in a mechanical system in motion. This
dissipation of energy is achieved by: feedback in the field, losses in the environment, energy losses in absorber
with which the system can be equipped, internal damping due to inelastic behavior of materials.

The energy returned to the land transformed patially into heat due to internal damping land and partly in
waves that are transmitted over long distances.

Regarding the internal damping materials, elements or structures in general, the problem is quite delicate.

In this study only viscous damping was considered not hysteretic damping (material nonlinearity).

The analytical determination of the engineering structures damping is not reliable engineering structures.
The fraction of critical damping for different types of structures and two levels of application are shown in Table
2.

It is noted the fact,that most seismic design standards do not recognize damping variation by the type of
material and the level of the efforts in the structure, in all cases a fraction of critical damping of 5% being
specified.

Table 2

Stress level Type structure <%

Efforts within 0.5 of Reinforced concret structure (cracks limited) 2-3
yield strong concrete Significant cracks in concret cracks 3-5
structures

Efforts yield close to Concret structure 7-10
concrete structures

Last run (table 3) was performed using a 5% damping. The accelerogram of 16s was kept and nodal
masses were introduced in order that the damping matrix can be calculated using the Rayleigh model.The
damping matrix has the form [C] = a[M ]+ S[K]

Table 3
Analysis type Dy max o, (daN/em®) o, (daN/em?)
Integration  time 0.64E-2 -175.0 -112.01
(quadratic element 8 +161.0 +147.6
knots) accelerogram (At end rulers first (Based on pillars)
duration 16s + 5% level)
damping

4, CONCLUSIONS

The calculation model using the quadratic element with 8 nodes provides a good solution in terms of
obtaining displacements and stress.

There is an understatement of displacements and stress when using equivalent static seismic forces
comparatively with the integration in time.

In case of unitary stress differences between the two assessment methods of the seismic response are of
61.6%.In the last method of analysis, in which the depreciation was taken into account, major changes are in

terms of unitary stress. Thus the maximum tension &, does not occur in step 322 but in step 539.

There is also an increase in terms of state power from 96daN/cm2 to 175 daN/cm2.So if the area of
concrete is large and work cracked , the efforts are taken to the reinforcement. For the compressed zones of
concrete the stress values are high.
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Landfill Water Management

Michal Holubec, Kristina Galbova, lvona Skultétypvtefan Stanko, Ivana Mahrikova

Abstract — Protection of groundwater quality is a primary performance goal for all waste
containment systems, including final cover system3he potential adverse impact to groundwater qualiy
results from the release of leachate generated imrdfills or other waste disposal units such as suwate
impoundments. The rate of leachate generation (angotential impact on groundwater) can be minimized
by keeping liquids out of a landfill or contaminatel source area of a remediation site. As a resulthe
function of minimizing percolation becomes a key pgormance criterion for a final cover system.

Landfills are a potential threat to the surrounding environment during their design or technical error
throughout their operation in terms of leachate. Lachate represents water that gets into the landfilbody
by rainwater and in the contact with waste it gainsharmful properties. Percolation through the landfil
body is improperly designed or implemented sealingdrainage system of landfills, its closure and
reclamation, as well as in the case of accident$iesse buildings can result in contamination of therrgund
as well as the groundwater.

The control of leachate quantity and quality is thebasis for long-term landfill operation with minimized
emissions and also for leachate treatment.

Keywords: waste water, leachate, groundwater quality

1.INTRODUCTION

Of all unit processes conducted at a solid wastdfil leachate management is one of the mosicatit
to overall site environmental integrity. Properdeate management is essential to avoid surfacegesehd
water contamination and is one of the principahmats of a landfill management program that remainsn
the site closes.

Refuse contains decomposable matter, as well as ntiidents and organisms that promote
decomposition. The limiting factor controlling tlnount of decomposition taking place in municipalics
waste is usually the availability of moisture. Tdecomposition of solid wastes in an MSW landfilaisomplex
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process. It may be characterized according to thesipal, chemical, and biological processes th#gract
simultaneously to bring about the overall decompmsi The by-products of all these mechanisms are
chemically laden leachate and landfill gas.

Predicting the amount of leachate is a criticaligleparameter when designing a landfill. The amount
of generated leachate will impact operating castdefachate collection and treatment.

2. THE LEACHATE

With every landfill, the engineers have to decide the most qualified, ideal cover lining system.
Hereby, the main targets are to reduce the lealtagegh the capping into the waste body (and imtlyethe
pollutant emission of the total landfill) and tostlgn an appropriate system with respect to thetilmtapecific
conditions. The leakage is part of the complex watecesses which occur in the cover lining systéhe
processes depend especially on the climate (ptatigpi, temperature) and on the cover lining sysitseif (e.g.
vegetation, soils used). A good aid to examinedh@scesses and to compare different cover linystess is
the use of water balance models (programmes). ditiad, these programmes support the optimizattbe,
comparison of the hydrological efficiency of diféett cover lining components (e.g. restoration araindge
layer) and the specific risk estimation [1].

Leachate is liquid that penetrated deposited wastk emitted from landfills or remain detained in a
landfill [2].

Leachate is a liquid that has passed through orgeddrom the waste in a landfill. It contains dué&)
suspended, or miscible materials removed from sua$te. When designing leachate collection andrreat
facilities one has to consider the concentratiors \ariability of leachate with regard to its margnstituents.
Leachate generation rates depend on the amouiduid loriginally contained in the waste (primaradhate)
and the quantity of precipitation that enters #edfill through the cover or falls directly on thvaste (secondary
leachate). Under normal conditions, leachate iswdoat the bottom of the landfill and moves throubk
underlying strata. Although, some lateral movemmaty also occur, depending on the characteristicthef
surrounding material, leachate percolates throbhghunderlying strata and many of its chemical aiotbgical
constituents will be removed by filtering and alpive action of the material composing the stratageneral,
the extent of this action depends on the charatiesiof the soil. The exact volume of the produlsathate
cannot be easily estimated as it depends on graatedwinfiltration and waste composition. The
hydrometeorological conditions in the area of thedfill and its surroundings are of high importarsethey
affect the hydrogeological status of the area,Hatecproduction and subsequently the risk of coimation [3].

3. MODEL FLOW OF LEACHATE

In recent decades several water flow models fodflim have been developed. However, their
application was almost exclusively limited to lafimry experiments. Comprehensive simulations ofHate
flow and its generation rate using data from fallle landfills are very raid]- [5].

Computing leachate production in sanitary landfiisnecessary for selecting management methods,
design treatment systems and assess environmemati. Several methods for computing leachate gyare
currently available in the literature. A seriouswtback for most of the existing methods is the latKetailed
input data and the complexity of the computatichsimpler approach, described in Tchobanoglousl.eisa
based on a water balance, which takes into acasatdr infiltration, water from solid waste, watesnsumed
for biogas production, and water vapours escapiitly biogas emission. Leachate production occursmnthe
remaining water in the cell exceeds field capagftthe buried waste.
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Factors influencing leachate generation and indirethe potential for detrimental water resources
impacts at a landfill are:
1. Climate;
2. Site topography;
3. Final landfill covers material;
4. Vegetative cover;
5. Site phasing and Operating procedures;
6. Type of waste materials in the fill.

The amount of leachate generated from landfillsr doag time periods (e.g. years) can be predicted
quite well using available water balance modelg. (dELP [6]).

Their quantity is influenced by the intensity ofnfall, the surface runoff, evaporation and thdigbio
accumulate the landfill body water [2]. They cabltel leachate discharge equal to the difference dmatw
precipitation and the sum of actual evapotrangpimatrunoff, and water storage within the wasteyhathereby
the later one is determined on the concept of fieldacity (no water flow until the soil or wastackes certain
water content). However, the variation of the ledehdischarge rate over time is much more diffidolt
describe, since it requires an understanding ofvtter flow processes inside the landfill [7].

Despite the need for obtaining information on thargity of leachate from the landfill, they havefap
not been sufficiently addressed. Process watenbaltor the landfill is more complex than the wadiatance of
natural origin, because in addition to natural d¢tods affect the quantity water and bio-chemicebgesses
inside a landfill [7]. Informative Annex A - STN 8310 Landfilling, waste leachate from landfills debes the
calculation of the amount of landfill leachatestiates that quantity leachate can be determinedalgr balance
of landfill, which is generally expressed as follow

Q=Z-P-V+WzU+R 1)
where:

Q - is the quantity of leachate collected for lalhdEaling system;

Z - rainfall;

P - surface runoff;

V - evaporation;

W - moisture content of the waste deposited,;

U - water consumed by or underlying the on-goingahnaf the landfill;
R - retention capacity of landfill.

Getting quality input data is determined by sevéaators: the complexity of relationships in a l&ihd
the availability of necessary information, finarcapabilities and etc.. To balance modelling ofsémng
landfills is appropriate equation to calculate dgioantities of leachate (1) modified [8].

The water balance method serves as a useful emigigdeol in conducting environmental assessments
of proposed or existing sanitary landfill sitesesifically in regards to leachate generation.

Process water balance for the landfill is more demghan the water balance of natural origin, beeau
in addition to natural conditions affect the qugntvater and bio-chemical processes inside a Iindfie water
balance equation shown in Fig. 1., estimates theuatrof water which will percolate through the I&h@over.
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Fig. 1. The water balance equation

The amount of leachate generated from landfillsr dmeg time periods (e.g. years) can be predicigitegvell
using available water balance models.
Their quantity is influenced by:

¢ the intensity of rainfall,

* the surface runoff,

e evaporation,

e and the ability to accumulate the landfill body erat

To estimate the water balance of surface coverbner systems under the climate of a specific
location simulation models are suitable providesldpas they are sufficiently validated and criticapplied by
the user (Berger, 2003). The most famous and widaspmodel for the prediction of leachate produrctfothe
computer model HELP first reported by Schroederakt[1984] and developed further to Visual HELP
(Schroeder et al., 1994). The HELP-model is aitisted water balance model. The water input tdahdfill is
calculated by solving the water balance equatiorttfe surface. The landfill is divided into sevesabsystems
and the water movement through the landfill is glated by a routine procedure using Darcy's law [9]

Hydrologic evaluation of landfill performance (VEuHELP) computer program is a quasi-two-
dimensional hydrologic model of water movement asranto, through and out of landfills. Model ussimple
tool for evaluating the performance of alternatiaedfill design. The program was developed to cahdvater
balance analyses of landfills, cover systems, afid waste disposal facilities.

The primary purpose of the model is to assist @mdabmparison of design alternatives as judged &iy th
water balances. The model is sufficiently sophégéd to consider all of the principal design paremse
including vegetation, soil types, geosynthetic mats, initial moisture conditions, thicknessespgs, and drain
spacing as well as climate effects [10].

Model requirements for climatic data on a locak@gional scale are crucial for correct water badanc
estimations. To get the climatic data in an appadertime and spatial scale may be difficult anthisrefore a
potential source for uncertainty in the calculasionoreover, to verify the estimated surface rursafé landfill
site, and to obtain reliable data on the colledtzathate generation in the field may be diffictlhe input of
soil/waste properties is essential for calculatidrleachate production. In particular, the choidehpdraulic
conductivity is of major importance for the outcomfethe simulations, and the input data must beiobd
under relevant and reliable conditions.
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Table 1. Input data requirements and output options

Input / Output Parameters
Climate data requirements evapotranspiration
precipitation
temperature

Soil data requirements porosity

field capacity

wilting point

Initial moisture content
saturated hydraulic conductivify
Design criteria requirements  slope angle
slope length

Layer thickness
Output options runoff
evapotranspiration
drainage

leachate collection
liner leakage

The HELP-model exemplifies the use of a distributeater balance model. In Table 1., typical data
requirements (input) and output options for a leéelproduction model are compiled [9].

The HELP model and water balance method need tiiteraton of measured data of generated leachate
quantities from the landfill. After obtaining thesiassured and estimated amount of leachate it ifulusemake a
statistical analysis of the results of the methodged to compare and evaluate the degree of medijp between
the results of methods. The measured and estimjateatities of leachate have to be compared inigie of the
used methods, metrological conditions, and sitpamaion and operation aspects of landfill. Statétanalysis
of the results of the used methods is a helpful t’o@ompare and evaluate the degree of relatipnisbtween
the results of the two methods.

4.CONCLUSIONS

Recognizing the importance of percolation in theiremmental assessment of a potential leachatelgmob
at a land disposal site, this paper describes &acheneration and discusses a methodology to astithe
leachate quantity. Simulation models and programarestools and calculation assistance to procesplex
and complicated systems and procedures. The moglédli based on complex (exact) physical equations a
dependencies. The conversion is normally carrigdbgunumerical approaches of the finite elemenfimte
difference method. Consequently, the handling efgfogrammes is complicated, i.e. one needs higipating
power, and the simulation duration is relativelpdo Practical-oriented models are used to simukthnical
sceneries and various concepts. They contain velatsimple arithmetic approaches. Therefore, thieyuser-
friendly and fast. The water balance depends oh samplex procedures. Therefore, a vast numberatém
balance models and programmes were widely developed

For a complete understanding of the processestatiget is to develop a model which can simulate the
water movement in the total landfill.
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Accessibility of water in heritage buildings materals

Bucur Dan Pericleanu, Mihaeladgoi

Abstract — Accessibility of water itself is one of the pragsses causing damage to the building material by
transporting soluble salts in water composition. Ina sufficient quantity of water they dissolve and bcome
soluble; otherwise, they crystallize in solid formsOn the other hand, crystallized salts can store alecules
of water which, depending on the temperature, canéeliminated by changing the volume. Accessibilitgf
water on the bricks characteristic to heritage buitings can be determined by combining different
measurements such as porosity, water absorption uedlow pressure and water absorption by capillarity

Keywords — Absorption, accessibility of water, bricks, heiage buildings, porosity.

1.INTRODUCTION

Water action with different origins and shapes ragton construction elements is the origin of most
degradations in heritage buildings. The presenceatér is not considered a disease itself, althatughn be
considered as such. Water from different sourceses the degradation of a masonry making the walls
vulnerable to its action. First of all, the exterawatings are affected, next is the mortar andbtiek element
which may lead to a loss of structural strengthritdge buildings can be affected by humidity infeliént areas,
by different factors, such as vapor diffusion, foggropic humidity, water condensation, rainfallsface water,
infiltration water with diluted salts and soil hufitiy.

Water accessibility in the structure of a materefers mainly to the absorption of water by capija
usually due to material porosity. Porous materéatbs almost invariably permeable and water undemibay
forms it can penetrate the pores of the materidlanter its structure through them. Due to the gity®f bricks
characteristic to heritage buildings, water is absd spontaneously by capillary forces and oncerabes it
migrates freely under the same forces action. Rgrizsa fundamental property of brick which cafiuence its
durability. Many processes of alteration bring aoréase in porosity and so the water accessiliilgide the
material has more important values. Another impuarti@st to measure the water accessibility is byewa
absorption under low pressure. This test is importa characterize the intact material and, by meah
comparison, to assess the superficial modificatiohalterations that modify the water absorptionsatface
level. Water mainly penetrates into materials bgception and most damages are related with theepeesof
water. The objective was to apply these tests erbthildings materials in order to assess watersaduitity on
bricks from heritage buildings at a certain timeoider to be able to characterize them. Our printagrest is to
determine water accessibility in bricks characteri® heritage buildings like ,Saints Apostels Reand Pavel”
Cathedral in Constanta.

2. EXPERIMENT DESCRIPTION

The tests to determine accessibility of water hasen conducted on 10 unaltered samples, takentirem
heritage building structure. The samples do notlrieéhave a regular form but if it's possible ipieferred that
they do and also to have almost the same dimensisoally prisms of 4 cm or 5 cm section and atlerng 12
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cm or 15 cm, because they offer a better homogeheitween the samples, especially in terms of degfe
alteration, but their volume must be at least 25.cPhe samples to be tested have to be as homogeiasou
possible, so they were taken from the same ards&ahonument and were cut in a way that one fateeofube
is the same face as the one previously exposeiieon s

The samples were dried till constant mass in aite¢et! oven (60 + 5)°C according to RILEM laboré&er
recommendations [3] and then cooled to the ami@nperature in a dry environment. Constant maggg\is
reached when the difference between two succesaighing at a 24 hours interval is not greater t@d% of
the samples mass, determined with an accuracy 166.0After systematic weighing we concluded that the
constant mass Mg) was reached after 72 hours, and this is the that we considered as the reference time for
drying the samples for the tests.

Table. 1. Constant dry mass determination

Samples mass (g), at different intervals: Constant dry mass of the
Samples ' sample after 72 hours:
240re 48ore 720re 960re Mqg
1 1557,1 1546,8 1542,4 1542,4 15424
2 1584,5 1573,2 1567,8 1567,8 1567,8
3 1560,8 1550,7 1546,7 1546,7 1546,7
4 1563,5 1553,9 1549,1 1549,1 1549,1
5 1572,2 1561,4 1557,9 1557,9 1557,9
6 1559,6 1548,5 1543,1 1543,1 1543,1
7 1568,4 1556,9 1552,8 1552,8 1552,8
8 1565,1 1554,1 1549,2 1549,2 1549,2
9 15715 1561,3 1555,9 1555,9 1555,9
10 1578,4 1566,7 1563,2 1563,2 1563,2

After reaching dry constant mass, the samples plaeed in a vacuum vessel. The pressure in theelvess
was decreased gradually to 2.667 Pa (20 mm Hgk ptassure is maintained constant for 24 hoursnmve
the air contained in the pores of the samples.r/&tehours the vessel is slowly filled with watérla — 20 °C,
so that the samples will be completely immersedater in more than 15 minutes. The vacuum is maieth
during this process and for 24 hours after.

Fig. 1. Equipment used during the porosity test

After this, the samples are left under water fosthar 24 hours at atmospheric pressure and themaitee
weighted by hydrostatic weight MThe sample is then wiped with a damp cloth andéghted again in the
opened air (M). To make this measurement we have to use amimstit with an accuracy of 0.1%.
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Table. 2. Determination of masses;MVl,, Ms..

Samples| Dried mass M(g) | Hydrostatic mass M (g) | Open air mass M (g) | Porosity (%)
1 1542,4 949,9 1857,9 34,75
2 1567,8 974,3 1884,3 34,78
3 1546,7 955,2 1863,9 34,91
4 1549,1 956,4 1862,4 34,58
5 1557,9 965,1 1874,1 34,79
6 1543,1 950,9 1858,5 34,75
7 1552,8 962,3 1872,3 35,11
8 1549,2 954,7 1861,6 34,45
9 1555,9 963,9 1871,1 34,74
10 1563,2 970,1 1877,0 34,60

Accessibility of water within materials dependsoatm their ability to absorb water under low pressu
When a column of water is applied on a porous ratiépenetrates the material. The amount of wabeorbed
after a defined period of time is a characteristithat material. This test is used to measurejttantity of water
absorbed by a porous material under low pressueg afcertain period of time. Measuring the absonpof
water under low pressure is useful in experimdatadratory works and in situ:

- to characterize the intact material and in compari® assess the changes or alterations which ynodif
the absorption of water at the material surfacellev

- to analyze the effectiveness of the treatmentsnigrégnation or of the treatments that alters the
permeability of the surface (waterproofing, wagpellent products, etc);

- to characterize the effects of the climatic actionghe material surface;

- to determine the depth of the water repellent tneats.

The equipment is very simple and it exists in twonfs, depending on the position of the surfaceeto b
tested, vertical or horizontal. The instrument u®dhis test is a cylindrical tube that has adownd section of
5.7 cnf which is applied to the material. The verticaldi® graduated from 4 ¢rin the bottom part till 0 cfin
the upper part and each area is divided into wfi€s1 cni.

Fig. 2. Karsten tube characteristics

On the lower section of the tube mastic is appl@ednsure the tightness connection between theante
the surface material and then by pressing the ombe the surface tested the tube is fixed. By thgeu part of
the tube water is poured until it reaches the gatidn 0 cni and then you start registering the amount of water
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absorbed by the sample at different time intervBisadings will be made directly on the scale of tthtee at
different time intervals characteristic to the tygehe tested material: 2, 3, 5, 10, 15, 30 anthGutes.

Table. 3. Determination of water absorption under low pressu

Time (min) Amount of water absorbed (cm) on each sample

1 2 3 4 5 6 7 8 9 10
2 0,175| 0,210 0,300 0,325 0,250 0,380 0,190 019550 0,190
3 0,450| 0,515 0,710 0,750 0,625 0,760 0,425 04806800 0,475
5 0,675| 0,865 1,07% 1,076 0,975 1,570 0,550 0,[799251 0,660
10 1,150 1,590 1,800 1,700 1,650 1,650 1,200 1,/52(855| 1,240
15 1575| 2,350 2,450 2,225 2,300 2,510 1,525 2,380135| 1,600
30 2,125| 3,220 3,275 2,950 3,200 3,220 2,90 3/189(P60| 2,240
45 2,750 3,640 3,850 3,410 3,800 3,755 3,240 3/63%35| 3,210
60 3,450 3,700 3,625 3,755 3,620

Another test used to reveal the accessibility ofewén bricks is absorption of water by capillarifyo
reduce the absorption by the four lateral surfabestest is performed in a saturated atmospher@naat by
using a cap to cover the tray used for this testth@ bottom of a tray two glass rods were fixed.tle samples
is marked a 2 mm line in the bottom part that repnts the water level on the sample. The traylledfivith
water until the water level reaches the marked dine during the test the water cannot go bene#&Hetel (if
it's necessary to complete the amount of watearitloe done during the test).

A timer has to be used to monitor the time. Theamare placed in the water so that no air buldésr
the bottom of the samples. The tray is covered wittlastic cap so that the experiment is not imfbeel by any
heat source that will facilitate the evaporationthef water. The water level is measured on eatheofour sides
of the samples at certain intervals of time. Thegas are removed from the tray at due time, wipéd a
damp cloth and weighted and then the water lewelgasured on all four lateral sides. In the fiGndnutes the
samples are weighted more often, at short intemfalBne, after this initial period the samplesvibié weighted
every 1 hour till 6h and then each 24h. We musenlteswith great care when the water level reachesigh
rate and weight them often and carefully to deteenthe experimental capillarity coefficient.

3.RESULTS AND SIGNIFICANCES

Porosity accessible to water is expressed as @mage of bulk volume and it is calculated using th
following formula:

M 3 M 1 100 [0/0] where:
3~ Wy
M1 — mass of the dried sample;
M, — mass of the saturated sample with water undarura, weighted in water;

M3 — mass of the saturated sample with water undarura, weighted in the air.

Table. 4. Determination of porosity for each sample tested

Samples
1 2 3 4 5 6 7 8 9 10

Porosity (%) 34,75 | 34,78] 3491 34,58 34,79 34,J5 3511 34,45 7434, 34,60

The results can be expressed in an absorption df@p!t8. in which on the vertical axis is the volirof water
absorbed by the material in €mnd on the horizontal axis the time, in minutelse Bmount of water absorbed
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by each sample Mon unit surface area at the end of the time imtetvis calculated with the following
expression:

M o=m-M,
I S

where:

m; — the mass of the sample at the end of a timeviailt¢ [g];
M, — mass of the dried sample at the beginning ofekg[g];
S — the surface of the sample in contact with taeenjcnd].

Water absorption by low pressure

4,5
4
/ =—t—scmplel
3,5 —
> / —l—szmple 2
3 - 4 ——sample 3
2,5 / =—=—scmple 4

—e—sample 5
=@—=szmple &

Water absorption [g/cmA2]

1.5 sample 7
1 semple 8
sample 3
0,5
sample 10

775 9,49 12,25 17,32 21,21 30,00 38,73 42,43

Fig. 3. Water absorption by low pressure results

With the results registered we can constitute t@llarity absorption curve that expresses the arhot
water absorbed per unit area according to the squat of the time. This curve shows in generahéial linear
portion and then tends asymptotically to a maximammount absorbed. The capillarity absorption cokffic

corresponds to the slope of the initial section eaml be expressed in g[@:m_2 E’s_o's].

Capillarity resulits

20,00 8
_.—cf.*‘—‘—. g
15,00 6z
a ZE
T = =
- | < =2
élO,CO 4 E
= =
= -
=1 o
) =
5,00 —e—~Capillary ahsorption -2 =
/ —e—~Capillary water ascension
0,00 0
Q b ™5 5 O 0 A A 5 O
QY AV Y BT YO AT O Ly AN b
RS AN A P

Time (s1'2)

Fig. 4. Capillarity absorption
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4. CONCLUSIONS

During the research were conducted laboratory testharacterize the material specific to the tasise
structure of the cathedral in Constanta in termwater accessibility because water is one of thetimeportant
factors that can lead to deterioration of the moaiim

The porosity tests showed an average of 34.75%va@he obtained is quite high but very close td tifa
the existing masonry mortar which leads to a bedrayi the masonry as a homogeneous material, stilsieef
penetrate easily into the material.

The capacity of a material to absorb water insiglstructure was also assessed by water absogitiow
pressure. This test simulates what happens witlmeof water entering the material forced by winegsure or
capillarity suction. Test results show that ha# gamples have absorbed £@hwater in about 50 minutes and
the other half in a little bit over one hour. So ean say that the material has a pretty good captaxiabsorb
water at low pressure in a relatively short timenparable with the time needed for a mortar to dbHoe same
amount of water and this is why it's surface widMe to be very well protected.

Water absorption coefficient by capillarity is expeentally determined and has a value of 0.110

-2 405

kg™ [s . The values presented in Fig. 4. are average valiater absorption by capillarity is an
important element for the characterization of asatarated porous medium in which the water andaxist. It

is found that the dimension of the pores makegpgifgiant difference. Water ascension in the materhalyzed
is performed in two phases — in the first phadester and this can be seen in the data recordendine tests
when the water enters the free pores and thensecand phase, water will dislodge the existingfraim the
pores and the increasing of the mass will be slpaethat the constant mass of the sample satunatedvater

is reached in 144 hours.

In the future we want to continue our research ufi@en materials characteristic to this monument and
extend the research also on the mortar. One dirithEmain objectives of this study consists inaeenending
interventions measures that will not affect theiinal structure of these materials — surface treatsn and that
will help protect them from water actions. Becatls® monument that is considered has an importaiitage
value, the study aims to propose an maintenancevpltach will contain also the repeating of thesstdeafter
certain intervals of time in order to assess tlwessibility of water during time and to verify tarability of the
treatments applied in order to be able to actnetif deficiencies are encountered.
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Water — a key factor in heritage buildings chromatcs

Bucur Dan Pericleanu, Mihaeladgoi

Abstract — In south — east of Romania, the annual days witbrecipitation totals in general between 40
— 70 days per year. This leads to the idea that 4070 days annually the heritage buildings are in atate of
nonstructural degradation. Water coming from rainfall is contributing to the nonstructural degradation
of heritage buildings by affecting the visual appeance, by modifying the chromatics of the exterior
constitutive materials. The study is trying to showhow water, in different percentages, is a key faot in
chromatic changing of heritage buildings, affectingheir color saturation and hue.

Keywords — Brick, chrome, heritage buildings, water.

1.INTRODUCTION

Heritage buildings in Romania are defined as imrbtev/goroperty of the Romanian state, situated in the
country or abroad, significant for the national amrnational history, culture and civilizationhd& protection
of these buildings is represented by all scientifieasures designed to ensure the identificatiosgareh,
inventory, classification, tracking and puttingrheto value.

Is a well known fact that water, especially the tme is coming from rainfall, leads to a nonstasat and
also a structural degradation in heritage buildit@se of the most common nonstructural degradatéused by
water is the degradation of the visual and chramasipect of these monuments. Rainfall water, inamtrwith
the constituent materials of the buildings, leadlshteir exterior chromatic change, usually by cigstheir
original color.

Normally, in Romania, the precipitations are moteegnd fall with amounts of water ranging from 400
year in Danube Delta to 1400 | / year in the momstarea. The average annual rainfall throughoaicthuntry
is 637 | / year. Despite the fact that Dobrogeaaliginas the lowest amounts of precipitations dytime year, at
Letea rainfall station in 1926 fell 600 | /°mA statistic shows that the maximum annual nundfedays with
precipitation totals from 100 — 140 in mountainsea, from 60 — 100 in hilly areas and from 40 -n7the plain
areas. Normally, the largest amounts of precigitathn Romania fall in May and June, when the atrhesig
circulation and weather conditions allow rapid depenent of the vertical cloud formations. Accorditiythe
National Institute of Statistics, between 1901 -020the average rainfall in June has exceeded [76¢1 in
several areas of the country and reached 140r#°lih the mountains area (Omu). Most precipitatioal$ if
Romania from December to June. In the very rairrgiethe maximum number of rainy days per montalgot
between 14 — 30 days in the mountains areas, ffom 25 in the hilly areas and 14 — 20 in the pkieas,
which means that in the mountains, were registpezbds when it rained for a month almost every. diayhis
study we aim to demonstrate how the water leadshtmges in initial chromatic of bricks charactécisb
heritage buildings and produces a characteristisstnoctural degradation regarding the visual aspetttey are
used at the facade.

The color of a brick is influenced by the chemicahtent of minerals of the constituent material,thogy
combustion temperature and furnace atmosphereexample, the pink brick has a higher content afi,ithe
white one and the yellow one has a higher contéfitne. As temperature increase in the furnace, trbasks
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burn in shades of red (light red to dark red), prgnd even brown. Calcium silicate bricks haveidewrange
of shades and colors, depending on the coloramd. (Bometimes a specific color or shade of thekbriay
reflect their origin, such as London bricks or sipecific one called “The white brick of Cambridgesh

2. EXPERIMENT DESCRIPTION

The bricks samples for this study were from Dobeogeea, from the ,Saints Apostels Petru and Pavel”
Cathedral in Constanta, where a total of six sasmplere taken and the tests were conducted onlhefiates
exposed in situ. The chromatic characterizatiothefbricks is made in a quantitative manner bygisispectro-
colorimeter. The equipment and principles of metiogy adopted in this study are based on the 186dsird -
ISO 11664-4:2008 — which specifies the method dfutating the coordinates of the CIE 1976 L*a*b*lao
space including correlations of lightness, chromd hue. It includes two methods for calculating IEigan
distances in this space to represent the percenaggphitude of color differences. ISO 11664-4:2008gplicable
to tristimulus values calculated using color-matghfunctions of the CIE 1931 standard colorimesgistem or
the CIE 1964 standard colorimetric system. ISO 41462008 may be used for the specification of cetonuli
perceived as belonging to a reflecting or transngjtobject, where a three-dimensional space moiferamthan
tristimulus space is required. It does not applgdtor stimuli perceived as belonging to an ared #ppears to
be emitting light as a primary light source, ortthapears to be specularly reflecting such ligBO 111664-
4:2008 does apply to self-luminous displays, likthode ray tubes, if they are being used to siraukftecting
or transmitting objects and if the stimuli are agpiately normalized. The methods established ig standard
are designed for monochromatic surfaces, so itweagssary to adapt, especially in terms of arezrved for
measuring the number of readings taken at eachndietztion.

L=100 White
L*

Fig. 1. CIELAB System

The color determination was achieved using therohtiity coordinates of the reference color sys@ia
1931, in the uniform chromatic space CIE 1976. €bler was determined using CIELAB system deterngnin
the chromatic coordinates,la and b. In this system, the color stimulation is repreedrin a three-dimensional
space in which the vertical axis 0-Z coordinateaswges the lightness L ranging from 0 which sigsifihe
darkness and 100 which signifies the lightnessvtrations of the colors are obtained in X-Y plaibaus, in
the X-Y plane are represented the coordinates:domate a — that measures the position on the greed axis
and the coordinate b — that measures the variatinribe blue — yellow axis. In quantifying the aolee used a
colorimeter with a light source that emits radiatio the spectrum used and a spectrophotometeraiyze and
measures the light reflected from the surface desWwe used a CANGGUA NG WSD-3A Tristimulus
colorimeter model with a measuring window of 2 crangeter and the ability to automatically store datal
processing results.
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Fig. 2. Equipment used during the test

Selection of the light used to quantify the colban object must be in accordance with the typeheflight
the object will be observed. Light source used setsat D65 brightness because it represents ble&eunlight
and the values were obtained using a standard \@rsgositioned at 10 degrees from a horizontahgld he
samples used are not homogeneous from the colot pbiview and because of this a number of readinge
made on different parts of the same surface by hvinie could determine the color of the surface, gisin
average of the readings.

Although average values cannot illustrate the clatisraspects of a heterogeneous material surfaeset
values allow an evaluation and a rapid comparisstwéen two different surfaces. Therefore, colaleation
of a surface material is done by measuring thercobmrdinates 1, a and b of the CIELAB system and
complementary to the chromatic values it can berdghed:

- color saturation or chrome —{Cthat represents the resultant of the color coraptncoordinates a

and b;
C,p = Va2 +b2 )
- the hue angle — Hgthat can take values betweetadd 366;
H ab - arctg(b/ a) @)

It can also determine the color differences ofahalyzed samples towards a color taking as a refereolor.
- color differenceAE,, represents the geometrical distance between thlespmnding points with the
coordinates L &, by, and respectively L &, b, corresponding to analyzed sample 1 and reference
sample 2.

AE,, = \/ (AL)2 + (pa)2 + (Ab)ZJ 3)

- total color differenceAE,, it can be decomposed into components that higtsligie difference in
lightness, the difference of chrome and the huiedihce.

AE,, = \/ (AL)2 + (Acab)2 +(AH ab)ZJ @
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In the first phase, the coordinates of the colorsal, b’ were determined on three samples, previously dnigitl
constant mass in an ventilated oven. On each sampte selected three positions and in each posdion
minimum of two readings were made. These samples vansidered the reference samples during the.stud

Table. 1.Color coordinates determination

Sample Mass Area Readings L* a* b*
1 59,49 14,09 24,69
pos 1 2 59,49 14,02 24,70
3 59,48 13,79 24,17
brick C1 578,009 poS 2 1 59,53 13,73 24,13
2 59,53 14,33 24,14
pos 3 1 59,60 14,18 23,44
2 59,60 14,04 23,50
1 56,13 15,87 27,12
pos 1 2 56,14 15,81 27,15
3 56,12 15,79 27,09
brick C2 665,309 poS 2 1 55,89 16,24 28,12
2 55,89 16,16 28,14
pos 3 1 56,13 16,00 28,09
2 56,13 15,98 28,11
pos 1 1 57,36 15,12 26,09
2 57,38 15,23 26,07
. 1 57,27 15,01 26,21
brick C3 605,249 | pos?2 5 5727 1511 26.24
pos 3 1 57,29 15,21 25,43
2 57,30 15,32 25,48

After testing the reference samples it was possibetermine also the maximum percentage of vihggr
can be absorbed by these samples. From the siglesitaken, three of them were used for the pordsit
during which we could determine the dried masshefdample, the saturated mass of the sample bystatic
weighing and at atmospheric pressure. The averhtie gesults was used to determine the averagepmge
of water that can exist in these samples.

On the three previous dried tested samples it ywpbeal by brushing a quantity of water that equ#l%o of the
average percentage of water and then it was detethaigain the color coordinates & and b.

Table. 2. Determination of color coordinates and saturatrthe samples with 10% water content

Sample Mass Area Readings L* a* b*

1 49,27 23,59 27,85

pos 1 2 49,27 23,40 28,85

3 49,29 23,26 28,22

brick C110% 589,799 05 2 1 49,27 23,49 27,72
P 2 49,33 23,25 28,10

pos 3 1 47,88 24,31 28,66

2 47,94 24,16 28,62

brick C21°% 678,879 1 45,45 25,25 28,67
pos 1 2 45,53 25,18 28,31

3 4557 25,2 28,29

pos 2 1 44,32 25,28 28,7

2 44,27 25,34 27,66
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0s 3 1 44,60 25,51 28,53

P 2 44,52 25,49 27,47

o0s 1 1 44,42 24,12 27,96

P 2 44,44 24,18 28,04

. 10% 1 44,45 24,18 28,03
brick C3 617,599 pos 2 5 45.05 23.88 27.53
0s 3 1 44,41 24,17 28,07

P 2 44,46 24,16 28,14

Using the same samples, also by brushing it wabeaba quantity of water that equals 20% of therage
percentage of water and we determined the coladauates L, a, b again.

Table. 3. Determination of color coordinates and saturatrthe samples with 20% water content

Sample Mass Area Readings L* a* b*
pos 1 1 44,16 24,77 28,87
2 44,07 24,83 28,21
. 20% 1 44,52 24,06 28,52
brick C1 692,479 pos 2 5 44.49 24.13 28.49
pos 3 1 45,34 24,75 28,49
2 44,34 24,82 27,53
pos 1 1 42,60 25,63 28,67
2 42,61 25,58 28,84
. 20% 1 41,68 25,93 28,71
brick C2 665,30g | POS2 2 41,75 25,91 28,61
pos 3 1 43,04 25,83 28,11
2 43,08 25,66 28,26
pos 1 1 45,81 25,17 29,20
2 45,81 25,22 29,28
. 20% 1 41,27 26,02 29,94
brick C3 629,949 pos 2 5 41.28 26.93 29.01
pos 3 1 44,34 26,67 29,52
2 44,34 26,64 29,60

3.RESULTS AND SIGNIFICANCES

From the readings made resulted the color satmratioe angle and chrome difference presented in the
table below, the differences between these charstite being represented in the graph Fig. 3.

Table. 4.Color coordinates determination and saturatioriiersamples with 20% water content

Sample Go* H .* AE "

brick C1 27,89 1,04

brick C2 31,96 1,04

brick C3 30,03 1,04
brick c110% 36,86 0,87 14,93
brick C210% 37,92 0,84 14,97
brick C310% 36,92 0,86 15,72
brick C1%%% 37,51 0,85 18,85
brick C2%0% 38,44 0,83 16,77
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f 20%
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Fig. 3. a) lightness difference, b) hue ardifference, c) chrome differenc

b T R R e e B ) Wi e R Ut e G e ]
Fig. 4. a) chromatic of the dried sample, b) chromatithef sample with 10% water,
¢) chromatic of the sample with 20% water.

4. CONCLUSIONS

The number of mediations conducted depends onutiace that needs to be characterized and its color
homogeneity, but also on the objectives that thdiaten has. From the readings made, we can coadiat
the samples used don't have a homogeneous colowégould characterize the color of the materghg an
average of the readings. Although the average sataanot illustrate the chromatic aspects of a nieteith a
heterogeneous surface, they do allow an evaluaiah a rapid comparison between two different sedac
Considering the weather statistics we can saytkigatvater coming from rainfall has the tendencgégrade in
a nonstructural way the brick facade of the heethgildings, by changing the initial chromatics.

5. ACKNOWLEDGMENTS

The authors would like to thank professors: FernaBrhnco, Jodo Gomes Ferreira, Ana Paula Pinto and
Gramescu Ana Maria.

6. REFERENCES

[1] Evaluation of performance of surface treatmentstifier conservation of historic brick masonry — P obiten

and conservation of the European cultural heritaBesearch report no. 7, ISSN 1018-5593, Officeofticial
Publications of the European Communities,1998

[2] Costa, Jose Manuel Aguiar Portela da, Cor eadedistorica: estudos cromaticos e conservagdo do
patrimonio, Porto 2002, ISBN 972-9483-47-7

[3] http://meteoplus.antena3.ro/meteo-stiri/studiu-

[4] http://www.cs.ubbcluj.ro/~per/C9%20Pi/Prel_Im@&€9.pdf




Ovidius University Annals Series: Civil Engineerjigsue14, October 2012

The effect of mooring lines on vessels oscillatigperiod

Mirela Popa, Radu George Joavin

Abstract — A harbor is a sheltered part of a body of watedeep enough to provide anchorage and
refuge for ships and a place where commercial or ber activities can develop. Is of great importancéor
the moored vessels to evaluate the oscillation ped - depending on vessel displacement, number, typed
position of the mooring lines. The resonance betweethe natural oscillation of the vessel in cargo or
bunkering operations and the waves, stationary or ot, with unexpected and high surge displacement, na
lead to pollution or even greater accidents if cheioal or LPG — LNG operations are involved.

The purpose of the present paper is to evaluate thehanges in surge natural oscillations period of
moored vessels for different scenarios.

Keywords — line tension, mooring lines, length lines, natal surge period, ship mass

1. INTRODUCTION ABOUT MOORING VESSELS

Ships respond to external actions with motionsiaixial translations and spins.

() Pitn

Heave

Surge Sway
Fig 1 Definition of vessel motions

Safety admissible values of translations and sgieggend on ship’s type and characteristics (equipmen
type etc). For example, recommended gas tankege $siabout 2m, sway 2m, heave 1m, yaw, roll atchf;
for oil tankers, surge is about 3m, sway 3m, heawe yaw, roll and pitch 2 for bulk carriers with crane
equipment surge is about 2m, sway 1m, heave 1m,2avoll 2° and pitch 2 and for the same vessels with
conveyor belt loading equipment surge is aboutSmay 2,5m, heave 1m, yaw, 8oll 2° and pitch 2 [2].

The mooring purpose is to hold a ship safely alategs berth, dock or other ship for operations sagh
loading and discharging, maintenance and repaihgage or lay up (ships in an inactive status).
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Fig. 2 Mooring operations in Kobenhavn port

The most used mooring pattern is presented in3ig.
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BOW LINES SPPRING LINES BREST LINES STERN LINES

Fig. 3 Mooring pattern

Anyway, this is not the only one. There are manyrimg configurations, depending on the berth anpssbize,
shape, equipment and requirements. For examplene of New Zeeland harbours, for space econonspnsa
the position of springs is changed with the onthefstern and bow lines.
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Fig. 4 Modified mooring pattern

Environmental forces acting on the ship produeentimoring load.

a. Diffraction at a harbor entrance. The main process affecting wave conditions in smaitbors is wave
diffraction in the two main types: wave diffractipast the breakwater head (for one long breakwatet)wave
diffraction through a relatively small harbor emita between breakwaters.

The wave orientations and heights are significamaltgred when waves propagate past the end of a
breakwater, the wave crests spreading into thecshadne of the breakwater.

b. Harbor oscillations are initiated by forcing through the harbor enteand are long-period standing
wave oscillations with typical periods between 80 and 10 min [5], with vertical motions generapall, but
with horizontal motions that can be large. The basie, shape, and depth determine the waves pemaméhe
phenomenon, referred as surging or seiching, cdaci harbor resonance when the period coincides avit
natural resonant period of the harbor.

The design-mooring load is derived from an alganitthat sums the combined forces of wind and current
loads acting in the direction that produces thédéd possible force against the ship structureipgghe ship in
the direction away from the pier. The design-mogtoad remains constant throughout the life ofshig.

For dynamical point of view a vessel moored is nedleas an oscillating single dynamic degree of
freedom linear system with longitudinal movemestirge. The natural period of surge movement isiternal
characteristic of the vessel, giving informatiogaeding the amplification of the ship’s responsedrsonance
with an oscillatory phenomenon. The natural pei®dlependent on stiffness at the surge movemeheof
oscillating system formed by the ship rope-line regied to the jetty. Evaluation of the stiffnessnpes the
horizontal displacement calculation, dependinghenrhooring load component on the same direction.

c
— m =
: —'<—> —
NV e
k

Fig. 5 Single freedom degree dynamic system

2. NATURAL SURGE PERIOD CALCULATION

As per each single dynamic degree of freedom meclagystem, angular frequency in absence of the
dumping (which can be neglected in this particokse) is defined as:
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w=\/E 1)
m

and the time interval required for a complete fwseillation, named natural period is:

_2m_ m
_;_ZH\E @

m - is the virtual mass of the vessel (ship’s disptaent + 15% due to the inertial effects of theaewatoved by
her)
k - the effective elastic constant deduced onlyftbe stiffness of stretched lines)K5]:

k=" kqsin(g,)cod¢n) 3)

0n — horizontal angle between the line direction thedperpendicular on the vessel hull;

¥ - vertical angle between the line direction arel plerpendicular on the vessel deck;

k, - individual stiffness of the stretched line definad the ratio between the axial stress of the éind
elongation (in numerical simulations realized wiite CEDAS the axial stress was considered to baleéguhe
traction in bollard, estimated in compliance witle recommendations from the literature, accordiripé¢ vessel
displacement).

The elastic behavior of the line is very compleX.fiber line initially loaded to around 50% or mooé
mean breaking load will not return to its origitehgth when unloaded. Under cyclic loading, faldeéormation
relation will take a stable hysteretic loop witlethelatively predictable elastic properties. TherefYoung's
modulus cannot be accurately defined. For exanipldon line exhibits stiffer behavior under cyclieading,
and greater elongation at a given load when wet tlig. The dynamic load elongation behavior oonyline is
dependent upon the initial tension and its magmitudrelation to the line’s ultimate strength” [2]sually, the
producers provide experimental curves, where thexip deformation, expressed as a percentagejveng
according to the load (expressed as percentagetfrerwapable axial stress).

Based on these considerations in CEDAS software edpngation is evaluated a@d = e and percent
elongation is obtained from charts provided by nfiacturers, according percents of axial loading [5].

ol

Assuming a linear behavior, given that the elorgets defined\ = , it follows that rope stiffness can

be expressed according to its intrinsic charadtesidength and axial stiffneds, = EI—A

3. CASE STUDY

Behavior of three different types of vessels ofediént size was studied: a chemical tanker Tranerklah,
a gas carrier Trans Catalonia and a OBO vesseldiama

Table 1
Ship Stern line Spring line Bow line GRT (tone
A 2x30m
AL Trans Emerald 2x30m 2x35m 2x30m 5815
B Trans Catalonia 3x40m 2x40m 3x40m 13005
C Banastar 4x60m 4x40m 4x60m 38889

The module ,Surging of a moored vessel” implemenme@EDAS software was used.
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As input, line tension, ship mass, percent elongatbreaking strength, distance between deck anH, do
angle of line to perpendicular breast line, linegéh and number of the lines are required.

The following cases of natural surge period depand were studied:

a) draft variation during the loading operationsfor ships A and B (2 respective 3m), for constaaitigs
of line tension 250kN and percent elongation 8(gPfps with auto-mooring system)

Table 2
Ship A Ship B

D draft% D draftm Ship’s weight (t)) T surge ($)D draft (m) | Ship’s weight ()T surge (s)
0% Fully loaded ship O 8650 37.78 0 19715 57.17

20% -0.4 8083 36.53 0.6 18373 55.19
40% -0.8 7516 35.24 1.2 17031 53.16
60% -1.2 6949 33.90 1.8 15689 51.05
80% -1.6 6382 32.50 24 14347 48.84
100% Ship in ballast -2 5815 31.04 3 13005 46.54

In the next step was considered that if the limsitn varies with ship displacement. the elongasioould
also change. In the linear elastic behavior of lthe, elongation is determined according to ax@d and
tensille stiffness

E:Al A':llﬁgzﬁ (4)
I EA EA
The value of tensile stiffness for line of the shipis EA=2045 kN, and for the ships B and C is

EA=4090kN. The results for these case studieswarerarized in Tab. 3 and plotted in Fig. 6

Table 3
D draft% 0% 20% 40% 60% 80% 1009
Ship’s weight (t) 8650 8083 7516 6949 6382 5815
Ship A Traction in bollard (kN) 273 262 250 239 227 216
Elongation (%) for EA=2045 kN 13.3 12.8 12.2 11.7 11.1 10.6
T surge A (s) 44.7 43.3 41.7 40.2 38.5 36.8
Ship’s weight (t) 19715 18373 17031 1568P 14347 0530
Ship B Traction in bollard (kN) 591.45 551.19 510.98 470.6 430.41 390.15
Elongation (%) for EA=4090 kN  14.5 13.5 12.5 11.5 10.5 9.5
T surge B (s) 47.9 46.3 44.57 42.77 40.9 38.91
Ship’s weight (t) 72562 65827 59093 52358 45624 8388
Ship C Traction in bollard (kN) 890 863 836 809 771 726
Elongation (%) for EA=4090kN  21.8 21.1 20.4 19.8 18.9 17.8
T surge C (s) 84.72 80.63 76.35 72.08 67.34 62.25
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—é—T surge C (s)

Fig. 6

It is observed a negative variation of 18 -18.5%rrgsponding for loaded ship and respectively balla

ship) in the value of the surge period for vesséilh auto-mooring system and also higher and quigkeiation
(showed in the graphic angle) reported to the drafiation of the ship’s C surge period — 36% eamparison

with A and B ships— 21.4% respective 22.8%

b) evaluation of the natural surge period behaviour incase of the line breakingFull loaded and ballast

condition were studied for ship A and ship C.

Table 4
T surge (s) in case of one broken line T suryéofsnormal mooring

broken bow line 48.86

Ship A loaded | broken stern line 48.88 447
broken spring line 49.17
broken bow line 40.27

Ship A ballast | broken stern line 40.31 36.8
broken spring line 40.55
broken bow line 87.83

Ship C loaded | broken stern line 87.83 84.72
broken spring line 89.83
broken bow line 64.53

Ship C ballast | broken stern line 64.54 62.25
broken spring line 66.00

There are small diferences between lines and sjmiegking for the ship A (9.3-10%), as long asghip C
(Panamax size) the diference is noticeble (3.6-8%8p a breaking line on vessel C has less effaci-cout this
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is normal as long as the number of ropes is differeoresponding with the ship’s size. The variat® almost
the same for loaded and ballast conditions.

c) increase of the length of one of the shiplsowline for ship A for loaded and ballast state and theatian
of the bow line and spring line for ship A in bali@ondition.
Increased values of natural surge period have tEgorted to the value obtained for the line leagth Tab. 1

Table 5
Ballast ship Loaded ship
Length T surge (s) T surge (S)
increasing of Length increasing lenght | Increasing increasing lenght | Increasing
one bow line | variation [%] BOW T surge BOW Tsurge
31 3.33% 37.05 0.68% 44.9 0.45%
32 6.67% 37.23 1.17% 45.16 1.03%
33 10.00% 37.4 1.63% 45.37 1.50%
34 13.33% 37.5 1.90% 45.58 1.97%
35 16.67% 37.7 2.45% 45.77 2.39%
36 20.00% 37.9 2.99% 45.96 2.82%
39 30.00% 38.3 4.08% 46.47 3.96%
40 33.33% 38.4 4.35% 46.63 4.32%
45 50.00% 39.0 5.98% 47.34 5.91%
60 100.00% 40.2 9.24% 48.85 9.28%

The variation of T increase slowly up to aprox 8#double length of the line. Even if T surgerisreasing
from ballast state to loaded state with 21 - 223é,rhodification with the line length is almost $eme for both
scenarios. Also length variation of the line iefice T a little more then spring length variation.

Table 6
Ship A ballast Ship Al ballast Ship Al ballast
Length increasing BOW line increasing BOW line increasing SPRING line
increasing off T surge (s) | Increasing T| T surge (s) | Increasing T| T surge (s) | Increasing T

line (%) modified surge modified surge modified surge
3.33% 37.05 0.68% 37.94 0.56% 37.92 0.32%
6.67% 37.23 1.17% 38.14 1.09% 38.10 0.79%
10.00% 37.4 1.63% 38.33 1.59% 38.28 1.27%
13.33% 37.5 1.90% 38.51 2.07% 38.45 1.72%
16.67% 37.7 2.45% 38.68 2.52% 38.54 1.96%
20.00% 37.9 2.99% 38.85 2.97% 38.75 2.51%
30.00% 38.3 4.08% 39.31 4.19% 39.17 3.62%
33.33% 38.4 4.35% 39.45 4.56% 39.30 3.97%
50.00% 39 5.98% 40.08 6.23% 39.87 5.48%
100.00% 40.2 9.24% 41.44 9.83% 41.08 8.68%
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Fig. 7

d) modification of the horizontal angle between the line direction and the perpendicufathe vessel
hull. Changing of the angle was studied for battirgy and bow line was compared with the valuegmgiby the
common situation (bow and stern orientation of @Ad spring orientation of 8and also with the situation
when one line (bow or spring) is acting like breast

Table 7

horizontal angle
between the lin

Ship Al ballast -modified horizontal angle
BOW line

d@Bhip Al ballast -modified horizontal angle f

SPRING line

direction and thg

Changes of T

Changes of T sur

Changes of T

Changes of T

ship’s longitudina| T surge surge - . refe'rgnce.valyu&r surge (s)surge —referenc surge ~ ref(_ar_enc
; (s) reference valug for original line’s _ value for original

axis _ . . value=90deq ., . .
=90 deg orientation line’s orientation

90 37.07 -1.07% 37.45 -0.05%

110, 7Q 37.47 1.08% 0.00% 37.81 0.96% 0.91%

130, 60 38.72 4.45% 3.34% 38.98 4.09% 4.03%

150, 30 40.9 10.33% 9.15% 40.78 8.89% 8.83%
170,10 44.15 19.10% 17.83% 43.5] 16.18% 16.12%

As the Table 7 shows, the % changes in surge peridges are double then in the case of line length
modification. It leads to the conclusion that tisishe most efficient way to change the moored gkifod.
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4. CONCLUSIONS

If resonant characteristic periods of moored vesdall into the same range of periods as harbor
oscillations, dangerous mooring conditions canreated.

Ships in ballast are sensitive on waves with lopesiods then loaded ships where surge period isesea

Also small ships surge period is lower that biggees.

Generally, distance between bollards is 15-25ncaft be seen that the angle variation induces aehigh
difference in surge period. Obvious, the changmgrie line position on a different bollard will alsumulate
the effect of length variation.

When resonant oscillations appear in the harboinpake authors recommend the changing of lines
position as long as spring lines should be alwaygension and more difficult to change. Also théeef of
changing the lines is slightly better that for ags.

In the unfortunate case of broken line not onlyrdeonnecting of a new line should be taken intmaot
but also the changing of the bollard where this tiewis fastened.

Knowing of the surge period of the vessel togbethith the evaluation of harbor oscillations alltive
crew to take a optimal decision regarding the mmapri

Fastening a line one bollard more forward or mdtean make the difference between a safe bertbing
the unpleasant situation of broken mooring linesaygs of loading and discharging operations or ela@nage of
port facilities or of the vessel.
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Issues related to the Adapting of Variable Operatig Regime
Pumping Plants by the use of Variable Speed Drives

Daniel Toma

Abstract — This paper describes some issues related to thepportunities for upgrading and
modernizing a boost pumping station (“hydrophore”) that is serving a district with high-rise apartment
blocks. A topic of the discussion is focused on thmplementation of variable speed pumps, by ensurina
control system based on static frequency convertersThe final goals of such systems is to provide a
continous correlation between the consumers’ varidb demands and the pumping’s efficiency.

Keywords — boost pump, power consumption efficiency, statirequency converters, variable speed

1.INTRODUCTION

The pumps that operate on pressurized water nesw(irnsport, distribution) are important power
consumers. Hence, there is need to adapt theiratipgrregime to the actual variable water demahe (t
consumers’ water need). Thus, if the annual avecagts are decreased to a minimum, the globaliefiiy of
the water service will be increased. Considering, tin many cases there is need to modernize thethpumps
by means of which high-rise apartment blocks amplked with water. In order to optimize the efficty of
pumps there is need to take measures on two airscti

- upgrading the pumping plants — that is, implenmgnadequate measures in order to soundly corrtiate
pumping capacities and the functional charactesstiith the new demands of consumers;

- modernizing the equipment — this means the needeach those technical performances that are
comparable to those reached at a worldwide scafeféally in reference to power consumption).

During the last two decades, in order to ensurereetation to the consumers’ needs, the use ofilli
speed pump motors became frequent. Such variabledsg provided by means of static frequency cdexver
(rated for adequate powers). This control systembzaefficient only if the subsequent power savifaigained
on a normed time of pump operating) will coverestst the costs of such pump driving systems. Thbaddor
adapting the pump’s operation regime to the conssintiemand (by a discontinous operating regime re o
pump or by variable speed motor) has to be estadi®n basis of the ,global average efficiencytéaand
also by taking into account the specific power comgtion.
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2. THEORETICAL ASPECTS

Within the pumping systems that are fitted on watetivorks such a regulation can be obtained byingry
the speed of the pump’s rotor [1]. In order to agkithis there is need to adopt adjustable eledties, that is
variable speed controls for asynchronous motoris iStprovided by static frequency converters.

When the pump rotor’s speed is varying the pumpeslicharacteristitH~Q)s, will change. Therefore the
total pumping head may match exactly to the waddwark’s characteristiH~Q)r.

When the pump’s speed is decreasing the pump’sactaistic will be modified in compliance to the
transposition laws. The next elements will be otgdiin plan(Q,H) (seeFig. 1) [2]:

» a family of parallel load curves, of which ordimaget lower when sped gets lower. The load curaas ¢
be analytically expressed by a parabolic functibn (

H = Abnz + AinQ+ A2Q2 (1)
» an efficiency isolines network, representing palalacs that pass through origin, and on which are

located the operating regimes obtained with theesafficiency, at different speeds. These iso-lihese a
quadratic form (2):

H =k,Q? @)

wherek,, is a parameter determined by val{€ ,H,) which are typical for a regime that, on a loadveur
corresponding to speey, is achieved at indicated efficiengy

H, _H
K, =x=Ho 3)
Q¢ Q

XN
o N

Conducta refulare

Oy

Qc/ QeQco\Qee Qo

Fig. 1. Adapting a pump to variable working regimes usiagable speed drives

In order to provide a normal working condition ke tpump, the minimum flow that this pump can previd
is Qc (seeFig. 1). The total pumping heal¢ under which aQ. is to be supplied is corresponding to the
network characteristi€(H~Q)z. The pump’s efficiency, in such an operating regjimorresponds to thiec
parameter iso-line, this being given by equation (4
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kr]C = ig (4)
Q

The valuek,c is computed on the efficiency characterigiieQ)e:
7y =R, +RQ+R,Q’ ®)

That corresponds to a flo@c,, provided by normal speed within the similar working regime — located on the
same iso-line, at the intersection of this one whihload characterist{ti~Q)s atn,.

Taking into account the issues described aboveydhees that are defining the operational regimettie
system made by pump and network are resultingsmdution of system (6) that includes the equatid)sand
(2) with k,x= k,c from (4):

HCO = A)n(f + A.LnoQCo + AZQéo (6)
H Co = k/]CQéo

The resulting flow is given by (7):

—An, +\/(— An, —4/\)'15('% ‘HgJ

Qu, = i c (M
1~-&)
which will correspond to the efficiency resultedrfr (8):
N5 =0s" = Ry + RQq, + RQS, €

A frequently used solution for adapting pumps toialde network needs is to provide a discontinous
operation of pumps and, in the same time, by cosgtérg flows by using a tank fitted with a compesbsir
cushion (,hydrophore”). In order to maintain thadd (in the network’s origin) within the limits of thdomain
into which the pre-set distribution quality is eresili when efficiency is high, and also to compengathen
pumps work intermittently) the gap between theitivdeed flows and the newtork demanded flow, the
hydrophore has to allow the creation of a wateviseable volumé/,.

b

0

Fig. 2. Hydrophore: pump operating domain with an efbsel to max. effijpm
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Such volume must be between the minimum level ésmonding to the pressure needed for
maintaining the minim load demanded by the netwbigf), and a maximum level which is accepted on basis of
power consumption points of view, which ensureghiwithe network’s origin, the maximum load consete
the upper limit for the recommended operating donfidj, = H,+ 4H) (seeFig. 2) [3].

The serviceable volum¥, is determined from a condition that says thatgcamparison to the pump’s
average flonQym (at discontinous operating on the recommenéted, Hw)):

_2Q(H,) +Q(H,)Q(H,)+Q(H, )
Q, =2l 2 S Q) Ol ) ©

the duration of filling cycleT,, between two consecutive pump start-ups must leaat equal with a minimum
admissible timd, imposed by the parameters of the electric drigygtem:

V > meTc , Tc ZTe (10)
! 4
If the hydrophore’s functioning is assimilated toiao-thermal process, the minimum air volume ¢ege
at maximum pressure) results from:

vr =y, H,+10 (12)
AH
thus:
VH :V0 +Vu 1+M (12)
AH

The reliability of a system adopted for pumps’ aéte regimes can be objectively assessed by dgfthim
pumping’s specific power consumption, for a pertbdt has to be significant for the user, respebtivey
evaluating the pumping plant’s global efficiencyvithin that period of time [4]. The plant's averagmbal
efficiency can be computed by dividing the hydrauinergyE, supplied within the period of timeT,
considered for the study, to the electric eneryighaffectively consumed for pumping, in the sgreeod,Eg:

ny =E, IE (13)

The effective hydraulic enerdyy can be fairly estimated via the energy that ispfiag by the plant in
order to ensure the effective flow distributed bg served networRg, for the load [within reference section
(O)] that corresponds to the optimal functioningsefved systentHg = H, = Hum, - the minimum static load that
is accepted by consumers). Within a period of titiiethe respective energy results from the equatid (

E, = 981Q.H AT (14)

If we represent the energy consumption involvethgnwater pumping, inside the studied installation,
the volume unit of distributed water, the energedfic consumptione; is expressed in kWh/mand is
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determined by taking into account the energy comglinuring the reference period and of the wateurwel
distributed in the same period:

e =B _ Ev , W=360@QAT (15)
TW gpwW

In the case of a variable speed pump the globabgeeefficiency of the system made by the convetier
motor and the pump itself is conditioned by théceghcies of each component (in various operataggmes):

tvar

Mo =NesilTudTp (16)

whereris the efficiency of the frequency converter, witlues within the range between 0,90 and 0,96 [5].

3.CASE STUDY: THE ,, CODRESCU" PUMPING STATION (HYDROPHORE)

3.1. THE PUMPING STATION’S CURRENT CHARACTERISTICS AND THE RATING REGIME FOR THE
UPGADING OF THE PUMPING STATION

This pumping station is located in ,Punctul Tern@odrescu” (district heating distribution statiomda
ensures drinking water supply towards a city distniade of high-rise apartment blocks (Groundfld@)+ by
re-pumping water drawn from the lasi City municipatwork.

The current facility includes 1+1 LOTRU 100b pumfesaturing the next parameters= 3000 rpmQ =
84 nt/h, H = 45 mWC,5s = 70,5 % and® = 18,5 kW. The pumps are drawing water from th/€inetwork
and the water is delivered towards the districtvoek. The district pressure is maintained by meafna 2 ni
hydrophore. The operating schedule is as it follows

- between 05.00h and 22.00h operation ensured Bsopfiore, with one pump controlled by means of a
by-pass. The absorbed powePjs = 16,1 kW, the energy consumptiorbis 274 kWh/zi, and the daily volume
of pumped water reachié= 250 ni/day;

- between 22.00h and 05.00h, the facility workgtennetwork (by-pass being fully opened), at a sues
of p=2,2...3,0 bar.

According to these parameters, for a normal opamati the intervaH,, = 40 m -Hy, = 55 m, this meaning
a4H = 15 m, the hydrophore’s effective volume has ¢aab leastV, = Q,TJ/4 = 1,725 m, the total necessary
volume becomingVy =V, + 6,9 m, therefore:Vy =~ 10 nt. If a minimum protection volum¥, =~ 0,2V, is
accepted for the given presure conditions, the dpfuore’s effective volume (compensation volumends
exceedingv, = 0,25.0,8vy =0,2V,;. Thus, in the case of the existing hydrophoret tasVy, = 2 nt, the result
will be V, = 0,4 n, volume that is fitted for the use of a discontisly operated pump at an average flay<
4V, /T,, and thereforep < 0,0053 ni/s (19,2 n¥h). When the existing hydrophore is operated, 8@fthe
pumped flow is re-circulated through the bypassnmtiie network's requested he&tl£ 45 m) being provided
by a global efficiency ofyp = 0,275W.H/E = 11,2 %, i.e. with a specific power consumptiose ftimes greater
than the normal one.

In compliance to existing data, the ,,Codrescu” w&8 is supplying 840 persons. In order to dedign t
upgrading works for the Codrescu drinking water iP& assumed that the specific flow for the houdeh
consumption i), = 165 I/person.day [6]. The minimum pressure piedi by contract at the PS inlg§i=1,5
bar. During normal operation the PS inlet pressipe= 2,2...3,0 bar, and on delivery the pressure maasthps,
=5,5...6,0 bar. Using SR 1343-1/2006, the maxinmannrly flow is Qomax= 16,2 ni/h (4,5 I/s) and the pumping
station exceptional head i ld= 10,2(Rp — Bnin) = 40 m.
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3.2.MATHEMATICAL MODELLING AND CALCULATION ALGORYTHM FOR VARIABLE SPEED PUMPS THAT
WORK ON A NETWORK WITH GIVEN CHARACTERISTIC S

The basic data are the network’s static héhg, the hydrophore’s static head, and the hydraulic
resistence modulus, network-hydrophbtg = 0,0871 §m°. The pump’s catalog specification are:

» motor: powelN,,, = 4,0 kW, nominal speed, = 2840 rpm, efficiency,, = 0,863;

» LOWARA 15SV04 pump: nominal flov@, = 0,0047m*/s, nominal headH, = 45 m, efficiencyyp, =
0,72.

The parameters of the pump’s head and efficienajtgit characteristics are:
00= 92,34;As10= 3,17;As0 = -1,00;

Ao = 17,77 Av10 = 24,22:A20 = -2,70;

The network’s characteristic is given by:

HI(Hh'HRMIQ):Hh_HRM+MrHQ2 (m) (17)

The pump’s head characteristic can be analytieadpyressed by a parabolic type function:

n

2
H (n7Q) = &Oo (n] + Aslo LQ + ASZOQZ (m) (18)
nO o
and the pump’s efficiency characteristic at nomsped, is defined with:
Ry(Q)=An + ALQ+AQ* (%) (19)

The quadratic forms of efficiency isolines (2) anatching the efficiencieR® = 60, 65, 70, 72 %, and the
parameterg;; andk,, can be obtained by applying the equations (3):

H,(R)
k . = rl 2
TR (20)
k = HrZ(R)
* Q.(RF
where:
er(R) - B Arlo - Arzloz_A:lArZo(AroO - R) (l/S) (21)
_ A VAL ~4A 5 (A —R)
Q.(R)= oA,

to which, on the head characteristic at nominaédpthe next heads will correspond:

{Hrl(R) =Ag t %erl(R)+ AsZerl(R ’ (m) (22)
H rZ(R) = Ay t A§10Qr2(R)+ '%ZOQrz(R)Z
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In case of variable speed pump the pumped flowheill

n 2 n : n ’
&mn-'.\/&lu[nj +4(MrH _A520)|:'%00[n] +HRM _Hh:|
o 0 o (I/S)

- 23)
Q (Hay H,.0) = (
( o " ) 2(Ner _&20)
the head being:
2
P H)= A 1|+ A 7@ s o)+ A (o e (7 @)
The parameter that is a characteristic of theieffity isoliney is given by:
H,(Hpy H,.0) (25)
k H ,H , = i RM h
R( RM h n) Ql(HRM,Hh n)2
The reference flow is defined with:
2 _ _
Qu(Hpy Hyon) = Aso +\/Aslo L GIN I (I/s) (26)
z[kR(H RM 1 thn)_ A520]
and the pump efficiency that coresponds to therisalf parameteks is:
R(HRM’Hh'n):AOO+A’loQR(HRM'Hh’n)+AZOQR(HRM'Hh’n)Z (%) (27)
The pump’s absorbed power is defined by the nexaton:
Nip(HRM’Hh’n):981Hi(HRM’Hh’n)Qi(HRM’Hh'n) (kW) (28)
R (H RM H h1 n)

The specific unitary energy consumption, used f@@ating the pump’s efficiency (in terms of econpom
and power consumption), is given by:

£ (Hoy o) = 10Ny (Hew Hyo1) (Wh/nP/m) (29)
bR 36007moQi(HRMthrn)Hi(HRMthrn)

4.RESULTS AND SIGNIFICANCES

If calculation algorythm is applied into Mathcadta@re, the next results have been obtained:

- the graph for the operating regimes of pump-netwegystem, at variable speed ($ég. 3);

- the variation of flow, power and specific unitamyergy consumption at various speeds [$ge4);
- the variation of head and efficiency at variopseds (sefig. 5).
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The need to ensure the flow demanded by consuredosvta head of 40...55 m, leads to the fact that the
efficiency of a variable speed pump will decreaseemthe pumped flow decreases below the respeotiads
(seeFig. 4.-5).



Ovidius University Annals Series: Civil Engineerjigsue14, October 2012 11¢

Efficiencies superior to 50 % can be provided fowk that exceed 1,80 I/s (sé&. 3), flows that are
dominant during the current operation of the nekwdraking into account the fact that the frequestatic
converter's efficiency reaches values of 0,90 -60ehd the motor’s efficiency is 0,85, it is obwdthat if such
technology is adopted for a pumping plant, its glogfficiency would be much higher than in the cat¢he
existing situation.

5. CONCLUSIONS

There ar many cases when there is need to modesnzeupgrade pumping plants within water supply
systems, in order to provide a sound correlatiowtéen the pumps capacities and the actual demand of
consumers. In the case of the ,,Codrescu” pumpiaticst the existing equipment features is worn-exp{red
technological life) and, hence, its characteristiosnot longer fit the current pumping needs. Agraging of
this pumping station would mean the full replacetm&fnpumps with new ones, pumps able to ensurehfer
network all optimal operational conditions, bothtémms of economy and power consumptions, duedd#st
technologies available today.

Considering that the cost of variable speed drfeeslternative current motors has decreased dutieg
last decade, it can be stated that an upgradinigeofCodrescu” PS by adopting variable speed puisipow
strongly recommended. In fact, with only moderatpemditure significant positive economic outcomas be
obtained, this meaning technological parametershrsuperior to the current ones.
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Monitoring and Controlling of Process Parameters inthe
Chirita Pumping Station, facility included in the
lasi City Water System

Daniel Toma

Abstract — This paper is describing the techniques of moroting and controlling the process
parameters in the Chirita pumping station, facility belonging to the lasi City water systems. The
implementation of such systems has been carried the context of a global upgrading of the plant and
brought multiple benefits: decreasing of power consmption of the three pumping plants, possibility of
pro-active maintenance, performing of analysis andechnical diagnosis, strict scheduling of operating
periods outside the power grid’s load curve peak p&ds.

Keywords — monitoring and control, process parameters, pumpig station, static frequency
converters

1.INTRODUCTION

The pumping stations are main items within watesteays that supply the large urban communities,goein
operated in numerous sectors: source water catdhmwearter conveying (when terrain’s configurationnist
suitable for gravity flowing), in water plants (&l process stages such as sludge draining frorifiets, filter
backwashing) and, finally, for providing the normsapply pressure inside water networks [1].

According to the US Energy Department the watectatepumps in America are consuming aroi1d%
of the entire power amount that is produced [2]cdkding to Almeida, the situation is nearly the saim the
European Union, wher22 % of power consumption appears in water pumps.Kgg 1) [3].
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Fig. 1. EU: Estimated distribution of power consumption

Drawing a parallel, we see that in Romania, in8@s, the electric pumps were consuming approximatel
the same 25% of the electricity used at nationallesi].

Given this and the important value of the equipmére is need for a strict monitoring and contrfohll
operational parameters related to water pumpsu@itg) those referring to power consumption).

2. GENERAL CONSIDERATIONS

The pumping stations monitoring and control systameshierarchical management structures, divided on
four levels, applied to the technological systeselit[5]:

- field level: the automated plant;

- automatic local level controls, achieved with BL@rogrammable Logic Controller);

- local control room level: average capacity PQerfaced to PLCs, the main role being of process GU
interface;

- central control room level: high capacity PC intsnected to all local control room and other rechl
systems, provides the supervision and the coroslaf the entire pumping system.

A proper running of a pumping station is in factéd on processing the information related to:

- the plant’s status:

* voltage presence / absence;

* presence / absence of water on suction;

e pump unit on / off;

* open / closed valve;

e any improper operating regimes;

« defective insulation of electrical equipment orooverheating, over / under voltages, overcugent
imbalances between phases, incorrect phase seguenceent absence of one or more phases, griddrey,
power factor);

* idle regime (heavy startups, jammed motors);

* pump de-priming.

- water level in suction tank;
- water level in discharge tank;
- pressure on the pump discharge pipe and / orendqgpropriate - the pressure on pumps’ suctioe; pip
- pumped flow;
- the volume of water pumped;
- power consumption;
and the controls for pumps startup/shutdown oresbhe opening / closing.
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3. DESCRIPTION OF CHIRITA PUMPING STATION
The Chirita water plant complex is located in tlastern-southeastern part of lasi, on lasi-Tutoes o

nearby the Dancu village.
The Tutora-lasi main supply pipeline system isrk Ibetween the Tutora pumping facility, the Chirita

reservoir, the Chirita water plant and the Sorogeaier plant. The main supply system pipeline hasnb
gradually completed, in accordance with the devalept of the City’s water supply City. It currenttgnsists of

5 pipes with different diameters [6]:
- two pipes (I - Il DN 600 and Il DN 1000/900) thate feeding the Sorogari WP via the “I. Creanga”

pumping station;

- two pipes (Ill - DN 1000 and IV - DN 1200) thaipply the Chirita water plant & pump and also the
Chirita reservoir (via pipes of the same diameter)

- the pipe V (DN 1200) supplies with cooling watbe Holboca CET (power and heating plant), and the
Chirita reservoir via the DN 1000 section that s up to the connection with th@ gipe derivation towards

the lake.

The Chirita pumping station called SP1 Chirita, veasstructed for pumping clarified water from the
Chirita lake, towards the lasi City’s industrial t@anetwork and, via the “I. Creanga” pumping statitowards
the Sorogari water plant, respectively to re-pungiew from the Tutora-lasi pipeline system towatus same
water plant. In order to achieve this the Chiri&was equipped with 5 different types of pumps ERSIA unit,

1 SIRET unit, 1 12-NDS unit, 1 14-NDS unit and 3\NI& units). The pumping station that delivers &eat
water towards the city's distribution network waanmred Chirita SP2. This PS was located beneathiltee f
rooms, in a confined space, with no adequate diftyear, fact that was hindering the maintenancerapdir

processes. The station was equipped with threed2 pumps and one 12 NDS pump [6].
All pumps were worn-out (technological life expijeahd hence it was very hard to keep them in agrop

operational state. Due to the fact that the conssimeater needs were decreasing the pumps weraiipgin
conditions totally different from the designed an€bkus the rehabilitation and modernization of @terita PS

has been proposed.
Figure 2 shows a general layout of the complex after igraging [7].
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According to the new designs the treatment of wdtawn from River Prut is fully achieved within the
recently modernized Chirita water plant. Waterusnped by three pumping groups named in compliandket
zone towards which water is supplied, as it foll¢Ws

- the CITY pumping group delivers drinking wateorin the filter station towards the city network.
Pumping takes place during the 6 hours of peakuwuoes water demand (06:6008:00 and 17:06 21:00). The
group includes (2+1) WILO ASPV 250C-185/4-R4-C1-EO-ACH pumps, coupled in parallel, featuring the
following operational parameters: Q = 300 I/s and 48 mWC. The pumps have unitary powers of 185 kW,
and are supplied at voltages of 0,4 kV;

- the SOROGARI pumping group delivers drinking watevards the Sorogari water tanks facility during
the 18 hours outside peak consumption period (08:0F:00 and 21:06- 06:00). This group includes (2+1)
WILO ASPV 300DS - 450/4 — 6kV — C1 — EO — ACH pumgasupled in parallel, having Q = 450 I/s and H =
78 mWC. Each pump has a power of 450 kW, supplyagel 6 kV. These pumps deliver water towards the
Sorogari tanks by two routes: directly (normal @piexg scheme) or via the ,l. Creanga” repumpindiata
(reserve scheme);

- the 3rd pumping group is named INDUSTRY groupisuconveying the water from the Chirita Lake
towards the City’s industrial zone. Includes (2¥¥)LO ASPV 250B — 110/4 — T4 — C1 — EO — FC — ACH,
pumps, coupled in parallel, with Q = 250 I/s and 130 mWC. Each pump has a power of 110 kW, andIgupp
voltage of 0,4 kV.

Figure 3 showsthe layout of Chirita PS.
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Fig. 3. Layout of Chirita PS

4. CHIRITA PUMPING STATION : THE MONITORING AND CONTROL SYSTEM

At the Chirita pumping station the plant for whiahmonitoring and controlling system is implemented
includes the following items: pumps, actuated valvelectric equipment (switches and protection ak=s),
measuring devices (flowmeters, pressure gaugesalatite devices needed for measuring electricedrpaters
(voltage, current, power factor, active energyctiea energy).

The automation systems that have been designettidoChirita pumping station are PLC based systems,
that rely on industrial microcontrollers. These ideg have logical autonomy, operational flexibilityuse and
the feature of serial standardized communicatiquabdity, being superior to any other automatiotugons
based on other devices.
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All acquisition and control equipment are integdatbrough a communication system, by a SCADA
program (Supervisory Control and Data Acquisitionstalled on a workstation that is located in teatral
control room. The program, through its transmissieception protocol is able to verify the accuraafy
conveyed data and ensures the integrity of infaonatansmitted inside the network. It works untdindows
operating environment and is “user friendly” beaggessible to anyone who is familiar to persona.PC

The SCADA application consists mainly of three medu

e server: parameters management, alarms, data, bapeds;

« client: user interface;

e communication: acquisition of the PLC parameters.
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Fig. 4. The Chirita pumping station: Functional diagram

In Fig. 4 we can see the pumping station’s functional diagraéhe diagram shows the pumping groups, the
distribution valves, the intermediate tank, thepotiparameters, flows, pressures and the Soragas7].

The distribution valves are monitored by their fiosi

For the R5, 2500 frtank, are shown the water levels inside the tavith(a level sensor) and the status of
“no water” and “overflow” sensors.

The CITY pumping group is composed of pumps P1,dRrd P3 which draw water from the R5
intermediate tank reservoir or directly in the WW& Ranks, depending on the configuration of disttitn
valves. On the group’s outlets pressures and flavesmeasured. The pumps are driven by two ATS48 sof
starters and an ATV61 frequency converter thawigchable on all three pumps. The role of this grasi to
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maintain a constant discharge pressure and works evie or two pumps, adjustable or not, dependimg o
operator settings within the Magelis terminal.

The SOROGARI pumping group consists of P4, P5 algitmps which suck water from the R5 water
tank or directly from WWTP tanks depending on tlafeguration of distribution valves. The group Ha
outlets: one towards the Sorogari tanks, and anétheards ,|I. Creanga” pumping station (backup). €ach of
them flow is measured. The function of this grosipd maintain a pre-set level in the Sorogari tearkd works
with two pumps on duty and one backup pump. Dumiegmal operation this pumping group SOROGARI
delivers water as long as a water storage resetiistsen these tanks and if operator has set thithe Magelis
screen. Levels within the four 5,000 cubic metarks at Sorogari are continuously surveyed and kbegls are
transmitted towards the Chirita pumping stationp&w@ling on the Start and Stop levels, set by operah the
Magelis screen, the pumps within this group walrsand will stop.

The INDUSTRY pumping group consists of pumps P7aR8 P9 that draw water from Chirita lake. On
the group outlets pressure and flow are measursdfoAthe CITY group, two pumps are operated by two
ATSA48 soft starters and one ATV61 frequency correswitchable on all three pumps. The task of ghigip is
to maintain a constant pressure on discharge amisweith one or two pumps, in adjustable mode dr, no
depending on the operator settings from the Magelisen.

Each of the nine pump is fitted on suction conmectvith a manual valve and a low pressure switah an
on discharge connection, with an actuated valveaahijh pressure switch. For all pumping group® ohthe
three pumps is in reserve. Nevertheless the cafigun allows each of the three pumps to becomackup
pump, in order to even the run times for all pumps.

For the CITY and INDUSTRY pumping groups the mdischarge manifold will be fitted with a pressure
transducer. The normal operating mode implies tpatrator is setting the discharge pressure (orMiaigelis
screen), that is, with a frequency converter. lisecghat the frequency converter is defective, uthté
malfunction is solved, the operator can handleptiaping group only by means of softstarters.

For Sorogari tank water level is displayed.

The working modes allowed by the PLC are:

- manual mode:

. local command, from the low / medium voltage conpanel;

. remote command for changing the status of anwixetitem, launched from keyboard;

- automatic mode:

. in normal operation (optimal pumping regime);

. under emergency/failure situations,restarts launched - programmable for each typdaidire,
switching to backup mode in case of failure anditiom of a defect evolution history in order to bav proper
diagnosis of it.

In Chirita PS the main functions performed by thenitoring and control system are:

1) Pump operating status

The three pumping groups are shown on a physicplthrat enables users to quickly and intuitivelyaliec
them. On the map, along with the pump’s name orbernits operational status is also marked (on,ooff
malfunction). From the central control room operatan start and stop the available pumps or mayesq
additional information on the electric, energy oogess parameters. Requested parameters can leedbibey
investigating a historical database or can be taen certain time from a local measuring pointotigh
successive acquisition orders.

2) The status of the supply grid

In order to record the voltage differences betwdagtime and night regimes, between weekdays and
holidays or the imbalance due to a disproportiohadel imbalance of phases with monophase consuthers
system takes over, displays and stores the maanpers of power grid, as it follows:

- grid frequency;

- voltages on each phase;

- voltage imbalance between phases.
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The voltage or frequency fluctuations in the gnidi @lso the phase imbalance lead to changings twraio
operating characteristics, this meaning overheadingoils’ insulations and afterwards, their destion. The
recording of voltage fluctuations as a documergvisntually, in most of the cases, a solid proothie case of
litigations that occur between consumer and thegg@empany.

3) Electrical parameters of motor pumps

Along with the power grid parameters, the monitgrsystem allows the survey of all motors’ electrica
status parameters, namely:

- currents on each phase;

- current imbalance between phases;

- phase shifts between current and voltage on plaake;

- the motor’s insulation electrical resistance (swad using a 500 VDC source).

Together with the list of messages provided bypttwection system, the electrical parameter valnag
indicate the causes that have generated an abnéumaioning of the motor or pump. Under-currentaym
indicate that the motor is idling, a poor couplidgmage of motor rotor, or lack of water (maybdosed valve).
The current imbalance between phases may resuoft damages in the motor windings, decreasing otrédat
insulation resistance or a disrupting of supplylgri

An overload can be generated by too much load @eglve opened above the maximum allowed limit),
bearing failure, the decrease of insulation restgaor an excessive weight of the pumped fluid.e&rdase of
insulation resistance can be determined by a degestipply cable, by the improper mounting of mptay a
winding insulation failure (by impact or strain) dny water entering through sealing elements. Alk th
information help to develop a comprehensive prevenand corrective maintenance program, necessary t
maintain the pumps within normal functional paraenst

4) Pumps’ energy parameters

Most of the costs needed for the procurement, thmtenance and the operation of a pumping plant ove
its average life span are in fact the amounts spemower supply. Therefore it is crucial to cataland, where
possible, to optimize all energy consumptions. Thenitoring system allows for each pumping group an
assessment of energy consumption. The system gispial stores the next factors:

- active power;

- reactive power;

- apparent power;

- power factor;

- active energy;

- reactive energy.

Information obtained are underlying the efficiemnalysis phases and the defining of the optimahotet
for operating the pumping groups.

5) The pumps’ process parameters

Depending on the transducers installed on dischgipggs the monitoring system provides informatioat t
can be used in order to detect the status of purgdges or closing elements. Thus the next itemyg ba
surveyed:

- the pressure inside the discharge manifold;

- the pumped flow (MAGFLO electromagnetic flowmetecomprising a MAG 1100 or 3100 sensor and a
5000 or 6000 type converter).

The suction and discharge pipes of each pump teel fivith pressure gauges that allow the veriftratf
operation within the range of optimal parametersddmpliance to the pressure limits shown in thenps
characteristic graphs).

6) Available water resources

In order to check whether the water needs can tigfisd, the monitoring system provides information
about the status of resources, consumption anthl@pumping capacity, namely:
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- pump status (available / failure);

- pumped water flow;

- water levels from within the R5 intermediate tamid the Sorogari tank (measured by level sensors).

Data can be related for an optimal managementsofurees, with minimum power expenditure.

7) The pumps’ efficiency and exploitation rate

In order to reduce power costs an optimal pumpatgedule is developed for each pumping group. This i
performed on basis of several factors: pump efiicye consumers demand, storage capacity and therpow
tariffs. For this, the monitoring system providhe user data in reference to the next items:

- pump efficiency (ratio between pumped flow andsiamed active energy);

- exploitation rate for each pump (total runningits);

- level in tanks;

- total flow of pumped water;

- hourly tariffs.

From this information an optimization plan for cangption can be drafted. Hence, the storage capacity
scheduled to be ensured during the periods wittinmim power tariffs.

8) Type of detected failures and their time of ooence

Some of the malfunctions that may occur are: failof softstarters or frequency converters, excessiv
pressures on each pump’s suction or discharge éregeding of tanks’ overflow levels, excessive onot
winding temperatures, flooding of the pumping statetc. Malfunctions are recorded in a separatebdat (as
tables or histograms).

Therefore the operator may easily learn about theber of malfunctions that occur within a certagmipd
of time, their frequency of occurrence or the tirequired for remediation. Also the operator car fihthe
solving of a malfunction means the removal of tfieas or causes that have generated it.

5. CONCLUSIONS

The main benefits of implementing a monitoring aodtrol system are:

- optimization of pump operating in terms of eneffggtors, ensured by the continuous monitoring
of all instantaneous values of pumped water andep@@nsumption;

- preventive maintenance, ensured by a follow-uplbhydraulic and electrical values, thus reducitg
costs associated to maintenance and repair;

- technical analyzes and diagnoses;

- programming of operating periods for the pumpgingups, outside the periods of peak power loadesjrv
thus ensuring significant power savings.
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FILTRATION GEOMETRIC MODELS

Josif Bartha, Nicolae Marcoie, Aron Gabor Molnar, Lucian Alexandru Luca, Daniel Toacd, Daniel Toma

Abstract — This paper describes two geometric models that have been developed in order to achieve
the problem related to the post-Darcy filtration through rigid permeable medium: the thin tubes fascicle
model and the equivalent homogenous solid spheres model.

The measuring of energy losses that occur along the thickness of macroscopic material bed pack
helps to determine the motion’s microscopic parameters and the microscopic geometric characteristics of
permeable material.

Keywords — Filtration, microscopic sizes, geometric model

1. INTRODUCTION

The dissipation of fluid’s energy by flowing through permeable mediums is significantly important in
various engineering domains. As regards filtration study several flowing models have been developed, as it
follows:

- phenomenological models [2, 8, 9];

- geometric models (flowing in tubes) [6, 9, 12, 14, 15]

- statistic models [8,16]

- analytic models for the solving of Navier-Stokes equations [2, 3, 7, 11, 12]
- models for flowing around solid models.

The goals of such studies is to define the flowing parameters. All models include unknown parameters that
are to be experimentally determined. Most of experiments are measuring, at a macroscopic scale, the pressure
decreasing, depending on the velocity of the fluid that flows through various permeable materials of known
thickness.

The filtration scheme, as described by Darcy, expresses the velocity as if the fluid circulates within the
entire space which is occupied by the permeable material and the voids (Fig. 1.)
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Fig. 1. Filtration scheme, according to Darcy

2. THE GENERAL EQUATIONS OF FILTRATION

The iso-thermal motion of uncompressible fluids within rigid porous media is governed by the Navier-
Stokes equations and the mass conservation laws [10].

a—V+(V-V)V=—igradp+v-v2V+g+lF (1
ot p P
VI=0 (@)

where: X =[x, y,z]" is the positioning; and  — time.

V=(x0) =V, (et V, (0,0 V. (2,0 )1 €)

is the velocity, p(x, f) — pressure, p - density, g — gravitational acceleration, £ - dynamic viscosity coefficient
and v = i/ p - kinematic viscosity coefficient.

Equation (1) describes the temporal changing of velocity field under the effect of inertia, pressure, viscous,
gravity forces, and other forces that might be implied in motion (in gravitational field F'= 0).

Equations (1) and (2), together with the contour and the initial conditions, are forming four non-linear
partial differential equations, with four unknowns V(x, ¢) and p(x, ).

Non-dimensional parameters:

- Reynolds number

Re =Vl )
1%

- Froude number

2
o to ®)
Lig
(with a dimension “y” subscript, within the motion scale) are the relative measure of viscous, inertial and
gravitational forces. These values can be highlighted in equations (1) and (2) by introducing the non-dimensional
values.
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V=VIVy, Xx=x/Ly; t=t-V,/Ly; p=plp-Vy (©6)

Thus obtaining:

a—V+(V-V)V:—lgradp+iv2V+i (7
ot P Re Fr
VIV =0 (8)

The decreasing of Re number involves an increasing of effects of viscous forces. By the other hand the
increasing of number Fr means an increasing of the influence of gravitational forces on motion.

Usually, the flowing within porous media takes place under a difference of pressure along the macroscopic
given length Ap/L, L being the length’s macroscopic scale and corresponds to the thickness of the porous
material. The analysis of the Navier-Stokes equation, which governs the motion of an uncompressible fluid
within the voids of the permeable (granular) material, is defining the scale of velocities:

2
yoo b ©)
u L
Where d, is the measure of solid particles, respectively of voids between them, and is the microscopic scale
of lengths.

The microscopic (local) Reynolds factor is defined as it follows:
vd, Apd’:
Redpzp p _BP ,;,0
Lu

(10)

The pressure gradient is directly depending of this number (respectively the geometric parameters of the
porous medium).
The Darcy law derives from the Navier-Stokes equations for numbers Re p <1

k
(%o e an
Y7
where £, is the permeability (L.
The inertial correction of filtration (for Re » > 1 within the theory of permeable medium, is a cubic
relation of filtration velocity [1,5].

_dlzﬁ,V+ip2V3 (12)
dx k U

P
where H is the low inertia factor.

For the high inertia domain Forchheimer has proposed the equation [1]:

_dl:ﬁy+ﬂpyl (13)
dx  kp,

where kg, is the permeability according to Forchheimer and /3 - the inertial resistance coefficient.

The deviations of pressure gradient from Darcy law, first noticed by Forchheimer, and afterwards widely
debated, have lead to a zoning of velocity on the following domains:

- the Darcy domain — Reg, = (0; 1);

- the weak inertia domain Reg, =(1; 4,3);
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- the Forchheimer domain (strong inertia) Reg, =(4,3; 180);
- the transition domain, towards turbulence Reg, = (180; 900);
- the turbulent domain Reg, = (900; 10000).
3. GEOMETRIC MODEL OF FILTRATION

For a Darcy type permanent filtration, the simplified scheme solves certain theoretical and practical
problems at a macroscopic scale, operating at an apparent velocity V.

The filtration at a microscopic scale (non-permanent filtration) needs the use of fluid’s actual velocity
within inter-spaces, and sometimes even its distribution.

Geometric models are representing the real porous medium (Fig. 2) as fascicles of tortuous thin tubes,
having the same diameter, or as uniform spherical particles, positioned in various positions.

Fig. 2. Flowing through a solid material made of particles (a) and non-uniform tubes (b)

The nowadays technique is using permeable materials of uniform or random geometry in the next
applications: various filters (gas, liquid), heat exchangers, porous burners, catalysers (Fig. 3a), porous chemical
reactors.

3.1. THE THIN TUBES FILTRATION MODELS [6]

It is assumed that the random permeable material, featuring an effective porosity # (see Fig. 2a) made of a
fascicle of tortuous tubes with a diameter d and a length L’, and having contact with the liquid on a surface 4
(Fig. 3b).
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Flow
direction

a) b) c)
Fig. 3. Thin tubes filtration model

d

The filtering column has a total volume W, a diameter D and an apparent thickness (length) L.
The trajectory of streams L is greater than the thickness of the column made of permeable material L, these
having a curved shape between solid particles (according to Fig. 3¢) and, hence, tortuosity 7 can be defined:

r=L/L (14)

If the pores’ volume is made equal to the tubes’ volume and if the contact area of particles with liquid is
made equal to the fictive tube’s area, the diameter d of fictive tubes can be defined, as it follows:

=4V~n= 4n 15)

d - -
4 4,01-n)

Where n is effective porosity, and 4, is the specific dynamic area (the ratio between contact area of solid
particles with liquid and the solid’s volume). The static specific area 4; can be defined as the ratio between the
solid particle’s area and its volume (for spheres 4,=6/d).

The model’s geometric characteristics d and 7 (featured by the model at micro scale level), are resulting
from direct measurements of pressure gradient Ap/ L , of porosity n and of apparent filtration velocity ¥, on an

infiltrometer (at macro scale).

The relation between the apparent and the real velocity is:
y_Vor (16)
n

The energy losses at filtration that takes place through the model’s material features two components:
- The first term, related to the viscous friction, for which the Poisenille relation is accepted

(ap) 32, (17)
L d
with 1 =64/ Re,,
- The second term is related to the inertial losses in tubes featuring a roughness equal to the diameter, k,=d.
According to Nikuradze:

L g3 (18)

VAT k




136 Ovidius University Annals Series: Civil Engineering, Issue 14, 2012

and the result being /1t =0,7743.

For the global energy losses the Weisbach relation can be accepted:

' 2 ! 2
ApzﬁLV:(MJH%)LV 19)
¥ d2g \Re d2g

which, after replacements, will lead to the form:

LA.—‘;O =MV, +N (20)
with,
M = 0,0968LZH)A" @n
n
and
e 2ut*(l-n)* 4] 22)

nS

The statistic processing of pressure gradient measurements as a function of apparent velocity with the form
(20) allows for the computing of parameters 7 and 4,. If 4,4, the specific dynamic area is known, the equation
(15) will give the fictive tubes’ diameter d.

3.2. MODEL OF FILTRATION THROUGH PERMEABLE MATERIAL MADE OF HOMOGENOUS SPHERES

For this study it is assumed that the random permeable material, having a porosity » (Fig. 2a) is made of
homogenous spheres, each with a diameter d,, (Fig. 4).

000

009 6&&
000 @

Fig. 4. Model for a permeable medium made of equivalent homogenous spheres

If the equality between the real filtering medium’s porosity and the model is to be observed, this will imply
the need to assume a certain positioning of the fictive spheres.
According to Schlichter the porosity is:

n=1- d (23)
6(1—-cos S W1+2cosS
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Where 0 is the thombohedron angle, this factor having the following limit-values:
- maximum for § =90°, cubic positioning, n= 0,4764
- minimum for § = 60° , rhombohedral positioning, n=0,2595.

This fictive material made of homogenous spheres implies a mutual punctual contact. Therefore 4, = A;
and the average geometric tortuosity.

1+ cosod
r=— 07 (24)
sinov1+2cosd

with values betweenz =1,02....... 1,22.

For the real permeable material the dynamic specific area can be sometimes lesser than the static specific
area (A, /A, <1).

If for energy losses the same mechanism is accepted as for 3.1, the equations (17...20), where d is the solid
particle’s diameter we shall have the next result:

Apt’
M= (25)
2dn*
N = 32/12'2 (26)
nd?

With factors M and N computed from the statistic processing of pressure gradient measurements, as a
function of apparent velocity ¥, (at macroscopic scale) and porosity 7, the result will be the next:

1/4
| 128un-M @7)
A p’N
and
32 2 1/2
d{ﬂf } (28)
n-N

For the calculations, there is need to observe the equality between the real porosity and the model’s
porosity, hence the result being the positioning of model’s spheres. Afterwards, the macroscopic hydraulic
gradient is to be measured as a function of the apparent velocity Vj. This, combined with equations (27) and
(28), will lead to the diameter of the equivalent spheres d and also the tortuosity 7 .

The tortuosity values within equations (24) and (27) may differ because for the real permeable
material 4, / A, <1, for the model 4, / A, =1, and the average length of the particles’ trajectories may differ

from the average geometric length within equation (24).

4. CONCLUSIONS

This paper describes two geometric models that have been developed in relation to the post—Darcy
filtration: the thin tubes fascicle model and the equivalent homogenous solid spheres model. By means of
measurements of the hydraulic gradient as a function of apparent velocity (at macroscopic scale) certain
microscopic filtration hydraulic and geometric factors are computed (this being the diameter, the tortuosity, the
real velocity, Rey,). If all these parameters are known the filtration study will become closer to reality
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(permanent and non-permanent filtration). The calculation of filtration parameters is sensitive to the next factors:
the considered porosity # and the microscopic diameter d.
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EFFECTS OF OLT RIVER REGULATION ON THE
CHANNEL MORPHOLOGY

Ioan Ilas, Josif Bartha

Abstract — This paper presents the morphological changes of the new, regularized Olt River channel
upstream Tusnad. Based on surveys, the channel deformations are quantified during operation, especially
on depth without bed reinforcing.

Hydraulic parameters changing are taking place in relation to the longitudinal slope and roughness
modifications.

Upstream erosions and downstream silting are influencing the natural flow network stability, intakes
operation, drainage arrangements operation from the dikes protected flood plane. The ground water table
and the surroundings environmental conditions are influenced.

The need to complete transversal flow bed reinforcements and channel sides’ protection is
underlined.

Keywords — Environmental effects, morphological change, new channel bed, river regulation.

1. INTRODUCTION

The Olt River regulation and embanking, between Madaras and Tusnad within Ciuc basin and the drainage
of the embanked flood plain within Ciuc basin began their operation in 1985, based on studies and designs
completed since 1901 [1,5,6].

The embankments of the floodplain are interrupting the water bodies connectivity between the channel and
the floodplain. Surface runoff by drainage systems or canals parallel to dikes are collected and convoyed to the
river. The outlets to the emissary by one way check valves are control (to prevent floorings the embanked area).

2. BASIC DATA

The relief of Ciuc basin, on the analyzed water course, is located at 640 m up 780 m in altitude; is bordered
by the Harghita (1800 m), Hasmas (1792 m) and Ciuc (1499 m) mountains.

The basin downstream by the natural apron from Tusnad Bai (made of hard rocks) is limited, the apron
elevation being 637 m.

The relief is varied, and features a steppe-like configuration towards the Olt River Valley: mountains, pre-
alpine hills, terraces and floodplain. The floodplain includes the meandered, drained sand banks, and swampy
intermediary zones on which the main river’s tributaries are split.

The climate is a mountain-type, sheltered one, typical for enclosed depressions, featuring annual average
temperatures between 6 and 8°C, with variations on a range of 75°C (-35...30°C). The average yearly rainfall in
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the depression is 602 mm, ranging between 580 and 800 mm, depending on altitude. The annual potential
evaporation reaches 564 mm. Thus, the annual water balance represents an excess of 37 mm.

From a geological standpoint the floodplain consists of sandy clay, mud, gravel and peat. The peat layer
has a thickness between from 1,55 and 1,75 m and it is covered by thin soil (0,25 m). The underground includes
more or less permeable geological strata (gravels, sands, loams or clays).

Soils formed in depression bioclimatic conditions are clayish alluvial soils and alluvial soils with ground
water table at small depth of different types.

MIERCUREA CIUC

" Fited "~

" Mesteacin |

Fig. 1. The Olt River course before and after regulation, between Madaras and Tusnad
Hydrological, the Olt River, on its regulated sector, receives several tributaries, such as: Madars, Racu,
Var, Fitod, Fisag, Tusnad and Mitaci. The river network average density is 2,2 km/km”’.
Olt River hydrological flow rates, with different computed probabilities, are listed in Table 1.

Table 1. Olt River characteristic flows

. . Qum Qumax (m/s) for various probabilities

River Section mfs) | 01%]0,5%] 1% | 2% | 3% | 5% | 10%

Olt | Downstream the V.Madaras | 2,45 280 | 205 | 170 | 147 | 120 | 105 | &5
confluence

Olt Sancraieni station 4,76 | 290 | 210 | 180 | 140 | 120 | 105 | 90

Olt Tusnad Bai 6,79 | 605 | 440 | 360 | 305 | 255 | 205 | 160

Average annual flow variation is shown in Fig. 2.
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Fig. 2. Olt River: Average flow rate hydrograph on

Hydro-geologically, the Olt River flood plane is characterized by a layer of ground water (having a
thickness of 0,4....1,4 m and a filtration coefficient of 1,5....16 x 107 m/s), and a pressurized layers of
groundwater of different thicknesses and having a filtration coefficient between 2,7 x 10* and 6,1 x 107 m/s.
The two layers are in connection in the area of tributaries valleys.

3. THE REGULATION OF OLT RIVER WITHIN THE CIUC DEPRESSION

The regulation works consist of: new river bed completed between Miercurea Ciuc and Tusnad (Fig. 1,
sections S1.....S10), correction and consolidation of the channel, and river embankments. Tributaries beds
within the built up areas have been rectified, being provided with concrete or rock control walls and
embankments for protection against back water.

The new bed’s cross section is different within and outside the built up areas (Fig 3 and Table 2), the
important sectors being sideways protected (Fig. 4).

carth dike earth dike
S, &
AL LA A AL AL XA A AR AR A A AL AR
% N
N
b, b b,

Fig. 3. Olt River: Regulated cross section

earth dike earth dike
§ 9 riprap
protection
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Fig. 4. Olt River: Regulated and consolidated section
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Table 2. Characteristic construction elements on the Olt River
Localization New river b b, c m my m, L
channel (m) (m) (m) (m)
inside consolidated 10...12 50 4 2 3 2 240
localities non- 10....12 50 1 2 3 2 2770
consolidated 20 3 4 2 3 2 330
outside non- 10...20 =50 4 2 3 2 17.800
localities consolidated
nature rectified - =30 4 3 2 880

The bank protection consist of brush mattress (45 cm thickness, 3m width), a filling of rock with a
thickness of 1,5 m (30 cm over the average water level), made up of natural rocks having a slug mass between
150 and 500 kg for each rock piece.

The riverbed bank is protected with a 30 cm thickness riprap layer placed on a 15 cm thick ballast bed
(Fig. 4) [2, 6].

The tributaries’ channels inside localities have regulation works on a length of 750 m. The channel depth is
variable, but overall may convey the average discharge with a minimum 30 cm safety depth.

The earth banks have a trapezoidal shape (Fig. 3 and Fig. 4, respectively Table 2) and the total length
within Ciuc depression reaches 78 km (21,45 km on the studied sector).

For all the Olt River constructions the next calculation probabilities have been considered:

- inside localities — design value: 5 %, checking value: 1%
- outside: 10%, respectively 3%.

The Olt River regulation between Miercurea Ciuc and Tusnad (section S1...S10) has been shortened by
34 % its total length. The total river length has decreased from 32,48 km down to 21,44 km due to the route of
the new channel.

The new channel longitudinal slop nearby to Miercurea Ciuc is 1,24 %, than, to Sansimion 0,8%, and
downstream to Tusnad 0,6 % (Fig. 5).

The new channel roughness is estimated for an n = 0,03 (roughness coefficient).

H
A
[ml Longitudinal profile of Olt River
Mc. Ciuc - Sansimion
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646.00

644.00

642.00

Ref:638.00 §40.00 1 L
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Profile 2 aa0s O 10450 Y7ol i om— TR -
: artiale

Distance [m] {¢im late 05 3500 13950 15420 20170 21440
Bed level 1985 657.30 653.05 644.39 643.51 640.66 639.90
(CF) ImlI|" 2008 65436 (652.79) 651.32 646.20 643.88 641.41 640.11
Slope 1985 1.24 08 0.6 0.6 0.6
[ec] 2008 0.50 0.5 1.6 0.5 1.0
Channel Ah -2.94 -1.41 +121 +0.34 +0.75 +0.21
evolution E E s s S s

Fig. 5. Olt River: longitudinal profile on the analyzed sector (Miercurea Ciuc —Sansimion)
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4. THE BEHAVIOR OF RIVER REGULATION AND EMBANKMENT BETWEEN 1985-2008

The consequences of that shortening generated by the new Olt channel and the roughness decreasing have
been and increasing of the general longitudinal slope and of the average velocity. A new river channel with shore
protections, close to the intersection with communications (roods railway, etc) has been provided. No bottom
conservation construction elements have been designed nor completed, in spite of fact that two intakes on the
sector were in operation.

After floods the bottom erosion upstream, silting downstream and shore erosions, deformations were
registered. The operation of an industrial water intake within S3 section, due to channel bed erosion in 1986, led
to the need of a concrete threshold construction (Fig. 6). The threshold’s elevation corresponds to the necessary
intake level. The same, in the same way, a cross section with bank protection has been provided, by means of
rock fillings and riprap mattresses.

33.78m 3.0m

3.0m ‘ 30.78m 3.0m

Concrete cross

Fig. 6. Concrete transversal threshold within S3

On the double trapezoidal cross section of the embanked new channel strong erosions upstream (Fig. 7),
shore erosion and bottom silting (Fig. 8) downstream took place. Limit of bed erosion and silting is nearby
Sancraieni location, between sections S4 and S5.
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Fig. 7. Channel bed erosion upstream (S2)
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SO0r 30.20m i

2U0m 1 44.8m
S50m 25.00m | 50m

Fig. 8. Bed silting and sides erosions downstream (S6)

The morphological changing of the Olt River new channel along the interval 1985...2008 correspond to
values shown in Table 3 and Fig. 5.

Table 3. Characteristics of completed transversal sections (1985) and deformed ones (2008)

Section Bottom level Ah Distance i b b,
S CF (1985) | CF (2008) (m) (m) %o (m) | (m)
1 657,43 656,11 -1,29 0+000 1,25 10 10
2 657,30 654,36 -2,94 0+105 1,25 10 10
3 653,05 652,79 -0,26 3+500 1,25 10 3
4 652,76 651,32 -1,41 3+570 4,15 10 10
5 644,39 646,20 1,21 13+950 0,6 10 10
6 643,64 643,89 0,25 15+200 0,6 20 50
7 643,51 643,88 0,37 15+420 0,6 20 50
8 640,66 641,41 0,75 20+170 0,6 20 50
9 640,33 640,92 0,39 20+720 0,6 10 10
10 639,90 640,11 0,21 21+440 0,6 10 10

The upstream bed erosion took place along the channel’s first 3570 m, the maximum deepening of the
bottom being of 2,94 m; on the other hand, the downstream silting has led to a rising of channel bed by 1,21 m.

In 2011, downstream Sancraieni, between sections S5.....S7, due de-silting actions, 60.000 m° of alluviums
have been removed.

5. THE EROSION OF THE RIVER’S NEW CHANNEL: CAUSES, EFFECTS AND CONSEQUENCES

Due to radical regulation and embankment of the Olt River within Ciuc depression the new channel’s
section gained a double trapezoidal shape, its length being considerable reduced (34%), the upstream sector
longitudinal slope increased up to 1,25 %, being reduced on downstream to 0,6 %eo.

These items, combined with roughness decreasing (regular contact surface of water and bed, large curves)
led to a velocity increasing and, without channel bottom and sides consolidation, to river bed erosion (upstream)
and bottom silting and sides erosion (downstream).

This phenomenon is normal and can be explained by the dynamics of the channel morphology that leads an
instability of the bed [3, 4, 7].

Expressing the current potential power on unit length

Ah
P=yQ—-=7Ql (wh) @
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or the specific potential power (on unit surface):
P yoI
P, "3 B (w/m) 2)

where: QO — the volume flow rate that fills the considered cross section;

Ah - water level difference on length L;

I — channel longitudinal slope;

B — channel width at the free water surface;

7 - the unit weight of the liquid,

the morphology dynamic tendency can be defined.

The limit of specific potential power of the river for anthrop interventions is Ps = 35 w/m®.

Below this limit value the river bed is stable, but over it the river dynamics have the tendency to return to
its initial characteristics. For Ps > 100 w/m” this tendency is more important.

The calculation of the Olt River specific potential power, for a river bed real profile, and for the maximum
flow that the profile is able to convey are given in Table 4.

Table 4. Olt River specific potential power al Miercurea Ciuc
Channel hm [A@m) |[P@m) B (m) I(%) | Q (m’s) | Ps(w/m)
River bed 3.1 66,38 27,78 25,45 1,25 132,5 67,2
At banks 4,0 99,83 43,15 40,34 1,25 206,0 62,5
capacity

Without consolidation of the bed and sides, the new channel suffers important erosion (tendency to restore
the initial slope and shape in plane). The new channel can be maintained only by thresholds and shore protection.
Channel bed deformations imposed the building of a threshold and sides consolidation at the water intake zone,
near sector S3. The eroded bed’s slope tendency is to return to the initial one (= 5 %o). Even between thresholds
the slope has the tendency to return to the initial one but these can maintains the projected slope.

Erosion of the upstream sector bed has led to a decreasing of water level. These have major effect on the
erosion base level on tributaries. The Olt River and its tributaries are providing the natural drainage of the zone
(flood plain). Considering this, the decreasing of water level in rivers has the same influence on groundwater
tables. So, the drainage systems built in a floodplain from Miercurea Ciuc to Sancraieni lost their drainage role
(bottom of the drainage channels being over the decreased groundwater table). These channels are collecting
surface runoffs only and evacuate them into the emissary. These drainage channels are insufficiently equipped
with level controllers, water being discharged too quickly and dry the peat layer on their depth.

Because of decrease the groundwater level (due to erosion on the river bed), and due to excessive operation
of drainage canals, the peat layer is dried. Biochemical anaerobic processes turn themselves into aerobic ones,
when flammable gases are released (methane), this leading to auto-ignition. The peat layer when burn
smoldering is generating polluting gases, and lead to an air pollution of the zone Photo 1 [9, 10].

v Cu

W

Photo 1. Peat burning at Ciceu in 2011


me
Line


146 Ovidius University Annals Series: Civil Engineering, Issue14, October 2012

6. CONCLUSIONS

The regulation of Olt river within the Ciuc depression, without a consolidation of the channel (bottom and
sides), lead to an increasing of river slope and a decreasing of roughness, higher velocities and, as a
consequence, to bed erosion (especially at bottom).

The erosion processes are presents upstream the river; downstream, due to silting, the river has a trend to
return to the initial slope. These morphological processes are influencing the level of the erosion base of
tributaries, and of the level’s hydrograph, phenomena that finally are increasing the flooding danger. The river’s
shape instability requires consolidation of the channel for ensuring its maintenance (thresholds, stone riprap,
rock fill gabions, etc).

The distance between the thresholds is of major importance in stabilizing the river.
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Two-phase Flow over Stepped and Smooth Spillways:
Numerical and Physical Models

Duangrudee Kositgittiwong, Chaiyuth Chinnarasrig &ierre Y. Julien

Abstract —Numerical modeling of stepped spillways is veryamplicated and challenging because of
the high roughness and velocity recirculation regins. Two types of multiphase flow models are used: a
mixture multiphase flow model (MMF) and a volume offluid multiphase flow model (VOF). In both
models, the realizablek-£ model is chosen to simulate turbulence. The compational results are compared
with large-scale experimental data from Colorado Site University. The spillway was 1.22m wide and
consisted of smooth, 25, and 50 horizontal stepsh& discharge was varied from 0.20 to 3.28 ¥#s. The
data series obtained for model comparison include;velocity profiles, energy dissipation, and
characteristics of flow. Both models can satisfactidy simulate the flow pattern and the recirculation
regions. The velocity profiles are more accuratelgimulated using the VOF model.

Keywords — Smooth spillway, Steppedpillway, Numerical model, Physical model.

1.INTRODUCTION

In recent years, there has been an increase mathef surplus or flood waters which cause higwflnto
the reservoirs. Due to the increase of water fltn@,storage capacity may be exceeded. The darwvapdimust
be designed to release surplus or flood water araoid exceeding reservoir capacity. Gonzalez@nanson
[1] mentioned higher design flows that affect theuifficiency of the existing spillway capacity. pilbvay is
kind of hydraulic structure that is provided atrage and detention dams to release water that téensafely
stored in the dam [2]. To be safe, the spillway trhes capable of passing high flow without jeopardizthe
dam. A stepped spillway is an important kind oflle@y having profile made up of steps. It dissigatauch
more energy than other types of spillways when wageflowing over the spillway profile. Accordingt
Chanson [3], stepped spillways have been usedtfteagt 1500 years. Historically, very active expental
research has been done on the air-water flow aegped spillways, such as flow patterns, inceptbrair
entrainment, air concentration, velocity field, ggere field and energy dissipation [4]. The engisdeave
normally investigated the flow through laboratoryperiments on scaled down models of spillways. The
complexity of the flow structure which includes qaiinated boundary conditions, the curved free sfand
the unknown scale effects has caused uncertaiintigzansposing the experimental results to protetgpales.
With the development of computational fluid dynasi¢CFD) and high-performance computers, complex
multiphase flows can be simulated numerically arith walidation the results can be trusted to bdialbée.
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Given reduced time demand and lower cost of theemioal method than physical experiments, simulatbn
the stepped spillway overflow has a significantatage.

The two well established and widely used computaiianethods are the finite difference and finite
element methods. Tabbara et al. [2] used the felgenent method to predict stepped flows at thdlsuale of
experiments. In the upper part of the flume as waslin the bottom part steps were introduced atbagchute
such that the envelope of their tips followed thesth spillway chute profile. Although the resuifsthis study
are encouraging, physical or laboratory measuresremet still crucial for providing reference datanBhamar et
al. [5] developed a numerical model for two-dimensil boundary layer flow over a stepped channéi wtieep
slope, which was based on the implicit finite difiece scheme. The finite volume method, which heenb
extensively used to model a wide range of fluidvflproblems, was originally developed as a spedralef
difference formulation. Qian et al. [4] used a MMkodel to simulate flows over a stepped spillwake T
turbulence models those were investigated arezeddék-£ model, SSTk-w model,v’-f model and LES model.
There were 40 steps with the step height of 0.05'he. study region comprised th& & 12" steps from the
crest. The realizable-¢ model show the best agreement in simulating flmer stepped spillways. Dong [6]
studied numerical simulation of skimming flow owvmild stepped channel. The channel consisted oftdfiss
with the ramp angleg of 10 and 20. All air boundaries were defined as pressure baries with zero pressure
specified. Smooth channel flow was also simulatddmpare the hydraulic characteristics of the pdp
channel flow with the smooth one. Chen [7] usedkthes turbulence model to simulate the complex turbutenc
overflow. Their first five steps were varied whilee size of the rest were 0.06 m high and 0.04®mg.I The
study indicated that the turbulence numerical sitioh is an efficient and useful method for the ptar
stepped spillway overflow.

Most of the previous studies focused on the sneallesstepped spillways and tested discharge. 3i966,
the possible scale effects for steep spillways leeh already mentioned [8]. Due to the viscosity smrface
tension play an important role in highly turbulext-water flow, so, only Froude similitude is notoaigh to
study flow in stepped spillway without the scaléeefs. For the true similarity, the Froude simifieucan be
used when the step height >2 cm, Reynolds numH€r and Weber number100 [9, 10, 11]. Therefore, large
scale of stepped spillway is studied for both expents and numerical model. Also due to less tiemahd and
lower cost of the numerical method than that ofegikpents, this study will be emphasized on numeériwadel
to attest that numerical model can be used compartdlarge scale experiments. The flow pattern Hoa
characteristics, flow profiles along the spillwagglocity profiles, and air concentration profilegere collected
from the experiments which consist of nappe flod akimming flow. The VOF and MMF were used as a
multiphase flow model to compare the better onegusiith large scale experiments.

2.NUMERICAL M ODEL

The stepped spillway was modeled as shown in EigFor each case studied, there are 230,565
quadrilateral cells with 232,109 nodes created.d@lzeral meshes with 0<D.1 nf are used. The boundary
conditions in this study are no-slip wall, outlsta pressure outlet type, free surface as a peegdet type, air
inlet and water inlet as a velocity inlet type. Tihket water velocity is set as uniform at the {nl€hen water
flows into the tank before approaching the spillwéijie segregated solver was used because it isphage
flow with 2 materials, water and air, each withfelieént velocity. The VOF and/or MMF models were dise
deal with the multiphase fluids.

2.1 The volume of fluid model (VOF)

The VOF model, which was completely reported byt lind Nichols [12], is based on a concept of a
fractional volume and the fact that the phasesaténterpenetrating. The fields for all variabbsd properties
are shared by the phases and represent volumegadevalues, as long as the volume fraction of edcthe
phases is known at each location. Thus the vasabled properties in any given cell are either purel
representative of one of the phasesrepresentative of a mixture of the phases, depgngjpon the volume



Ovidius University Annals Series: Civil Engineerjigsue 14, 2012 14¢
fraction values. The standard interpolation schearesused to obtain the face fluxes when a celbiapletely
filled with one phase while the geometric recorctfon scheme is used when the cell is near thefaue
between two phases. In each control volume, it roedtlled with either a single fluid phase or ardmnation of
phases while the volume fractions of all phases sBumnity. The same set of governing equations rileag
momentum and mass in a single-phase flow is salemiighout the domain, and the resulting velodiydfis
shared among the phases. The conservation equatigrend (2), are dependent on the volume frastifnall
phases through the properties of densityand dynamic viscosityy. The velocity inx, andx directions are
defined byu; andu;, respectively. The pressure, P, time, t, turbutiymamic viscosity/4, are also defined in
these equations.

@+_ﬁwi =0 (1)
& K
%4.%:_0_}34.1( + t)@i_{_ai @)
ot 0X; 0% 0X; oxj 0%
Flume size in numerical model Spillway floor

Smooth spillway

Flume size in physical model

water inlet % outlet ~ Pseudo-bottom
3 l 25-step spillway
Y Th=0.61m
I0m 30m  3048m , 30m | A
‘ k‘approaching‘ a " outlet [=122m
@K channel  SPYWAY channel

do-bottom

50-step spillway

~th=0.31m

/= F.61m
Fig. 1. Schematic diagram of the stepped spillway

2.2 The mixture multiphase flow model (MMF)

The MMF is a simplified multiphase model that canused where the phases move at different velsgitie
but assume local equilibrium over short spatiagthnscales. The mixture model can modgbhases by the
conservetion equations for the mixture and the meluraction equation for the secondary phases, els as
algebraic expressions for the relative velociti€ee continuity equation for the mixture, (3), isfided by

_ T POk
Pm
velocity of each phase can be defineddqy, o, , and g, , respectively.

n
velocity of mixture, 0, , and density of mixture,p,, = > a,0,. The fraction, density, and
k=1

2 (pn)+ 0lpnt) =0 ©
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The momentum equation for the mixture, (4), canob&ined by summing the individual momentum

equations for all phases. The dynamic viscosity, = icrk,uk , and the velocity difference between each phase
k=1

and mixture, g, \ =0y — 0y, are also defined.

0 ~ I " ~ _ o
a(pmum)"' g [qmemUm) =-upP+0 [ﬁ,um(DUm + DU;)]"' Pm9 +0 Eéélakpkudr,kudr,kj (4)

The differences between the models are the mannehich they handle phase interpenetration and the
phase velocities. With these two differences, ttigal boundary condition must be different. The &locity in
mixture model should be set at zero and then retitebomogeneous multiphase model while the acitl in
VOF model should be the same as water velocityw Fdoer different kinds of spillways produce diffate
patterns and have different effects.

For operating conditions, the specified operatirensity, 1.225 kg/h was used with gravitational
acceleration, -9.81 nfjsand operating pressure 101,325 Pa. The boundewjitions were set by using water
velocity at water inlet. The Realizalites model [13], which is a relatively recent developmfzom the standard
k- model, was used to simulate turbulence. The mddedesport equations for turbulent kinetic enekgyand
turbulent dissipation rate;, in the realizablé-& model are (5) and (6), respectively. The geneamadick due to

the fluid shear,G, = L, S?, generation ok due to buoyancyG, effect of compressibility on turbulencéy,

,source terms of kinetic enerd§, C, = max{ 0.43,%5] n= SE, S= 231- Sj , source terms of dissipation
n £

rate, S, C, = 1.9, kinematic viscosityy, Clg = 1.44, relation of flow velocity inx and x -direction,

Cy = tanl‘iX are defined in both equations.
u

d 0 0 M | ok
— +—\oku; )= — || g+— | — [+G +G, —pe-Yy +S 5
P (k) o (p& J) ox, K,U kaale k tGp — =Yy +5 (5
0 d 0 U ) 0 £? £
—l\pe)+—\pau; |=—|| u+— |=— |+ pC;S, - ——+C,—C3.G,+S 6
at(p) ox, (,0 1) ox, |:(,U Ugjale PGS, PC2k+ e | e T (6)

3.PHYSICAL MODEL

The experiments were obtained using an outdodin¢e$acility located at Colorado State University
Engineering Research Centested by Ward [14]. The facility permits largalscexperiments so the water was
supplied from nearby Horsetooth Reservoir. The wetecchute is approximately 34.14 m long, 1.22 rdewi
and 1.52 m deep on a 2:1 (horizontal: verticalpsland has a total height of 15.24 m. Plexigladdauivs with
the size of 1.22 m by 1.22 m were installed at fbgations in the dividing wall to provide obseiieatof flow.

The spillways can be divided into 3 groups; smo@fh,and 50 steps. The 25-step spillway heights
0.61 m and length, is 1.22 m. The data on th&,48" 12", 16", and 28 steps were measured, perpendicular to
the pseudo-bottom. The 50-step spillway heights 0.31 m and length, is 0.61 m. The data on th& 715",
23" 31" and 39 steps were measured, perpendicular to the pseuttimvb The Characteristics of flow over
spillways are shown in Table 1.
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Air concentration and velocity instrumentation weneunted on a point gage and carriage system. All
profiles were taken along the centerline of thenfiu The lowest points were taken at approximatedt® m
from the tip of the step. The highest points wedeh where both instruments measured data thahesasthe
dry-air readings and visually appeared almost bt flow. Videotape recording and photographsemgsed to
collect the flow pattern at the overtopping crest along the spillway. Flow condition in this stuthay be
described as high-velocity, turbulent, two-phasevfl The probe is sturdy and provides a means dfiragyus
back flushing to ensure a single density fluid witthe Pitot tube. Velocity from the back-flushiRgot tube is
determined by the difference in pressures at thmetiki and static ports while continuously back liag to
prevent air bubbles from entering the instrumeihieréfore, a balance between ensuring that air doeenter
the Pitot tube and the sensitivity of the presslifference must be found.

Table 1. Characteristics of flow over spillways

Smooth spillway 25-step spillway 50-step spillway
Parameters S).57 S1.13 S1.70 SZ.Z7 T0.57 T1.13 T1.70 T2.27 T3.28 FO.ZO FO.GO F1.16 F1.7O F2.27
Discharge (ns)| 0.57| 1.13| 1.70] 2.27| 0.57| 1.13]| 1.70] 2.27| 3.28| 0.20| 0.60| 1.16| 1.70| 2.27
Critical depth (n] 0.28| 0.45| 0.58| 0.71| 0.28| 0.45| 0.58| 0.71| 0.91| 0.14| 0.29| 0.45| 0.58| 0.71
yJ/h - - - - | 0.46/ 0.73]| 0.96| 1.16| 1.48| 0.46| 0.96| 1.48| 1.91| 2.32

Flow regime - - - -| NA NA| SK| SK| SK| NA| SK| SK| SK| SK
Remarks: NA is Nappe flow, SK is Skimming flow

4.RESULTS AND SIGNIFICANCES

4.1 Flow characteristics on step
For the flow regime, Chinnarasri and Wongwises [iffjposed the minimum critical flow depth required

for the onset of skimming flow on horizontal anclined steps forO.lOsIDs 173 , with 8 = angle of the

upward inclined step in degrees, is

h -0.153+0.0048
%:(0.844+ 0.0039)[ j

T (7)

The maximum critical flow depth for the nappe floggime is

% = 0.927-0.0059 - 0.38{|—hj )

For the present study, at O.5?/mand% = 046, nappe flow existed with ponded water in the ioteof

the step beneath a cascading free jet. At 1.48, with % = 073, partial impact of the flow near the end of

step and incomplete filling of the step cavity segjga partial nappe flow regime. The condition kifngning
flow was first observed at 0.37%s or greater. Therefore, the flow regime at disges of 2.83 and 3.28%s,

which % =134and 1.48, respectively, were skimming flow. The ptate submergence of the steps with water

flowing down the slope as a coherent stream cuslidoy recirculating vortices in the interior of theep was
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found. However, the general flow conditions wer&@&xely turbulent along the entire spillway withagic flow
patterns and significant splash occurring at alvfrates.

The flow direction, and location of the recircutegivortices on the step from the simulation bothrfr
VOF and MMF models are similar. There are two zptmser and upper zones, along the spillway. Clpsm
the step is lower zone with the recirculating \a&$ rotates clockwise and is located in the trilargzone of the
step corner. The upper zone is far from the stepdaops of water flow through the air. The restdisthe VOF
model calculations can separate the air from thiemffow so the connected surface between air asigmcan
be seen clearly and the flow direction of watewflzan be shown.

4.2 Velocity profiles

For the velocity profiles tend to have the samegshzeginning with velocity gradually increasingrfréhe
bed until a maximum velocity gradient is reachetiséme point in the upper region of the depth,ramédiate
change is observed where the velocity abruptlyeiases or decreases. Velocity profiles similar te #hhape
have been observed in several studies of steppidagpflow Flow conditions in the upper region isted of
a highly irregular, wavy surface above which lamggaticles of water ejected from the main flow. law
hypothesized that shear stress develops from isedegesistance on these particles due to atmosplag and
the change in momentum and the return of partizdek to the main flow results in a loss of velacity

For both nappe flow and skimming flow, the VOF miodeows better agreement with measurements
compared to the MMF model. The velocity profiles the discharges of 0.573s, nappe flow, and 3.28%s,
and skimming flow on the {Bstep are shown in the Fig).

A comparison of the velocity results from the nuitarmodel and experiments shows that with a nappe
flow regime, the maximum error in their values nhaimmount to 30% in the zone upper when 0.10 m ftioen
floor bed of the spillway. For a skimming flow reg lower than 0.20m, the error is quite high ad aglthe
one from nappe flow while the maximum error is maire than 27% in the upper zone. Given the grid siz
0.1x0.1 nt for the numerical model with the finite volume imed, the maximum error is from the point that is
located on the center of the cell, at 0.05 m. Téwmilts of the lower zone, therefore, are interpoldtom the
boundary of the cell. With this reason, the erronf the floor to the depth 0.20 m is quite high.

16 1 A DA A D
14 A u O  Experiments-nappe
I . = A Experiments-skimming

’u? 12 n A /ﬁ ~ ok
= B - — B .
£ 104 A = VOF naPpe .
z g VS e -—-A—- VOF-skimming
é /A// e B R a MMF-nappe
> 674 E o MMF-skimming

49 D//’/‘

274
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0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
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Fig. 2. Velocity profiles on the 15 step of 25-step spillway

4.3 Energy dissipation
The energy dissipation can be observed and cadclfiom the energy between the inlet section at the
approach channel of spillwa¥, and any section downstreamd, From many previous studies, the energy

dissipation,E—L, is one of the dimensionless parameter which idelyi used. The energy losk, is the
0

difference between energy at the inlet sectigy,and energy at any sectidg, It can be written ag = E, - E,.
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To consider on the inlet discharge on stepped ammbth spillways, Fig3. shows the energy dissipation at the
last station for both step and smooth spillwayse Tst observed station for smooth spillway is 85Y apart
from the inlet and the 20and 38" step for 25 and 50-step spillway, respectivelye Télative length, which is
the ratio between the distances from inlet to atativer the spillway length, for all of those stas is 0.75. It is
shown that for the same spillway, the energy d&&ip decreases when the dischamyencreases. The energy
dissipation for the smooth spillway is rapidly dezsed with increasing of discharge while the omesfepped
spillway is gradually decreased. It can be stateat the stepped spillway is better used for higthesign
discharge than the smooth one because more erardyecdissipated due to the macro roughness steps.
Consideration on the certain discharge, the resaitcate that a great amount of energy dissipaison
occurred in a stepped spillway. It is also shovat for a given height, the energy dissipation iases when the
number of steps increases. The results can be cethpéath the study from Rad and Teimouri [16] ahd same
trend is found as shown in Fid. The spillway slope [16] was 28,6the number of steps was 32, and the

Reynolds number was 10The trend of results by Rad and Teimouri (2010)cw0.04s¥—r°] < 013fits very
i

well with the results from the present study wtﬁtﬂﬁsy—;s 060. Because each step acts as a macro
i

roughness, the more steps can cause the thickhasbulent boundary layer and more flow resistaand also
significantly causes more energy dissipation. Havewith high roughness, Chanson [3] reported Ki@rming
flow will become fully developed and the steppeillwpy behaves like a smooth spillway.

1.0 1.0
S Slope 26.6° — Present study
0.8 0.8 | X Slope 26.6° — Rad and Teimouri
— [16]
==
E, 06 E, 0.6
Ey Ey
0.4 0.4
o 50-step spillway
0.2 © 25-step spillway 02
o Smooth spillway
0 0.5 1.0 1.5 2.0 25 3.0 0 01 02 03 04 05 06
q (m3/s/m) e
ih
Fig3. Energy dissipation near the outlet Figd. Comparison of energy dissipation

with previous studies

5. CONCLUSIONS

A numerical model using different multiphase flovodels, VOF and MMF model, is used to study and
compare the flow over a stepped spillway. The ffata large-scale experiments are used to calitaateverify
the model. The grid size of quadrilateral meshe®.®0.1 nf were used in the numerical model. For nappe
flow, there is only an air pocket which is not e¢lgaseen from the model. According to the simulatiesults for
skimming flow, it is obvious that there is a reaiiating vortex in the corner of the step, whictcéled lower
zone, verified by the measurements. The upper mor@ewavy water surface in which air is trappedthe
surface. The point of inception can be found in MiMB&del but without recirculating vortices showntba step.
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For the velocity profiles, they tend to have thensashape beginning with velocity gradually incragsi
from the bed until a maximum velocity gradient éached. For both nappe flow and skimming flow, \#t@F
model shows better agreement compared to the MMiiem®he maximum error in their values was 30%him t
zone greater than 0.10 m from the floor bed ofgpiéway. For a skimming flow regime, the maximumce is
not more than 27% in the upper zone. The energsipdison from stepped spillways is compared with th
smooth spillway. It is also compared with the poegi studies and the same trend was found.
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Flow Modeling with Free Level in the Polycentric Clannels

Luca M. Mihail, Tamasanu Fabian, Luca M. Alexanducian

Abstract — The paper presents the modeling of free levebflv phenomena in the polycentric riverbeds
sections. The classical section of hydrotechnicaalleries is modified in exploitation through phenonena of
hydrodynamic erosion. The water movement in the gldry is formed of a succession of non-uniform
movements gradually varied and rapidly varied, whiti differently influence the functional state and tte
hydrodynamic stability. The model answers the hydralic requirements imposed to the adductions of the
type of hydrotechnical galleries with free flow regme and affected by the phenomena of hydrodynamic
erosion. The calculation model adopted considers flow section formed of lines and circular curves. Br
the polycentric section specific to the case studynalyzed, we determined the calculation relationsfahe
hydraulic parameters. The mathematic model presente above was implemented in the computer
program MATLAB Sect_Poli_Centr_Masurat.m. For determining the hydraulic parameters in the
modified flow sections, we drew up two calculatioprograms in MATLAB for the uniform movement and
the non-uniform movement.

Keywords — flow modeling, gallery, hydrodynamic erosion, plycentric riverbeds.

1.INTRODUCTION

An important place within a hydrotechnical systesnrépresented by the adduction pipes. The flow in
adductions can be characterized by free level utidepressure, or in certain situations in a mixethner. The
modification of design parameters and of the hygnaghic regime in the adductions for water is depetbin a
continuous destructive process or variable in tiffibe multiple actions determine the modification tbé
constructive and functional parameters of the atidiicdiminish the mechanic resistances, distugbdtability
and decrease the safety in the construction egpimit. Most of the times, the remedy of destructfkects
involves expensive works and which are executezktremely difficult conditions [3, 8].

To analyze these phenomena to theoretical and iexpatal study conducted on a supply system
adduction of lasi. The analysis was thorough thereésection consist of a hydrotechnical concgetiéery [5].

The theoretical and experimental researches wer&daut on the second pipe section of the head ra
Timigesti - lasi. The pipe section is made up of a hydrotechngadlery with the role of under-crossing of
Strunga Hill. The gallery takes the rate of flomesisported gravitationally by three pipes: two piplREMO Dn
1000 supplied from Tirgésti source; the third pipe Dn 600 from \éeni source [9].

The total flow taken from the gallery is transfetri@ pipe section Ill under the adduction presqie
2000, steel, PREMO). The pipe section Il is conedco the compensation reservoir ofilaity [9]. The
hydrotechnical structure was built directly excawatthe bedrock of the Strunga hill, excepting threme
areas. Strunga hill is made up of shale and linmest®he structure of the gallery is made of reicddrmonolith
built-up concrete. There is a row of prefabricaldatks at the rock contact. To the interior on déineh bricks
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there is a lining of monolith reinforced concretattwas to be covered with jetcrete. The interieinéter is of
2.00 m and external diameter, 3.00 m (Fig. 1).

The gallery supply is achieved through a loadingneber, with the rectangular shape section andepéd
of 6.00 m. The gallery empties downhill into a ealthute where the pipe section Il is connectedthin
downhill cable chute, a weir is mounted for puttprgssure in the gallery. The gallery length i4824 m, and
the medium downgrade has the value of 1.14 %.. Atingrto the longitudinal execution profile, on fiivst half
of the length, the foundation mat downgrade is @f %.. On the last gallery length, the foundationt ma
downgrade is of 1.28 %o [3, 9].

50 200 50,

F'ig. 1 Flow section of the Struﬁga ge{llery Fig. 2 View of the flow section of the
Strunga hydrotechnical gallery

The gallery carries the gravitationally transportstharge through two water pipes (PREMO Dn =@,00
mm) was supplied by the Tiggsti water source and transfers the discharge tatitkerpressure transportation
pipe (steel, Dn = 800 mm), which is connected ® lhlancing reservoirs of lasi. The supply of th#egy is
accomplished through a loading chamber, with aaregilar cross-section and a depth of 6.00 m.

2.THE CALCULATION MODEL

The calculation model was conceived for the charazdtion of the free-level flow in structurally aified
sections in the exploitation process. The modelvars the hydraulic requirements imposed to the etitths of
the type of hydrotechnical galleries with free floegime and affected by the phenomena of hydrodimam
erosion [3, 5, and 9].

The technologies for the galleries construction tnedeffects of the hydrodynamic erosion modelftae-
level flow section in a certain form. In some stiaas, there are also corrosion phenomena detedhbgethe
transport of the alluvium material and some chehghbaracteristics of water.

In some cases, a significant modification of thergetrical shape of the free-level flow section has
resulted. The hydraulic, mechanical, chemical pheema etc., acting together, have determined a hawesof
the flow section. Knowing the evolution in time thie flow section imposes the determination of theraulic
parameters with direct influences on the geomdtdoaensions. Among these parameters, we noticedsgbe
load loss, the cavitations coefficient etc.

For modeling polycentric movement uneven whites aas@mputer program. The program was developed
in MATLAB and was named MGVAT1-Str. Modeling longdinal movement in the bed profile polycentric
steps was achieved by [9]:
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- modeling of the state of motion by determining tmitical depth, slope and Froude number;

- modeling of the gradually non-uniform motion dretgallery sections according to initial conditiand
contour;

- modeling rapidly varying non-uniform motion onetlsection to enter the gallery according to initial
condition and contour.

The calculation model is based on the observamusmeasurements achieved in the flow sectionp# pi
section 2 that ensures the head race skgtii—lasi, line 1l. The flow section is modified due to tkechnological
considerations regarding the gallery constructiod as a result of the water hydrodynamic actionnduabout
42 years of exploitation [8].

The virtual circular section given through the desis replaced in the inferior part by a polycemtri
section. The calculation model considered the $tmumydrotechnical gallery. The calculation moded keken
into account the following modifications of thewisection (Fig. 1, Fig. 2):

- the inferior part is achieved in a flat shape afuechnological considerations;

- the wall in the flow area is modified differerijaregarding length through the hydrodynamic evasi

- the hydrodynamic erosion, the abrasion, the cbalhtorrosion, in some cases the cavitations have
determined modifications of the roughness per petém

The section of the calculation model is formediné$ and circular curves.

The erosion areas per perimeter can be approxinwetadcircular curves of a certain radius. In tlhirstf
stage, we determined the hydraulic parametersfapazihe modified flow section (Fig. 3).
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Fig. 3. Strunga hydrotechnical gallery: CP/blue — desigrentour; PM/red - executed contour.

The flow section perimeter (initially circular) wagpproximated with portions througN , = (NM —1)/2
line segments or circular curves (NM — number ofsweing points, NA — number of segments). In theeca
analyzed, we admitted 6 circular curves and thfdlandation mat.

Geometric parameters of the section flow are degetnoh water depth:



15¢

Ovidius University Annals Series: Civil Engering, Issue 14, 2012

O<hs< (Zi+1 - kO)v i= 17"-,NA-

The geometrical parameters considered are: thddwed width of the liquid, &h);

- wet perimeter, fh);

- area of transversal section(;

- the ordinate of the centre of gravity of the getGtz;(h).

The support circles are given by the equation:

(y-b)f+(z-a) -R"=0(=2...N,) )
The expression of geometrical parameters for theulzion model is the following:

- width at the liquid free-level,

B (0)=2fb + R -(1-a) ((=2mN,)] @

- wet perimeter,

R(h)={R (2 0)=2Bcq. for - i =1

R1(31) + 20 [arccods (1) —amnyi-;‘“,@
for - (i = Z,D]]]]NA)
where:
ti(h):héa* Jfori=2,...N @)

- area of the transversal section,

’Ai(ZMo):O,for Li=1
0= Al 2l (-7l ) ©

for - (I = 2,D]IDNA)

where:

F(z)=n o+t ERiZ {ti ) 1_ti2(z) 1,

2 | v arcsinfy 2) ©
for — (i = 2,DDDNA)
- the ordinate of the centre of gravity,
2. ()= (), @)

Alh)

where:
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IZGi (ZMO)=O, for - i=1
75 (h)=11 - (Zi—1)+ 2 E[Gi (h)-g (Zi—l)]' ®)
for - (i = Z,D]]DNA)

with:

o 1 ()fa-7(2) + arcsny (2) -
3
2® §1-2()]

for - (I = 2,I]DDNA)

9)

With the relations above we determined the hydcaplirameters of the modified flow section: the
hydraulic radiusR,, the speed modulé/, the rate of flow module, the hydrostatic force appropriate to the
active sectionfy,.

The mathematic model presented above was implecheittethe computer program MATLAB
Sect_Poli_Centr_Masurat.m [9]. The program achiethesfollowing operations based on some data known
through measurements made in the field:

1. The shape of the channel section (includedenytbz, with Oz — vertical symmetry axis) is detered
through the precision airborne survey of the cawtis (y z) for Ny=2-Na+1 points.

2. Determining the equations for Mircular curves or line segments that describdltve section.

3. Determining the geometric and hydraulic paramset®, A, P, R, zs, W andK for a transversal flow
section made up &, circular curves or line segments connected , gp@i@ to the depth h imposed.

The program Sect_Poli_Centr_Masurat.m was runHeriiput data according to the case study “Strunga
hydrotechnical gallery”. The flow section is defihby a line and five circular curves [9].

3.EXPERIMENTAL RESULTS

Researches carried out to the interior of the fimvsection showed significant changes in the cHanne
roughness of the cut-off trench with influencestioa roughness perimeter distribution pattern [3,T8e free
flow running led to the hydrodynamic erosion of #ggron. The differentiated roughness led the faionaof
four different areas. The cut-off trench of thelgal was carved under the action of the water cuirfi@ming a
cavity in the concrete and macro roughness in tfigaulic phenomenon. Also on the inferior third tpafr the
perimeter one can note the decreasing effectsecétbsion that continuously carves the roughnesiseoivall in
the area of water contact.

The studies made within the flow section emphasinggbrtant modification in the channel roughness,
with influences on the manner of distribution of terimeter of the roughness. The free-level fletednined a
foundation mat conditioning through the hydrodynaetiosion phenomenon. The roughness differentiated
obvious manner on the perimeter, forming four cti@mstic dimensional areas [5].

The gallery hearth was modelled under the actiothefwater flow, forming some cavities in the cater
mass, respectively a macro-roughness in the hyidrahlenomenon. In addition, on the inferior thirfitbe
perimeter we notice, in decreasing manner, theeffef the erosion phenomena, which continuouslgehthe
wall roughness in the area of water contact [9].

Modeling motion was made for a range of flow ra@s= 0.60...1.60 riis. The checking of hydraulic
parameters emphasized a modification of the tramsgpaoate of flow and of the speed.
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The water movement in the gallery is formed of ecegsion of non-uniform movements gradually varied
and rapidly varied, which differently influence thenctional state and the hydrodynamic stabilitig(#).

Fig.. 4. The water movement in the gallery Strunga hydtotesal gallery.

For calculating the non-uniform movement, we crédtee computer program MGVAT1_Strunga.m in the
MATLAB. Numerical simulation results polycentric an in the bed was presented tabular and grapiic f
each section and flow calculation (Fig. 5).
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On the input section of the gallery to form a cdriree surface;qthe supercritical state of motion, Fig. 6).

The downstream section of the gallery forms a cld/ésubcritical state of motion, Fig. 7) where date
is lowered. Because of the non-compliance of genca¢tparameters and the execution technology lstied in
the project for Strunga gallery (the current sitwatis presented in Fig. 1), the following resultthe current
stage of exploitation of the analyzed pipe section:

- at the same depth of water in the gallery, theewspeed is diminished with up to 19%;

- accordingly, the rate of flow is diminished witp to 12.5%;

- the increase of the gallery rate of flow mustllieved through works of the flow section rehégdilbn.
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Fig 6. Curved free surfacg bn the downstream section Strunga hydrotechnialgny (Q = 1.52 ris).

The most unfavourable situation from the hydraplaint of view is registered on the first pipe sectof
the gallery (about 60...110 m). according to the gtigations in the gallery, and the data obtainedugh
simulation, it results that on a distance of 15. n®&fter the entrance in the gallery, the waterentrevolves in
a supercritical state of movement, this fact isvproby the state of the flow section, where we stegia
hydrodynamic continuous and significant erosiorthvai intense transport of material of different dirsions.

At the same time the degradation in the apron eaedead to the apparition of the cavitation phesoon
on the first 10...30 m of the input section. This pimenon, combined with dynamic erosion, can acatdehe
process of degradation of the gallery’s apron ia #nea, a situation that was also emphasizededirtie of the

visualization of the flow sections.
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Research in this field has proved the existena adntinuous exchange of water between the galledythe
underground, through an infiltration - ex-filtratiprocess. The quality of water in the rock mggsifheral water of a
sulphurous nature) also determines chemical erogion the execution materials of the gallery.

The speeds registered in this area have value®0f.49.20 m/s in the entry section, according tovélele
of the control depth. In the final section of thepercritical movement area, the speeds reach valfies
1.70...1.90 m/s. Thenceforth, the supercritical mosengoes through a hydraulic bounce into an undécal
movement, and the bounce position is marked atrdifft distances through the phenomenon of seditiamtaf
the alluvial material.

The next stage will increase operating flow rateiswill affect the hydraulic regime parameters.

Hydraulic manifold structure must be restored tfe sgperation. The rehabilitation works will flow tha
hydraulic regime stability [7, 9].

4. CONCLUSIONS

The interpretation of data obtained allows the sapof the following general conclusions:

-The gallery flow section presents a hydrodynamasi®en phenomenon differentiated according to lengt
more intensified on the entry pipe section and étiwve on the central and final pipe sections.

-The flow into the gallery is formed of a sectioh gradually varied and rapidly varied non-uniform
movements, which differently influence the functibstate and the hydrodynamic stability.

-For determining the hydraulic parameters in thedified flow sections, we drew up two calculation
programs in MATLAB for the uniform movement and then-uniform movement.

-The results regarding the modeling of the watevenwent in the gallery for the modified section cales
different values of the speed and the rate of tompared to the designed values.

-Adopting some rehabilitation measures must take account the current state of the flow sectiot e
modified value of the hydraulic parameters.
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RESEARCH OF FILTRATION THROUGH SORTED SAND

Daniel Toaca, Josif Bartha, Agnes Montillet, Nour-Eddine Sabiri

Abstract — Experimental results of fluid flow through homogeneous permeable media — sorted sand
of diameter 0.392 mm, 0.699 mm, (0.974 mm and 1.820 mm - the paper presents.

Experiments for hydraulic gradients corresponding to Darcy’s law up to 7,5 (post Darcy’s
movement) has been undertaken.

Using a capillary tube model of filtration, parameters of the movement has been determined:
porosity, pores diameter, tortuosity, Forchheimer type quadratic relationship of hydraulic gradient, the
dynamic and static specific area and friction factor law in function of pore diameter Reynolds number.

Keywords — Newtonian fluid, post Darcy’s filtration, pore diameter, sand filtration.

1. INTRODUCTION

The velocity of filtration through permeable medium, beginning with a certain limit may overpass the
Darcy’s linear filtration law.
For higher values of Reynolds number then Re > 1, the filtration is described by nonlinear laws, proposed
by Forchheimer [1], in different forms, as:
- power relationship,

X vy (M
- or polynomials of 2" or 3 order,

A—Lp=a~vo+b~vo2 )

A—Lp:a-VO+b-VOZ+C~V03 3)

These laws are widely commented until today [2, 3, 4, 5, 6]. Post Darcy’s filtration has many technical
applications, as it follows: in the hydraulic of permeable bed rivers [7], in medicine [8], flows within permeable
hydraulic structures [9], movement over permeable walls [10], fluid raw material extraction [11], dispersing
polluting substances within built areas, oxygen and carbon dioxide exchanges in vegetation zones, forest fires
propagation [12], in the drain and well filters, packed bed reactors computation [13], etc.
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2. CAPILLARY TUB MODEL OF FILTRATION

Capillary tubes model of the permeable media considers that bed void is formed as a set of cylindrical
small diameter equivalent curved tubes within which the loss of head occurs like in circular pipes, having
equivalent roughness equal to the fictive tubes diameter (Fig. 1) [1, 3, 4, 13, 14, 15].

Fig. 1. Scheme of the capillary tub model of permeable medium [3, 16, 17]

The parameters of filtration on micro scale: real velocity - V, tortuosity - 7, the measure of fictive diameter
of pores - d and the friction factor 4 through macro scale experimental measurements are obtained. The macro
scale pressure gradient - Ap/ L, in function the superficial velocity V, on infiltrometer, together porosity - n is
measured.

Considering the pressure drop due to viscous friction (after Poiseuille relationship) and due to the inertia
through the tubes of the model, that are working in the rough pipe zone (k, = d), relationship (2) can be brought
to the form [4, 15]:

2
(1=n)

3
n

Ay UA,
0
where Ap/L is the hydraulic gradient, V,, — the superficial velocity, 7 — tortuosity, u — the dynamic viscosity,
A, — the specific dynamic area, n — porosity and p — the liquid density.
The walls’ effects on results have to be corrected [4].
In the neighborhood the infiltrometer wall the roughness of the tubes of the model is considered

k, =d /2, then resulting the corrected factors of equation (4):

1_
+0.0968-z'3pAdn—3nV0 =N+M-V, @)

2
) (1-n)* 4
N =27°uA 1+
Hoa n’ A,D(1-n) ©)
d,Y d,Y -
M*=10.0413 1—[1—%] +0.O968[1—3p] T A, p1 3”} (©6)
n

where D is the infiltrometer’s diameter. For acceptable accuracy results, D/d, >10 condition has to be satisfied

[4].
After computation parameters A, and 7, using equations (5) and (6), the diameter d of fictive tubes, the
friction factor A and the microscopic Reynolds number will be determined:

4n

d=—"1_
A, (1-n) @
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3

Ap n
4 = 2( = —_—
/ L 2p7*(1-n)AV,} ®
Re,, =242T ©
U n

3. EXPERIMENTAL EQUIPMENT

The experimental equipment contains a vertical cylindrical infiltrometer, with upstream and downstream
fixing permeable walls Fig. 2., Photo 1 and 2 [2, 16, 17].

%R XR
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|
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[ ——

Backwashing

P 1- Plexiglass Filter Dn 30 mm; 2 — Permeable material;
3 - Sieve; Py...P;g — Pressure plugs; BO — Output
Py backwashing; BI — Entry backwashing; R — valves;
Ps F,, F, — Flowmeters; T — Temperature sensor.

Feed

< < Fig. 2. Vertical infiltrometer under pressure
tank AR AR

% .

Filter

Pump Dn 30 mm

Photo 1. General view of the equipment Photo 2. General view of the equipment
Plexigla with pressure plugs
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The sand is contained in a plexiglass column (inner diameter of 30 mm) and the pressure measurements
were carried out, using differential pressure sensors DeltaBar (ENDRESS and HAUSER), on different sections
10 cm in length ([P1-P2]; [P2-P3].....[P9-P10]). The pressure sensors can perform measurements on nominal
measuring range from 0 to respectively 25, 100 and 500 mbar with an accuracy of 0.1% from the top of the
scale.

4. SAND CHARACTERISATION
Silica sand with different size distributions was used as filter medium, its chemical composition is given in
Table 1. Measurement techniques for characterization of particle shape have developed with time in many
application areas, in basic research and for industrial purposes. Sieving is a classical method for measuring

grain-size distributions. However, the method is not suitable for the fine fractions.

Table 1. Chemical composition of the sand used

SiOZ A1203 CaO MgO F8203 NaZO KzO SO3

87% 6.61% 0.11% 0.07% 0.25% 1.10% 3.51% 0.03%

In this study, sand was first sifted, and image analysis was used to measure various grain dimensions such
as the mean diameter. For each type of sand, hundreds of particles were observed and images were recorded by a
CCD camera. The image obtained is processed using commercial image analysis software (OPTIMAS 6-
Bioscan). The number of particles studied is rather important to represent the whole sample, the criterion chosen
to estimate this number is based on the calculation of the standard deviation which must be stabilized.

Grading parameters are reported in Table 2 and Photo 3. In our calculation, the equivalent mean diameter
of the grain is defined as the geometrical diameter of a sphere that has the same surface as the particle.

Table 2. Geometric characteristics of sand obtained by image analysis

Sand d, pin (Mm) dy ay (Mm) dy mean (MmM) Number of measurements
1 0.038 0.589 0.392 39
2 0.129 1.238 0.699 39
3 0.066 1.405 0.974 39
4 0.350 3.020 1.820 39

Circularity values were calculated from 2D sand images. The circularity is defined as the ratio of the area
perimeter length (P) squared divided by the surface area (A) (i.e., C = P/ A). This is a dimensionless number
with a minimum value of four pi (12.57) achieved only for circular boundaries (the value is 16 for square
boundaries and 20.78 for equilateral triangular boundaries). Circularity values of sand grains are ranged from 14
to 21 with a mean value close to 16. Thus, sand particles used in this study are non-spherical with a pseudo-cubic
shape.

dg mean 0.392 mm dg mean 0.974 mm dg mean 1.820 mm

Photo 3. Sand used in experiments
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5. RESULTS AND SIGNIFICANCES

Loss of head measurements in a function the superficial velocity, expressed in relative hydraulic gradient -
AP/ LV, = f(V,) are presented in Fig. 3 - 6.

3 OP/LVo (Pam-2s)
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Fig. 3. Experimental relative hydraulic gradient for d, = 0.392 mm
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Fig. 4. Experimental relative hydraulic gradient for d, = 0.699 mm

AP/LVvo = f(Vo)

3.0F+06
PP
2.5E+06 JPPTE S oo
s e
2.0E+06 — ==
//'/
1.SE+0O6
Sanddg 0.974 mm
1.0E+06 n=0.407018
AP/LVo = 26425065.2882 Vo + 1596562.2440
5.0E+O5 RZ = 0.9765
0.0E+00 T T T T d
Q.0F+00 1.0F-02 2 .0F-02 3 .0F-02 a4 .0F-02 5.0F-02
Vo (m/s)

Fig. 5. Experimental relative hydraulic gradient for d, = 0.974 mm

AP/LVo = f{Vo)

2.5E+06
2.0E+06
1.5E+06 = =
Sanddg 1.820 mm
1.0E+06 n=0.393786
AP/LVo=16600415.9181 Vo + 1128074.8765
5.0E+05 RZ=0.9719
0.0E+00 T T T T 1
0.0E+0O0 1.0E-02 2.0E-02 3.0E-02 4.0E-02 5.0E-02
Vo (m/fs)

Fig. 6. Experimental relative hydraulic gradient for d, = 1.820 mm
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The hydraulic gradient AP/L for the experimented permeable material with respect superficial velocity Vo
corresponds to Fig. 7.
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Fig. 7. Hydraulic gradient in the superficial velocity function for sand

Other computed hydraulic characteristics refer: M and N parameters of (4), M "(5) and N* (6),computed for
Ah = Ap / y with determinating coefficient R, specific static and dynamic surfaces A, A,, tortuosity 1, diameter of
fictive tubes d, (7), mean velocity in the pore v, pores Reynolds number Re,,., (9), and friction factor f, (8).
Experimental conditions and part of determined hydraulic characteristics are presented in Table 3, without wall
effect and Table 4, with wall effect.

Table 3. Filtration parameters through homogenous sand without wall effect

dg Mx 107 Nx10° n 0 T Aq As dpore x 107
(mm) (SI) (SD (°C) (m™) (m™) (m)
0.392 4.048 3.282 0414 | 21.6 | 1.664 | 11006 | 15306 0.257
0.699 2.954 1.920 0398 | 21.6 | 1576 8125 8584 0.325
0.974 2.643 1.597 0.407 | 217 | 1.589 7736 6160 0.355
1.820 1.660 1.128 0394 | 21.6 | 1.340 7177 3297 0.362

Table 4. Filtration parameters through homogenous sand with wall effect

dg M x 107 N x 10° n 0 T Aq A dpore x 107
(mm) (SD (SD (°C) (m™) (m™) (m)
0.392 4.055 3.501 0414 | 21.6 | 1.668 | 11112 | 15306 0.254
0.699 2.959 2.047 0398 | 21.6 | 1.595 8071 8584 0.327
0.974 2.647 1.702 0407 | 21.7 | 1.618 7621 6160 0.360
1.820 1.663 1.001 0394 | 21.6 | 1.457 5999 3297 0.433



me
Line


Ovidius University Annals Series: Civil Engineering, Issue 14, 2012 169

Friction factor, f(8), in a pore Reynolds number function, Rep, (9) for all experimental diameters Table 2
is draw in Fig. 8.
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Fig. 8. Pore friction versus pore Reynolds number

6. CONCLUSIONS

In certain situations it has been seen that flowing of liquids through porous media occurs within the post-
Darcy domain. The real filtration phenomena are approximately satisfied by the thin tubes geometrical model
and are able to solve engineering problems. In the case of post-Darcy flows, besides head losses due to viscosity,
certain inertial losses also occur, losses that must be taken into equation for hydraulic calculations.

The proportion in which viscous and inertial losses contribute to the total pressure losses can be determined
from equations (4), (5) and (6), in function of the Reynolds number computed for the fictive tube diameter d and
for the velocity of fluid within them, v. The term 64/Re,,,. within equation (8) is the viscosity’s contribution, and
A is the inertial contribution to the total head losses.

The filtration can be considered a Darcy type filtration for Re,,. < 0.89, when inertial losses are reaching
about 1% of total losses. The domain of weak inertia corresponds to Reynolds numbers 0.89 < Re,,,. < 4.3, at
upper limit the inertial losses reaching up to 5% of total losses. Calculations, in this domain too, can be
performed with the Darcy equation. The domain of high inertia (the Forchheimer domain) occurs for
4.3 < Rey,,r < 180, when inertial energy losses are reaching (5 - 69) % of total losses. These three domains,
together, belong to a laminary flow regime. The domain for the transition regime extends for 180 < Re,,.. < 900,
the proportion of inertial losses reaching (69 - 92) %. Starting at a Re,,,=350 - 450 local turbulences within
pores already start to occur. A turbulent filtration regime is defined for Re,,,. > 900.

APPENDIX

a — coefficient, m™-s' Repor— pore diameter Reynold’s number, dimensionless;
2.
3.

b — coefficient, m> s f— friction factor, dimensionless;
¢ — coefficient, m>-s’; Ap — pressure drop, Pa;

d, — gravel diameter, m; V — mean pore velocity, m-s’;
dpore — pore tub equivalent diameter, m; Vi — superficial velocity, m- s
k. — equivalent roughness, m; A — cross section area, m>;

n — porosity, dimensionless; M, M"- coefficient, Pa-s*>m™;

A4 A, —dynamic and static specific area, m™'; N, N* - coefficient, Pa-s-m;


me
Line


170 Ovidius University Annals Series: Civil Engineering, Issue 14, 2012

Greek Letters

o — coefficient, m™-sP; v — kinematic viscosity, m*-s™;
p — coefficient, dimensionless; 1t — dynamic viscosity, Pa-s;

y — unit weight, N-m; p — density, kg-m;

A — Darcy-Weisbach coefficient, dimensionless; 7 — tortuosity, dimensionless;
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Thailand Flood 2011: Causes, Lessons Learned, and Future
Conceptual Plan

Chaiyuth Chinnarasri

Abstract — During July to November 2011, severe flooding was experienced over vast areas of
northern and central Thailand in the Chao Phraya River basin, including Bangkok and its suburbs. The
economic damage and number of people affected have been termed the worst disaster in Thailand. It was
caused by the combination of excessive rainfall, poor reservoir operation, policy conflict, and wrong
decision making by the governmental sectors. After the flood, the government setup a strategic committee
to draft a conceptual plan for flood warning, prevention, flood fighting, and mitigation. However, the
current implementation of the government policy does not make this clear to the public. In this paper, the
causes and lessons learned are reviewed. The future conception plan is presented. The policy and water
management of both normal and crisis situations are discussed to improve the implementation.

Keywords — Conceptual plan, lessons learned, severe flood, Thailand flood 2011.

1. INTRODUCTION

Thailand is a Southeast Asian country located in the tropical zone within latitudes 5°30'N to 20°30'N and
longitudes 97°E to 105°E. There are five regions, i.e. the north (mountainous), Central Plain (Chao Phraya River
basin), Khorat plateau, Eastern uplands, and the Southern peninsula as shown in Fig. 1.

The Chao Phraya River basin is the largest and the most important for land and water resources
development. It is located in the north and central regions of the country and occupies about 35% of the total area
of Thailand. The annual rainfall in the basin ranges from 1,000 to 1,400 mm. The tropical climate is based on
two major wind systems; the northeast and southwest monsoons. The northeast monsoon occurs in the dry cool
period from November to February. The southwest monsoon occurs in the wet period from May to October. As
well as monsoons, these areas are subjected to tropical storms, which mostly originate in the South China Sea.
About 90% of the annual rainfall occurs during the wet period, causing heavy floods. The total volume of
available runoff is estimated at 31,300 million cubic meters per year [1].

The Chao Phraya River basin consists of eight river basins including Ping, Wang, Yom, Nan, Chao Phraya,
Sakae Krung, Pa Sak, and Tha Chin, covering an area of 158 thousand square kilometers. It can be characterized
geographically into upper and lower basins. The upper basin is mountainous while the lower is floodplain and is
well suited for rice cultivation. The average annual rainfall is 1,300 mm while the average annual runoff is
33,123 million m® [2]. The direction of flow is mostly from the north to the central plain and finally to the Gulf
of Thailand. Two important multipurpose dams, the Bhumibol and Sirikit dams, are located in the upper basin. In
the lower part of the river basin, flood protection systems such as dikes, polder systems, flood barriers, and
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pumping stations are constructed to protect Bangkok (the capital of Thailand), which is located in the lower
floodplain.

During July to November 2011, the Chao Phraya River basin suffered from severe flooding, which caused
flash floods in many industrial estates in the suburbs of Bangkok. The damage from this flooding was estimated
to be more than 10 times that of the previous flooding, especially in the industrial sector [3]. The objectives of
this study are to analyze the collected available data to summarize the causes and the impact of the flood. The
lessons learned from flood fighting and the future conceptual plans proposed by the government are reviewed.
Some alternative recommendations are also suggested.
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Fig. 1. Map of Thailand and Chao Phraya River basin

2. CAUSES AND LESSON LEARNED FROM THE2011 FLOOD

The causes of the 2011 floods came from three main sources: climate change, human intervention, and poor
flood fighting management and operation. As concerns the role of climate, 5 tropical storms hit Thailand, which
was more than the annual average of 3. These storms hit the northern and some parts of the central plains. They
started from Haima on 25-26 June (came early than normal), Nock Ten on 31 July-1 August, Haitang on 27-28
September, Nesat onl1-2 October, and Nalgae on 3-5 October 2011 (see Fig. 2).

Therefore the amount of rainfall in 2011 was higher than in the past. The unusual total amount of rainfall in
northern Thailand was about 39% higher than the average rainfall in that area. A comparison of the amount of
rainfall in the north between 2011 and other flood years is shown in Fig. 3, while the total amount of rainfall in
central Thailand was about 22% higher than the average amount in that area. The excessive rainfall was
attributed to the 5 tropical storms from the South China Sea hitting Thailand, compared to the 2-3 storm hits on
average. The two big dams on the Ping and Nan river basins were filled to capacity within 2-3 months. The
excessive water flowed from the north to the central plains and overflowed the river banks in Sukhothai province
due to narrow blocks of Yom River. The combination of damage to hydraulic structures, irrigation gates, and
flood barriers resulted in widespread flooding from the central floodplains down to the lower floodplain. When



Ovidius University Annals Series: Civil Engineering, Issuel4, October 2012 173

the flood reached the river deltas, tidal fluctuation at the river mouth affected the drainage of the river flow into
the Gulf of Thailand. This effect prolonged the period of flooding, especially in the coastal provinces, including
Bangkok.
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Fig. 2. The route of the tropical storms during late June to beginning of October, 2011
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Fig. 3. Amount of rainfall in the northern part of Thailand for serious past floods

During the past three decades, human activities have changed the natural conditions due to the rapidly
increasing population. Deforestation in the upper river basin has increased the flood peak and reduced the lag
time between rainfall and runoff. Construction of roads without sufficient culverts has obstructed the passage of
inland flood flows and increased flood water levels. The increased flood flow is a result of housing construction
in floodway zones, public areas, and along river/canals, due to the lack of a master plan for land use zoning. Law
enforcement could not be applied because the politicians did not want to lose votes. In addition, a large amount
of wetlands have deteriorated and been trespassed upon by both the private and public sectors. About half of
these wetlands have been turned into agricultural and settlement areas. The remaining available wetlands such as
rivers, canals and hydraulic structures have reduced their flood flow or water control capacity. Due to the



174 Ovidius University Annals Series: Civil Engineering, Issuel4, October 2012

unexpectedly high water levels, dozens of irrigation structures successively failed during the flood, resulting in
flash floods in many places downstream of those structures.

The unusual amount of rainfall flowed into the reservoirs in northern Thailand, raising the level of the
reservoir water in the big dams in the upper river basin in mid-September 2011. However, it was found that the
reservoir operations were very poor. The water was still held in the reservoirs because the authorities didn’t want
to release much water downstream, where the paddy fields of the central floodplain had not yet been harvested.
Unfortunately, when two storms hit the central plain in October (Nesat and Nalgae), people in the lower
floodplain therefore suffered from the full amount of water released both from the upstream reservoirs and by the
heavy rainfall from the storms. An example of the reservoir operation of the Bhumidol dam is shown in Fig. 4.

The last major cause of the 2011 flood was the poor flood fighting management and operation. There was
an ineffective flood forecasting and warning system. The accuracy of weather forecasting is less than 65% for 7
day forecasting. The government announced incorrect information to people and the private sector, including the
industrial sector, in the lower floodplain and delta. Therefore, people and the private sector were not sufficiently
aware and had little time to protect themselves, setup flood barriers, or even evacuate before the flood reached
them. This created a panic situation for people living in Bangkok and its vicinity. Nobody could answer the
questions “will we be flooded?” or “how deep will the flood be?”. It was ironic that even the ad hoc action centre
setup by the government to take care of flood victims had to move its temporary base for rescue operations twice
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Fig. 4. Reservoir operation of Bhumibol dam

Over 800 factories in 7 industrial estates established in the flood plains and low-lying areas were affected.
Labourers and workers were at risk because many factories were closed. Production of computer hard disk
drives, automobiles, electrical circuits, and electrics for global export was interrupted for a few months. Japanese
companies such as Toyota, Hitachi, and Honda, which have plants in Thailand were also affected. The
production of a few hundred thousand cars was abandoned for some months. Some factories considered moving
to other countries. The forecast of the country’s economic growth was reduced from 4.1% to 2.6% by the Bank
of Thailand [4]. The cost of the disaster has been estimated at more than US $ 45 billion [5].

The rainfall forecast announced was not accurate, the flood prediction system was incorrect and there was
no real-time warning system, so the affected people were not aware of the situation and did not have time to
prepare protection or evacution in time, resulting in panic in many areas. Some academic sectors have tried to
predict flood conditions, but due to a lack of topographic data and flow conditions both upstream and
downstream, the simulation results were found to have limited accuracy. However, surprisingly, a web-based
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flood information system was introduced during the 2011 flood and area-based data was shared to give almost
real-time flood information.

Some of the flood barriors were destroyed by the people living in areas outside the flood protection area in
the hope that this would reduce the flood water level in their areas. There was also conflict between local
administrative authorities wanting to protect just their own areas without considering wider problems. The Prime
Minister, who failed to take action in her capacity as the single command authority. The flood fighting system
was therefore unsystematically applied depending on each local administrative authority.

3. FUTURE CONCEPTUAL PLAN PROPOSED BY THE GOVERNMENT

The government of Thailand set up a Strategic Committee for Water Resources Management (SCWRM) to
formulate a master plan for sustainable water resource management for both urgent and long term measures in
order to ensure the continuity of the country’s development even with future drought and flood [2]. The
government of Thailand also set up two committees: the National Water Policy and Flood Committee (NWPFC)
chaired by the Prime Minister and the Water and Flood Management Committee (WFMC), chaired by the
Ministry of Science and Technology as shown in Fig. 5.

The duty of the NWPFC is to i) formulate policies for water management and guidelines on the water
management action plan and ii) make recommendations to the cabinet on budgets, loan management, and all
work relating to water management. The SCWRM provides advice and recommendations on short and long term
measures for the NWPFC. The duty of the WFMC is to i) formulate a water management action plan, ii)
develop, review, and approve work plans for related agencies, iii) formulate work guidelines for the authorities
involved, and supervise relevant agents, and iv) exercise the authority it is given to order state agencies to
comply with the work plans.
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Fig. 5. Mechanism for flood relief, rehabilitation, and prevention

The WFMC has been drafting the terms of reference (ToR), which were adapted from the master plan on
sustainable water resource management. The WFMC has a plan to select and hire a world-class flood prevention
consortium and experts. In the conceptual action plan for integrated and sustainable flood mitigation in the Chao
Phraya River Basin, the measures include structural and non-structural systems, with a total budget of US $
9,700 million [6]. The action plan comprises 8 work plans, as shown in Table 1.
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Table 1. The action plan in the Chao Phraya River Basin [6].

No. Work plan Aim Project example

1 Restoration and | 1. To restore watershed forests | 1. Soil improvement and conservation in
conservation of along the river basin where the upper river basin by reforestation
forest and water is retained. and rehabilitation of forest areas in the
ecosystem . To develop additional water river basin in Ping, Wang, Yom, Nan,

reservoirs according to the Sakae Krung, Tha Chin, and Pa Sak.

capacity of the areas. . Reservoir construction in Yom, Sakae
. To develop a land use plan that Krung, Nan, and Pa Sak basins.

fits with its socio-geographical

conditions.

2 Management  of | 1. To improve the efficiency of the | Formulation of a water management plan
major water country’s water management | in major dams and water management in
reservoirs and system and main dams. various scenarios, as well as dissemination
formulation of | 2. To develop a water management | of related information to the public.
water management plan for major water reservoirs

in various scenarios.
. To disseminate water-related
information to public.

3 Restoration and | 1. To prevent and mitigate the | 1. Construction of floodways or water
efficiency impact of floods by renovating, channels, roads, and dams and
improvement  of improving and preparing improvement  of  water  dikes,
current and existing  buildings, physical reservoirs, water drainage and water
planned  physical structures and instruments to be gateways in order to divert waters from
structures ready for efficient use. Pa Sak and Chao Phraya Rivers to the

east or west efficiently.

. Land use zoning and land utilization
including setting up an area protection
system.

. Improvement of the quality of water in
the main water channels and the
remaining dikes.

4 Information . To provide necessary | 1. Establishing the database system,
warehouse and information on water forecasting system, and warning
forecasting and management. system.
disaster ~ warning | 2. To create an efficient disaster | 2. Setting up the institution, rules and
system warning system. regulations and enhancing public

. To establish a united disaster participation.
warning entity.
5 Response in | 1. To build the capacity to prevent | 1. Develop a system of flood prevention

specific areas

and mitigate the impact of
floods by developing systems of
flood prevention and mitigation
in important areas.

. Negotiation with

and mitigation in important areas.

. Set up a system of instrument and tool

warehouses.
flood-affected
communities.

. Treatment of water polluted due to

flooding.
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Table 1.The action plan in the Chao Phraya River Basin [6] (contd).

No. Work plan Aim Project example

6 | Assigning  water | 1. To mitigate the impact of | Improving/ adapting irrigated agricultural
retention areas and floods. areas into retention areas of around 3,200
recovery measures | 2. To support  the  water | km? comprising irrigated agricultural

management plan in the flood | areas in flood plain areas so as to be able
plain, Bangkok, and its vicinity. | to grow a second rice crop.
3. To provide proper and
systematic assistance to victims
in water retention areas.

7 Improving  water | 1. To set up an integrated water | 1. Setting up the task force committee for
management management organization as a action plan management during crisis
institutions permanent single command periods.

authority that can make fast | 2. Setting up permanent integrated water
decisions during a crisis with all management organizations.
related agencies involved.

8 Creating To set up a water management | Increasing public awareness of the
understanding, organization in targeted areas with | progress in water management carried out
acceptance, and | collaboration among partners. by the public sector, as well as
participation in encouraging people’s participation in
large-scale  flood water management.
management from
all stakeholders

4. DI1SCUSSION AND RECOMMENDATIONS

As mentioned in reference [7], anticipating, educating, and informing are the keys to reducing the deadly
effects of such natural disasters. Unfortunately, such activities have not been given priority. However, the 2011
flood disaster showed a greater risk of vulnerability because the agencies could not accurately estimate the
enormity and extended period of destruction from the flooding [8]. Given that it was the responsibility of the
government, it clearly failed in its role of setting up an ad hoc action center to help flood victims during the 2011
flood. The structure of command was loose; there was a lack of specific procedure, a lack of remedies, and no
legal support. A number of staff were appointed to take care of flood operations. However, many of them lacked
knowledge and experience and were not qualified for the emergency mission.

The existing act on disaster prevention and mitigation (2007) could not be put into practice, even though
the operational processes for dealing with a disaster to clearly and promptly fix the problem were defined in the
act. The Prime Minister could be empowered by the act (2007), which put a system in place in order to reinforce
her role as the single commander.

The current implementation of government policy does not make it clear to the public whether they will be
saved from possible flooding in 2012. Will the government be able to deal with a disaster? The current
implementation still lacks clarity in government policy. Which agency is responsible? Which part of the budget
will be used for the operation?

The plan issued by the government must be clearly and widely understood at the national, provincial, and
local levels, without any political distortion of data and information.

The technical terms and different standard units used proved difficult for the public to recognize and
understand. Links are needed between local regions so that communications can be distributed evenly and
quickly, providing news so that the people affected can prepare themselves for flood fighting, flood protection,
and even evacuation via the transport logistics provided. Coordination and collaboration between the public and
private sectors, including volunteers, were found to be very important during the flood event. The coordinator
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may request financial support from the various organizations involved, and the government should therefore take
action as the center of the mission. The roles and responsibilities of the agencies involved in water management
in both normal and crisis situations must be clear. Duplication of agency responsibilities must be avoided.

There is a need to strengthen the community level to take care of themselves in a crisis situation, to be
aware of their need to participate, and to assume responsibility for themselves, encouraging public awareness of
the need to make sacrifices and work together to contribute to society.

Town and city planning was found to be out of date. Industrial estates, economic areas, and residential
buildings were settled in the floodplains and flood-prone areas, and were blocking the flow of water. The
traditional Thai lifestyle of living with water, such as by using stilts to raise buildings, was cast aside. It was a
mistake to consider only short term benefit without a view to sustainable development. The use of land for
building that might create a barrier to the water flow must be restricted. The continued development of towns or
the establishment of factories in the wrong locations must not be allowed; otherwise, a mega flood will certainly
occur again soon.

5. CONCLUSIONS

It was clearly seen that the 2011 flood disaster was not simply the result of heavy rainfall or poor reservoir
management, but also resulted from the failure to prepare for disaster management and crisis operations. The
government must revise the existing act on disaster prevention and mitigation (2007), which provides for the
operational processes needed to deal with a disaster. The plan issued by the government must be clearly and
widely understood at the national, provincial, and local levels, without any political distortion of data and
information. Town and city planning should be revised to address land use, flood prone areas, wetland areas, and
floodways, restricting the use of land for buildings that act as barriers to the flow of water. The continued
development of towns or establishment of factories in the wrong locations must not be allowed and some may
need to move out; otherwise, another mega flood will certainly occur again soon.
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Attenuation of flood waves through a reservoir. Cas Study in
Fizes watershed.

Pisculidis Gheorghle Biali Gabriela2

Abstract — Through the attenuation of flood waves in theseaccumulations, both the direct and
indirect damages are avoided. This paper also anags the role of fishing in artificial reservoirs, hus
managing the significant corroboration of the mininum fishing level for increasing the attenuation
volumes. As a result of routing a flood wave throulg the Taga Mare storage, the computed outflow value
is 25.69 ni/s for an inflow of 31.3 ni/s and achieving a value of the attenuation coeffent of 0.144.

Keywords —flood wave, attenuation software, stock pond.

1.INTRODUCTION

Accumulations represent the fastest and most effica way of flow rates regularization, regardihg t
water uses they comply with their requirements thest, and regarding the fight against the floods,
accumulations present the advantage that theyamtnot the flood flows from concentrated points.[1]

Accumulations represent the works of water managemich ensure the modification of the temporary
regime of water flows by retaining a part of thélaw in certain periods and increasing the deflaxother
periods. In this sense, we consider as accumukatitie set of artificial lakes and ponds createdhenwater
courses, the non-permanent retentions for floodated both on the water course, the non-permaagaitions
for the floods achieved both on the water courses laterally (attenuation enclosures), the natyreieated
lakes so that the flow regime downhill and thedliins retention works on the torrents can be maoha@g.

The accumulations from the meadow area have barafgemall heights and large lengths usually built
from earth and present the advantage that theyesrethe populated centres and the irrigated lands.

But also the disadvantage that they require laagyeage lengths and have great water losses thritiggh
evaporation and infiltrations; for attenuating fifeod waves in the meadows of the large rivers fecpeate
accumulations through banking, called polders llaae the shape of floodable enclosure compartments.

If we refer to the accumulations placed on theaa@frunning waters, then we ascertain that theyater
management establishments that create aggradatidesels and at the same time modify the distitrutin
time of the river flow rates where they are sitdateough the water volume that they retain [2].

Thus, within a hydrographical basin, the accumatati achieve two types of modifications of natural
conditions and namely: the modification of the lswend the modification of the flow rate regime.

2.LOCALIZATION OF RESEARCHES

Later, the artificial lakes also appeared. In tintes number of lakes fluctuated and it was detegchiby
optimal natural conditions (impermeable sub laystmanent flow on the main valleys, small longitadi
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backfalls, relatively flat floodable meadows, opgintemperatures etc.), of religious considerati@msuring the
food — the fish — for the long posts), of economéeds (hemp melting plants, crushing mill, fishery)

Today, the majority of lakes are positioned aldmgytivers Fizes and Bent Brook.

Fizes River has a total length of 40 km. The postdslied are situated on the main course in thei Rafin
affluent and Ghiolt right affluent, in the middlector of the river. In this area, the valley is dwterized
through the minor bed dug in its own alluviums, fleedable large meadow with local contractiongyvemall
longitudinal backfills, less significant tributasiéthe most important is Sucioas).

The 3 ponds have different ages. Without a ddlldga Mare is one of the oldest ponds from Transydan
Field.

In the Fizes catchment, 11 ponds are positionethenmain tributary systems (Catina, Taul Popii, Sf.
Florian, Geacal, Geaca2, Geaca3, Sucutardl, Sd2ufeega Mare, Taga Mica, Ghiolt), and a few lakeson
the affluents (Rosieni on the Ciortus valley, Namalthe Sucioas, Santioana and Santejude on theaBay,
Stiucii on the Bontului valley), (fig 1). The stogonds from Fizes Valley have been executed onastthef
lakes and existent ponds (Taul Popii, Geaca si)Tlag@veen the years 1953 and 1985.
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Fig. 1. Hydrographicaly network ibasir of Fizes (position of the acumulation lak).

3.RESEARCH METHOD

For understanding the manner of attenuation offlded waves in an accumulation, we must know the

constructive composition and the functioning of tégpective accumulation.
The attenuation of the flood waves in a given aadation is influenced by the following elements:

The curve of the lake capacity V=f(2);
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The characteristics of the wasteways=f(Z), gp=F(2);

The level of the water in accumulation at the monwénhe outrush production.

The manoeuvres of the high waters wasteway regglagate, if they expire.

Taking into account these elements, the attenuatdculations can be made taking into account wdiffe
hypotheses of accumulations functioning. They canhpotheses of functioning in a normal situation o
functioning hypotheses in an accidental situation.

In the case of permanent accumulations:

- The lake is full at the maximum quota of the nalmetention level and the wasteways function at th
maximum capacity (normal hypothesis of functionjng)

- The lake is full at a smaller quota than the maxin quota of the normal retention level as a resfutlhe
consume or an intentional pre-discharge; the wastewunction at the maximum capacity (the favowabl
functioning hypothesis)

- The lake is full at a larger quota than the maximquota of the normal retention level because of a
previous outrush or the erroneous exploitation;viasteways function at the maximum capacity (tredsntal
functioning hypothesis) .

The frontal accumulations modify the hydrographhef flood wave from the basic area.

The calculation hypotheses will be established ngkinto account the most difficult situations of
accumulation functioning without exceeding the oiton probability and normal check. Their simidatin
attenuation calculations is achieved by constrgctine wasteways characteristics in accordance whiéh
simulated hypothesis.

When passing through a frontal accumulation, a phthe volume of the flood wave is stocked in the
accumulation lake, and a part is evacuated thrahghsurface wasteways or through the bottom digehar
(figure 2)

If the volume of the flood wave is high and thedkeof water in the accumulation lake exceeds treajof
the high waters wasteway, then a part of the volefmthe flood wave is evacuated through the highevea
wasteway.

Q \ 1 - the natural flood wav
(ms) 2 —the attenuated flood wave
Qns 1 3 —accumulated volume
4 — evacuated volume
3 Qp — evacuated flow rate through the
surface
Q'max wasteway
Qo &—

to

Fig. 3. The effect of frontal accumulation on the floodve

When the level of water in the lake reaches theimam quota, the maximum flow rate of effluent is
achieved Qnaxand the maximum flow rate in natural regimg,.(Jequation 1). Th@ attenuation degree is the
ratio between the difference of the natural anduefft maximum flow rates Q, - Q'max and the natural
maximum flow rate Q.
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The water volume stocked in accumulation is intkgravacuated downhill (\W=W',). The maximum
flow rate is displaced in time to the natural ot2tf), and the total duration of the outrush is muagbr than
that of the natural outrush ;).

The attenuation achieved in a frontal accumulatiainly depends on the volume of the flood wave in
natural regime and less on the value of the maximatural flow rate.

The passage of flood waves throubdga Mare accumulation (fig. 3) leads to their attgion achieving
in the downhill barrage sections much smaller aid¢ed levels and flow rates than the flood wavesdhat lead
to the diminishing in a great extent of the pot@niamages that could be produced in the lackesfelworks on
the water courses. In addition, the existence afseéhaccumulations leads to the much more reduced
dimensioning of hydrotechnical works downhill besawf the attenuations in the lakes. Through ttenahtion
of the flood waves in these accumulations bothdihect and indirect damages are avoided: the didteotages
representing the value of destructions of the dawag objectives affected and the value of expensee with
the intervention operations for defending the egeaed areas, of evacuation and helping the poputathe
indirect damages given by the losses registeréukirconomy.

LEGEND

. Simple monk
Frontal accumulation barrage Taga Mare P

Overflow for high water 2 x 7.00 m Communal road DC23

Overflow for high waters L = 53.00 m County road 109C

Pumping stations 1 and 2 Fishing fence

$
Piscicultural exploitation level 291.35 m \K
%,

%

Fig. 3. Taga Mare accumulation, Fizes hydrographic basin
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4.CALCULATION / SIMULATION PROGRAM. RESULTS OBTAINED.

The research method approached in the presens isasie graphic-analytical methods of attemptss
based on knowing the following elements: the hydapy of the affluent flows in the calculation senti Q=f(t)
; the superior part of the lake’s capacity curvd aamely W=f(h), taking into account that the lake is fulltiin
the overflow level (NNR) ; the rating flow £f(h), built when we know the length of the ovewilogiving
values to “h” and calculating the ¢Q; the key of the bottom discharge=¥h), built when we know the section
of the bottom discharge and the depth of the weightre of the section; from the last three curttes,curve
Que=f(Wayy) is built.

The calculation operations are presented in tHeviihg manner:
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- the duration of the outrush is divided in tinmtervals At” whose value is chosen according to the
precision desired

- it is considered that the outrush finds the I&Keuntil the crest of the overflow (NNR) and tlhettom
slide valve is closed (blocked), although the laktenuation capacity is formed of the own attermmagverflow
volume (W)

- we aim at the construction of the hydrographftiient flow rates (the blue interrupted line), icin, at
the intersection with the affluent flow rates hygi@ph gives us the value of;R, and the surface comprised
between the 2 hydrographs represents exactly Hretsed W .

4.1.PRIMARY DATA OF PROGRAM ENTRY

Fen = 283 knf —surface of the reception basin

k = 0,28 ni/s — transformation coefficient of the rain intepsi

a = 0,40 — the global reduction coefficient

le0.107= 115 mm/hour —the maximum hour intensity of thie kaith the exceeding probability 1 %

n = 0,50 — reduction coefficient

Pcalculation= 5% ; Rerification = 1%

Q1 = 216,293 ni¥'s

Om = 2,83 nils

We will continue to present the results of the datian with the program used in this applicatiooftware
Mathcad 14.
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Fig. 4. The hydrographs and the volumes of outrushesdga™are accumulatic
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Fig. 5.The hydrographs of the outrushes and the flow reitasacteristics for the Taga Mare accumulation

4.2.CALCULATION OF FLOOD WAVES

Volp,. Cota
Cotaling, (vx) := linter ac!J!_wr_)c_ m
mdM 3
hm hm
i [ Voljae Cotajge | Voljpe Cofapye oy
Cotaps),(vx) = interp| pspline] 4 Lo

L]

hm3 mdM hm3 mdM hm3
vxi= Ohm",0.0001hm” . max(Vol1ac) Cota,, =282.55m
. Cotalac VOliaC hx 3 NNR = 282.64m
Vollac(hx) ;= linter ——— == | hm
mdM hm3 mdM Cotacronament = 284-87m
b= min(Cotalac),min(Cetalac) + 0.tmdM.. max(Cotalac) C‘:’tagolire =2799m
Vix:= ll](][)hm3 Compregolire = NNR
Given
Cotaling, (V1x) = Cmapregolire

Vixc := Minerr(V1x)

3

Vixc =2.31-hm Vlvi = Vixe ~ Uhm3 VZVl = Vixe - (]hm3 V3v] = Vixe - ()hm3

The interpolation is linear and the spline typeapatic of the accumulation characteristics
{COta{aC = f(VO|Iac)}-
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The flood waves (calculation and checking
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Fig. 6. The flood waves (of calculation and checking)Tfaga Mare accumulation

4.3. THE ATTENUATION OF THE FLOOD WAVE IN THE LAKE

We will determine the aspect of effluent waves aftjlen we know the dimensions of the overflow, the
variation of the volume in the lake according te treight and the hydrographs of the affluent flates.

10 Td,

40

hr

h [m]
Flow ( m°/s)

Time ( hn
— h(t) for theflood verification P veiification = 1%
= Crest Ordam P calculation = 1%
—— Overflow crest
—=- NNR H|_1- Crestof dam= -187
..... Affluent flow ~e
_____ Effluent flow

Fig. 7. The evolution of the water quota in Taga Marelak

Based on the entry data, we draw up the graphsecfalculation outrushes as follows:
- we will analyze the attenuation effect for thécatation flow and the checking flow
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(Q-g)dt = Sdh, which shows the difference betwieneffluent and affluent volumes in a time intémia
causes an aggradations dh of the lake level.
The linear and parabolic spline type interpolatiohthe affluent flows follow.

5.CONCLUSIONS

Taga Mare storage, taken in the study, ensuresghrthe barrier of the Fizes valley, the fastest muost
efficient method of regularizing the outrush floates. In addition, it ensures a water glitter Far tishy activity.
Through the exploitation according with the ex@diin rules and having at the disposal an effidiefarmation
flow, pre-discharges of these accumulations camrogntil the minimum fishy level, creating the pibdity of
achieving higher attenuation capacity and impljcdchieving a higher attenuation coefficient of #féuent
flow rates from the accumulation.

This exploitation takes into account as well thesgioility of using these accumulations, from
accumulations with fishy role in accumulations uded sportive fishing, thus managing the significan
corroboration of the minimum fishy exploitation &hand implicitly increasing the attenuation voligne

As a result of the transiting of the flood waveadtiigh Taga Mare storage, the effluent flow rate when
ensuring the calculation have values of 25.68rmompared to the calculation affluent flow rate8.3 ni/s,
achieving an attenuation coefficient of 0.179.

In addition, the effluent flow rate in the caseim§uring the checking is of 43.671ts compared to the
affluent flow of 51 ni/s, achieving a value of the attenuation coefficwfr0.144.
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Water Supply and Sewerage Security in the Time of Ereme
Climatic Conditions

Stefan Stanko, lvona Skultétyova, Ivana Mahrikd<arol Molnar

Abstract — The contribution of the paper focuses on the wat supply and sewerage in the time of
extreme situations, drought, floods, flooding and dw temperatures. The paper describes the critical
situation through the winter 2012 in Slovakia. Thewater supplies were frozen by temperature decreasi
mainly in the part of East Slovakia. Various problens were generated by this situation. The paper
describes the solution concerning the early monitamng, the risk management and the emergency plans of
water supply and sewerage in emergency condition€limate change as one of the indicators has a
negative impact on water supply too.

Keywords — Water supply, sewerage, extremes of nature, thisk, climate change

1.INTRODUCTION

The climate change impacts us every day. We areths withesses of various local and global changes
that affect many areas of daily life in short pdridt is very significant on a long exposure tinee the
environment. We have spent huge amount of enengglimination of the risk caused by a direct thrieat
human activity, whether accidental or deliberateseal. Many events held in the world, and dedicated
resolving this topic, were directed to eliminagky depending on the strategic objectives andnaltely the fear
of terrorist attacks at all strategic levels.

Water, as a basic raw material for human life, toge with the air create basic condition for thie.li
Environmental quality worsening can have fatal egpgnces. Not only water quality but also its laek
greatly affect the lives not only humans but aldweo organisms. In terms of endangering the liigseople by
the lack and poor water quality, we are alreadytwed that natural factors may play a negative i the
places with relative safe water conditions befa®iral impacts.

In the winter of 2012, we have witnhessed just sacteffect of natural factors whose combination edus
the stoppage of public water supply for two or meeeks in towns and villages in Eastern Slovakia.

This situation was caused by several factors zingeof available water resources and distributigstem.
Surface impact of low freezing temperatures, mbant20 degrees Celsius below zero. In the casemnyf |
freezing time, more than one week, water resourogen to a great depth. Water had no possibititfiltin the
water supply system.
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As a negative factor was defined the drought, whighing the summer months in 2011 did not fill b t
natural reservoirs of water resources in the ansowfiich would have been safe even for longer lgsdftiost.
This serious situation impacted the municipalitreSlovakia for the first time, therefore nobody dixpect and
nobody was ready for such situation.

The distribution system itself, due to an insuffiti coverage, frosted across, which was anotheativeg
factor. The very sensitive places became regulaasorement shafts, which were not adequately ireslilat
against prolonged time of frost. In the very colgs the temperature reached 30 degrees Celsios lzero.
The operational company, tried to solve the situgtbut without success. The final solution was enafter
strong and long lasting frost fall back.

Population could spend a few days without wateheuit major problems. Experts estimated that the
problem would be solved after a few days of fregissdence. Two weeks of water absence in the veaigply
system caused unmanageable problems of everyday Tiie authorities with experts decided that the
municipality reservoir tank should be filled in Witvater from other resources.

The problem was with the freeze of the water in tituek tanks. There were no warming tanks. Only
firework trucks had the suitable tanks, but watealiy in these tanks did not reach the qualitydahking
water. Despite the poor water quality, people wadlewed to use the water for at least basic tadstr toilet,
wash.[ 1]

If we want to prevent disaster, respectively negaéiffects due to the action of natural factors,need to
define it. It won't be in our power to manage swmlatduring the available time. The operational timse
relatively short, and always the conditions areermrless extreme.

It is necessary to define the process by which aveavercome any extreme conditions. We have todefi
the emergency plan and we have to define the alig#msolutions with acceptable level.

2. DEFINITION OF NATURAL EXTREMES

Extreme conditions may bring in the various protdesoncerning water supply, water quality worsening,
its scarcity, the impact on infrastructure. Amoihg tbasic natural negative effects we can includeught,
floods, flooding, prolonged heat, changes in rdipfaurricanes, increased solar activity. Othertdes can
include forest fires caused by human or naturduémfces, water temperature, tornadoes, strong wsrdsy
storms, hail, storm activity accompanied by exaesightning.[ 5]

2.1 DROUGHT

Drought is caused by various factors which havegaificant impact on water scarcity and this is tre
of the factors, which consequently causes advdfset® Prolonged droughts have resulted in dryipgvater
sources. The lack of rainfall cycle activity causesughts which changes the country. It causeskiemes,
which we know and which expands the desert. Weage that the drought, which occurs as a resuitibfral
change also affected the development of entirdizations. It led to complete changes of cultured aay of
life over time.[ 5]

Fig. 1 represents the factors affecting the foramatf drought and subsequent water scarcity duatoral
factors - weather, due to agricultural activitirgélation to hydrological drought. All of thesecfars ultimately
affect the economy, having a negative social impaad finally changing the environment. The priftein the
figure goes from the problem, which is defined las thange of climatic conditions, which are undediyt
present, and in view of our perception are goingtmfaster than we could anticipate.

In the study of climate change should be noted, tthex average annual temperature increase affeets t
change in weather. Global warming is controversiabng scientists. There is the question of whesponsible
for this situation which leads to changes that lteésuextreme weather events, negative impact enatfected
landscape that may negative affect on water manegenbocal warming effect occurs in the large sitie
following their overheating caused by very low abe This situation is caused by the dark surfaceh s1s
concrete, asphalt and others surfaces without greeas. This phenomenon we call the UHI effecttrd Heat
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Island Effect. This effect changes the local weathethe cities due to adverse surface albedoetessarily
causes not only the extreme heat in the citiesataat extreme storms. Storms have a very negatipadt on
urban drainage, the drainage system and can cacssséve damage.
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Fig. 1: Relations between meteorological, agriculturafriojogical and socio-economic impacts of
drought resp. of water scarcity. [ 2]

2.2 FLOODS AND FRESHETS

Floods and freshets have other significant impactthe environment. We know their influence from
history. Years 1997 and 2002 were very wet yeate floods impact was intensive in Czech and Slovak
republic. Floods and freshets have occurred irstiremer, before relatively dry months, nightmareargas that
have previously not known flooding for previous dees (Slovakia's cities Modra, Pezinok). What ffedénce
between flood and freshet? The difference is baséldeir creation. Flood is caused by water riseabpve the
shore. Freshet can be caused by other factorssg@ng summer storms, melting snow, etc. Floadsfeeshets
had been occurring in the history of mankind siaoeient history. Documentation on their forces,sesuand
impacts has been made only from 19th century, ftbensame time as meteorological data recording. The
occurrence of earlier floods is noticed only inaticles and similar documents.
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2.3 SEWERS THREATS

Drainage system, respectively wastewater diversistem, may be represented by combined or separated
sewer system. It can be attacked during the extemants. Sewer system could have negative backteffethe
environment by polluting up during floods. One lo¢ factors that threaten this system is its flogdioring the
floods, at the time of extreme storms and contatitinaof the surface area by the waste water polfuti
Removal of damages due to contamination by floodimgst be done in a short time. There are threats of
epidemics due to surface contamination.[ 3]

2.41MPACT ON RIVER AND LAKE

Heavy rain causes the high runoff from the catchnagw can have erosive influence and can float huge
amounts of contaminants to the lakes and rivemrnaly have significant impact not only on the citiest in the
summer months in recreation areas can causes doatéom with pathogenic microorganisms by erosio. t
could have negative impact in fish reproduction andrmous negative impact on the health of hunfa&isand
animals that come in contact with the water. [ 5]

3. RISK AND FACTORS AFFECTING THE RISK

In relation to the extreme, especially natural ugfices, it is necessary to realize the risk in the
consequences of floods. Risk is a combination efptobability (frequency) of a particular state désdadverse
consequences. The risk has always at least two @oemps: frequency and consequences. The risk Rawe ¢
calculate by the formula (1) [ 8].

R=PxC (1)
where
P — probability, C — consequence

Risk assessment is used to assess the degreeddadbifity of human health and environmental haron, f

example - pollution or habitat loss.

Fig. 2: Risks aspects

3.1THE RISK AND ADVERSE EFFECTS ELIMINATION

Risk is an essential part of all change activiti®e can’t exactly define risk processes. Thesealways
more or less stochastic events. If we want to maagsk, it is necessary to define risk managenianaging
risk is an essential business requirement acrespribcess and utility sectors. If the goal of msknagement in
the water utility sector is to assure safe drinkiveger, we need to consider what is safe. To deraarabsolute
standard it would guarantee that nothing coulddresitlered safe. We can only reduce the level kf Yie used
the risk management scheme for risk managemeneimmaitation (Fig. 3). We can never be sure withingth
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This is true in general. If we accept the risk #&rpfact, we have the possibility of reduction bgrious
influences of behaviour in the system. If we wantéduce the risk, avoid it or eliminate it, we tnas least
meet the basic principles of behaviour.[ 7]

It should be rational in decision-making; clearBsolve uncertainties; to seek logical, sustainale
determined solving problems; to have the best abkl information; to take into account human and
environmental factors; to respond for changesénstystem; be able of the continual improvement.

Risk management is relatively very well developadthe water sector, thanks to research projects of
universities. The example of WaterRisk project diealefines by what it is in this process, definde
backgrounds of problem. The goal is a reliable seif@ water supply for population. Fig. 2 represéimesrisk
aspects.

This process can also be defined by the followieps

- Exposure assessmentexposure to risk - describes the populationcosgstem exposed to
stress, the magnitude, duration and spatial extegkposure.

— Hazard identification - identification of adverse effects (e.g., cansbgrt-term illness) that may
occur as a result of environmental exposure —stres

— Dose - response - evaluationdetermining the effectiveness or toxicity stogss

— Risk characterization - based on data collected in the first three steyescan describe and
estimate the impact of human or environmental exEotd a stressor.[ 4]

3.2 THE PHASES OF THE CYCLE DISASTER PROCESSES

We can split the disaster process into four badivities (Fig. 3):

Preparednes Recover
s | )

-

‘ Mitigation
Fig. 3: Disaster phases

Mitigation phase - reduces negative impacts of natural disastensjrenmental degradation and
technological hazards. Adverse consequences ofarisloften not completely to prevent, the extensewerity
can be significantly reduced by various strategias activities.

Preparedness Phase This phase is taken to minimize losses and atherages through the organization,
rapid and effective operation of the rescue andvery. Activities focused on the readiness to foous
minimizing the damage caused by natural disas&rengthening disaster response operations anuirtgai
organizations and individualizes the ability to pesd. Also includes planning, organizing, training,
collaboration with other organizations and agencdsted resources inventory, test plan.

Phase of response- The aim is to save lives and health of residealisviate suffering and reduce
economic losses. The main tool is the implementadifoplans that were prepared before the event.

Recovery phase- this focuses on restoring essential servicesstand repairing the physical, social and
economic losses from damage such as health, comatioris equipment and utility systems. Recoveryspha
also includes efforts to reduce disaster risk f&cto
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3.3 EMERGENCY PLAN

Emergency plan is a very important part of the apien of water works - the water supply, sewerage a
wastewater treatment. It establishes the procetdube adopted in case of threat to the healthalifé property
of population in relation to a possible disastespectively unwanted technical condition of watgppdy and
sewerage.[ 7]

The emergency plan serves as a tool to ensuredsie heeds of acute functionality of the systers, th
possibility of alternative sources of crisis thaaymarise due to natural forces or human activityhdve to
contain the instructions how to proceed in emergesitiations and offers clear solutions in advexseditions
without undue delay time, which is often a veryngigant negative factor in critical situations.

4.CONCLUSION

Collection of information on specific events aneithcomparison with available information from the
world and a comprehensive evaluation learns us, toobehave in extreme situations and to overcoreenth
how to eliminate them. The modern computer simaitegtiof natural disasters in extreme conditionsgraatly
assist us in protection of health and asset dfeanis, to rescue the country that is often largéflsceed due to
floods, by heat and wind.

Not least, the impact of continuing anthropogeritivity that uses large-scale technical resouraes a
energy could have a significant impact on the ckaimgthe country, environment and the effects afous
consequences. For example, the often debated @fsaémate change, which, depending on the scientif
advice, is very often assigned in a large scantbropogenic impacts.

5.ACKNOWLEDGMENTS
The Research Grant VEGA 1/1143/11, and VEGA 1/1079/12 held by the Department of Sanitary
Engineering Faculty of Civil Engineering, Sovak University of Technology Bratislava has supported this paper.

6. REFERENCES

[ 1] Act No. 364/2004 Slovak republic. About watas,amended (Water Act) (2004)

[2] Sinisi, L., Aertgeerts, RGuidance on Water Supply and Sanitation In Extreme Weather Events, WHO,
(2010)

[ 3] Hlavinek, P.:Perspectives of Decentralized Waste water treatment of rural areas. In: Proceedings of
ARW, Advanced Water Supply and Wastewater Treatm@&riRoad to Safer Society and Environment,
Published by Springer, Netherland, p. 75-87 (2011)

[4] Hrudeya, S.E, Hrudeya, E.J, Pollard, S.J.Risk management for assuring safe drinking water,
Environment International, Elsevier, Volume 32 us$8, December 2006, p.948-957, (2006)

[ 5] Stanford, B.:Extreme Weather Impacts on the Water Sector, Water Environment Solutions, Horizons
(2012)

[ 6] EPA: Condition Assessment Technologies for Water Transmission and Distribution Systems, EPA/600/R-
12/017 www.epa.gov/nrmrl, Office of Research and/édgpment National Risk Management Research
Laboratory - Water Supply and Water Resources injg2012)

[7] Tom De Veer:Water supply in disasters and emergencies, SamSamWater Foundation, Westzijderveld
101R, 1507 AA Zaandam, The Netherlands (2012)

[ 8] Waterrisk -www.WaterRisk.cz, official websité the project 2B06039 — 2006-2010, (2010)



Ovidius University Annals Series: Civil Engineerjigsuel4, October 2012

HYGIENIC INSPECTION — THE LAST STEP OF WASTE
WATER’S SLUDGE TREATMENT

Stefan Stanko, lvana Mahrikova, lvona Skultétydé@stina Galbovéa, Michal Holubec

Abstract — Hygienic inspection is the last step of sludgeeatment before its reuse. Sewage sludge is a
waste product, which comes into being in the procesof wastewater treatment and so underlies under
Waste Low. Sludge often consists of toxic chemicabatters, which we can be classified as a dangerous
waste. Hygienic inspection is the technological peess of sludge treatment, which is used in the casehen
the sludge properties don'’t fulfil the request of walid European legislation for next sludge reuse in
agriculture, or other fields of treatment. This paper describes present methods of hygienic inspectiased
in Slovakia and neighbouring countries.

Keywords — sewage sludge disposal and treatment, hygienitspection, methods, reuse.

1.INTRODUCTION

Sewage sludge definition is: it is a disposal frarhan wastewater treatment. We define it as a dispe
system, which consists of suspended, colloid mattdihe main part creates suspended matters with
characteristics concentration 5-50 g./1. The slungesistence may vary from liquid till greasy. Sjedccontains
1 - 2% of waste water volume and 50-80% of primzohutants. The sludge as waste product from vargiaps
of wastewater treatment is no stabile; it is tresom of the next sludge treatment, before its aselateral stuff.

2. SEWAGE SLUDGE CHARACTERISTICS

One of the most important sludge characteristiceygienic aspect. Sewage sludge is a waste product,
which comes into being in the process of wastewatstment and so underlies under Waste Low. Ttis a
regards all stuff, from products that have at least dangerous property to dangerous waste. Thiupeo of
this waste has to dispose the sludge as a dangeraste. Lot of sludge produced on the WWTP has one
dangerous characteristic. It is infective. Infeityivis caused by pathogen bacteria. Their amoupedés on
geographic, climatic and demographic factors. Tr@nnsource of pathogen bacteria is the excremerill of
people or animals. Majority of these bacteria & disposed by the treating process, but withowgréept sludge
hygienic inspection, a small amount may still remai the sludge. By the use of sludge in agricelttirese
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pathogenic germs threaten the healthy of livingaoigms. Among the pathogenic organisms which okcthe
waste waters there are:

= viruses;

= germs as a Salmonella, Escherichia coli;
= protozoas;

= lateral worms.

Sludge often contains toxic chemical matters, whighcan classify as dangerous waste. There are some
organic matters and heavy metals. The source ofyheeetals refers to Cadmium, Chrome, Copper, Mgrcur
Lead and Zinc. We can find these matters into tiistrial wastewaters from the metal and leadeunstrg,
from the wet and dry deposition.

3. SEWAGE SLUDGE PRODUCTION AND M ANAGEMENT

In the context of increasing requirements for waster treatment - the implementation of Council
Directive 91/271 EEC on Urban Waste Water, thedase of sludge production by about 20-40% is to be
expected in the near future. It is mainly the ddditof sludge from small sewage treatment planthauit
significant involvement of industrial waste watesQ a certain degree of contamination of sludge lsan
expected, which corresponds to the requirementtseoprocess, limiting its application to the sf8]. Overview
of sludge production from urban wastewater treatrivethe time period of 2001 — 2010, as shown guFé 1.

Sludge Production in Slovakia
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Figure 1: Sewage sludge production in Slovakia

Today in Slovakia, there are two valid Acts refgrito the sewage sludge management. Act no. 230/200
Coll., on the Waste and Act no. 188/2000 Coll. ppl@ation of waste water sludge on soil.
There are the methods of controlled applicatioslafige on soil:
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] Direct application of sludge on soil, accordinghie Act n0.188/2003 Coll. on application of wastatev
sludge on soil.

] Application according to the Act no. 136/2000 Catl.wording of Act no.555/2004 Coll. on fertilizers
for example, as compost or soil-growing mediumthis case the product is subjected to certification

4. METHODES OF SEWAGE SLUDGE DISPOSAL AND HYGIENIC IN SPECTION

The most used process of sewage sludge dispo&ibvmkia is application into the soil. The contedll
application must be done according to the validslagion (Act n0.188/2003 Coll. and Act no. 136/2000ll.).
Hygienic inspection is the technological processlofige treatment, which is used in the case, whersludge
properties do not fulfil the request of valid SleJagislation. The hygienic and sanitary propertiéshe sludge
are improved by hygienic inspection. We can use ifovarious methods such as pasteurisation, aerobic
thermophilic stabilisation, chemical methods- usBa, gamma radiation or irradiation and incinerati

4.1 Pasteurisation

Pasteurisation is the process of sludge heatinmgluelative short time at a temperature of 70°Ge T
process of pasteurisation was established in Swatz The goal of it is elimination of germs aniduses
especially of salmonella. Pasteurisation can’taeplprocess of sludge stabilisation. It has todmbined with
some other process of stabilisation. The procegmsteurisation is highly effective by Kkilling vaus types of
viruses especially on entherogerms and salmorieilano effective by thermo tolerant types of lfftems as a
certain types of viruses and spores.

4.2 Irradiation

There are only marginal experiences of irradiatitbrsewage sludge in the Europe. By the irradiation,
salmonella and entherogerms are mostly reducedthByoperational point of view, it is interestingatithe
irradiated sludge has better dewatering propetttias a no irradiated sludge.

4.3 Aerobic thermophilic stabilisation

Aerobic thermophilic stabilisation was developed fbe sewage sludge stabilisation. High level of
aeration reinitiates the biological processes witbh intensity, that the warmth generated by tloegss keeps
the needed temperatures for the disinfection. Wankinvo concepts of aerobic thermophilic stabilisati
L] aeration by pure oxygen
] aeration by air oxygen

By using pure oxygen, the reached average tempes#uie about 60-80°C. The disinfection effect bl
comparable with the pasteurisation and we can ralsthbetter results than by pasteurisation. Wherptocess
is supplied with oxygen from the air, the reachedperature is 40-60°C. In this temperature intettvalprocess
of disinfection is reduced and a longer time foaataation of pathogens is needed. To find thenogkirelation
between aeration and temperature is not easy.

4.4 Composting

Composting is a process, which depends on aerebliaction of organic matter by thermophilic germs.
Sludge is mixed with filling mass, that servestie tncrease of porosity for better aeration, toréwuction of
content of humidity and to the improvement of rielaship between C:N. There are often combinedhate
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functions in one product. For example: straw, wquel or household waste. There can be used also no
degradable material, as plastic. There were deeelapany types of composting processes, so it ibyrea
difficult to define average data for requested rdesition effect. Generally we can speak about tasid
processes:

L] Composting in composting lagoon
L] Composting in bioreactor

By composting in composting lagoon the sewage guslgn a role of filling mass. For requested samit
effect it is necessary to achieve the critical terapure for requested time. For elimination of saiella, in
summer period, the critical time is establishe@-&tweeks.

4.5 Lime treatment

Lime is often added into the sewage sludge befereatering. That causes an increase of pH levelchvhi
can reache a value from 9-13 in dependency of Bopply and sludge characteristics. Vegetative gegits
(coliform germs or salmonella) are fast reduceddthing by value of pH from 9 to 10. According ttraBich
and Berg, pH level has to be higher than 11,5 déaching of requested efficiency. By these pH valuiisbe
destroyed the most of viruses. Destruction of theses is not effected directly by pH effect, bytunlocking of
free ammonia by pH level around 12. Complete detm can be reached by adding of quicklime inte th
dewatered sludge. At this moment the temperatueases up to 70-80 °C and all pathogens die ety The
destruction factor is temperature.

4.6 Incineration

Incineration is one of the most effective processfesewage sludge treatment and sanitation. Bystitle
growing amount of sludge it is a perspective sohutfor sludge disposal. But the process of sewgdgs
incineration is not easy to realise in really coiodis. The dewatered sludge contents about 75%atérwThe
complication is also the high value of heavy meialssludge. It can cause creation of vapours byhdrig
incineration temperatures. Fluid layer is one &f prerspective methods of sewage sludge incinerakioa fluid
layer creates thermal homogeneous environment,habiceach in oxygen with strong abrasive influeanehe
sludge elements.

The thermal degradation has a lot of advantagefirgitit is a volume reduction, about 87%. The &sim
the incinerated sludge is inorganic and it is nyosterile matter. So we can use it in building isty The
heavy metals are strong bounded on sorbate anteyoate not washed up. The gas emissions are dwlpy u
allowed limits. Also the process of thermal degtemhais friendly to the environment. By the treatrhedn
WWTP we can skip the sludge treatment from the rieldygy of waste water treatment and replace it with
thermal sludge degradation.

The financial cost of the sludge processing, howethe overall economic balance significantly aféethe
treatment of waste waters, which represents mase ttalf of the total cost of waste water treatmditite
production of the sewage sludge, cannot be avoildat,innovative technologies can reduce the amafint
sludge or energy use. The significant step in gutigatment is sludge reuse. One of the poss#slis slow
thermal decomposition of sludge, which is able s& maximum of its energy potential. The sludge ds n
perceived as a waste, but as the raw material,hnikienergy — valuable product. It is possible todpce high
quality energy products from the sewage sludge,ehages, liquid and solid fuels, which can be udedctly
on WWTP or can be sold to the other areas of dar ©n the Figure 2 are illustrated the most udadge
disposal methods in Slovakia.
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Methods of Sludge Disposal
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Figure 2: Methods of Sludge Disposal in Slovakia

5. CONCLUSIONS

Wastewater treatment involves the generation ofelavolumes of sludge and other waste whose
management in an economical and environmental taduepwvay has become a matter of increasing impoeta
during the last few years. While the technologied processes to reduce sludge generation are hedtedy
studied, contributions relative to economic aspacts much more limited. However, when WWTPs opesato
face the implementation of these technologies, ardy technical aspects must be considered but tiso
influence on environment has to be regarded. Teahsolution, economical aspect and environmerg eae
the three highlights, which have to be in balark®.we can see, that is possible to use various adstifor
sludge disposal. But our goal is to choose the &lésthative from the technical, environmental &si, but not
least economical point of view. Each WWTP has it gludge treatment and also specific conditiorsiwage
sludge disposal and hygienic inspection. We havding the optimal solution for the people and ftiet
environment.
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Water Management Of The Macedonian WatershedsIn The Age
Of Climate Change

Marija Vukelic-Shutoska

Abstract - Water resour ces management planning in Macedonia is based on the principles of water
management, territorial bass, professional and scientific data on water resources and on other socio-
economic plans. The water management plan is a crucial document that defines the strategy of water use,
water protection and flood protection in watersheds on the national territory. The watershed is the
fundamental and natural unit in water protection and water use in Macedonia. Observation and
interpretation of landscape features can help to understand the functioning of watershed ecosystems.
Climate change affects all forms of land use and the key question is how to bring the water and
agricultural sectors in watersheds closer together in terms of policy making, in the development of
institutional mechanisms, capacity development and field projects as well as in terms of economic
development. This paper describes the origins and development of organized water management of
watershedsin Macedoniain the age of climate change.

Keywords - Climate Change, Water management, Water Resour ces, Water sheds.

1.INTRODUCTION

The Republic of Macedonia is landlocked countryhia central part of the Balkan Peninsula positione
between 40°50’ and 42°20" North Latitude, and bew20°27'30” and 23°05’ East Longitude.

With its status of the country in transition, thegRblic of Macedonia receives multilateral techhared
financial assistance in the areas of environmenigwture, forestry, water management, but alseame others
areas. This could indirectly help in the capacitylding for implementation of the three global centions and
in overcoming the constraints for implementation tbé national priorities in the three thematic area
biodiversity, climate change and land degradatiorthe area of national policy the most importantd build
the capacity to plan and prioritize. Water admavisty and management includes planning of long term
development of water resources. This comprise ltergn water policy measures taken by the society,
management of water consumption and water savirgl iforms, legal protection of water resources &mel
environment, etc. [7]. With the growth of the watgisis, the responsibilities of the governmentreges in
conducting of the water management policy becomeatgr and more operational, and planning becomes mo
long-term and more complex. The sequence of aesvih the process of general planning in wateragament
may be presented as follows:

1. Defining objectives, criteria and standards, ilanRing needs

2. Determining requirements: quantification of reqmiemnts in relation to other plans
3. Determining resources: required and available nessu

4. Defining standards of evaluation and selectionceharios
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5. Institutional framework for planning requirements.

Watersheds are the familiar landscapes createddoptain ranges as they slope down to valleys, with
creeks and torrents flowing downstream. Also kn@srdrainage areas or river basins, watersheddamohes
from which rain or melting snow drains downhillara river, lake, dam, estuary, wetland, sea orrof&g].

The climate and the climate changes have an ingraetl segments in the country - society, ecosysfem
national economy in various sectors (agricultuoees$try) and human health. The possible negatiyadats have
been identified and the adaptation measures in & wulnerable sectors: agriculture, forestry aamdiuse
change, water resources, biodiversity and humathdeve been proposed. Climate change, espedgjkhal

warming will cause negativefects on the soil production, causing degradatiesedification, and soil erosion.

The adaptation measures have to be undertakentbnttm farm and national levels. As adaptation miess
long-term activities have been proposed, such sisibkshing scientific infrastructure, training te&perts,
collection of data and establishment of database.

Water resources are also very much influenced byatéi change. According to the hydrological analigsis
can be concluded that the most vulnerable regioridacedonia are the Eastern and South-eastern pédnite
the most vulnerable water economy sectors are gafgly and irrigation. The proposed adaptationsuess in
various segments include modernization of the hydebteorological network, establishment of data rowimg,
reconstruction and rehabilitation of existing stamnes and water economy systems and integratedr wate
resources management.

The Ministry of Environment and Physical Plannisgtie institution responsible for coordination loé t
climate change related activities. The Nationalmale Change Committee as an inter-ministerial bisdy
entitled to observe and coordinate the implememtatf UN Framework Convention on Climate Change.
Besides the two universities in Skopje and Bitdday new universities, faculties and educationatitasons
have been established recently.

In the water resources sector there’'s an array dafpttion measures. The monitoring of required
meteorological, and especially hydrological, pareareeis far from satisfactory. It is necessary noertake the
following priority activities: modernization of theetwork and establishment of data monitoring ofirby
meteorological and water quality parameters wittdemo and usable database. In the water supplyrsekctal
supply systems for potable and non-potable watdrveater losses reduction, while in the irrigati@ctsr, the
proposed measures comprise: covering-lining of lsamatroduction of drip, micro-spray, and othewlevater
consumption irrigation systems, night-time irrigetiand systems management. Climate change andelrang
climate variability pose serious risks to the eanment and to life itself. All people and all sestare likely to
be affected. Parties to the United Nations Framkv@mnvention on Climate Change — almost all coestin
the world — have recognized the need to take aatictimate change adaptation and mitigation [4].

A top country priority is the integration into tHeU structures, with an ultimate goal being full EU
membership. In this context, the sound knowledgdefEU sector policies is of utmost importancacsievery
valuable national policy intending to contribute thee realization of the EU integration targets, ftasown
strategic determinations to base upon, or at léastake them compatible with the European ones.

The climate change area, the subject of this artiglll occupy the topmost position in the EU pglin the
next few years, being clearly presented in thendgtivironmental Action Plan of the EU Commission.

2. DESCRIPTION OF THE WATERSHEDSIN MACEDONIA

The Republic of Macedonia is bordering Bulgaridghe East, Serbia and Kosovo to the North, Albémia
the West, and Greece to the South. Total surfaga af the country is 25.713 kniThe country lies between
East-West direction of 210 km and South-North o kén with a border line of 850 km. The country rasg
from an elevation 50 m above sea level around Qgage alluvial lowland of the Vardar River in thgouth to
the high mountainous area in the West and Northt\Wiere the peaks range from 2.200 m to 2.700 re. Th
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country consists of 19.1% plain area and 80.9% latea. Valleys and plains intersect the mountanou
relief structures. The most distinct valleys amesthextending along the Vardar River.

2.1 Topography

The Republic of Macedonia has a very complex geokotd developed relief which ultimately leads to a
great variation of soil types. Mountains repregaetlarge relief forms covering approximately tirds of the
territory of the country. Principally they are paftthe old Rhodope group in the Eastern part anchg Dinaric
group in the Western part of the country. Easteoumtains are in general lower than 2.000 meters. Oinaric
are a much higher mountain range at over 2.500rmeie between these groups of mountains are thdava
zone along both banks of the Vardar River and #laddnija horst anticline in the central part &f tountry.

Karstic relief is specific for Macedonia mostly repented with Paleozoic, Mesozoic, Palaeogenic and
Neogenic limestone, found mostly in the central ambtern part of the country. The relief includesface
karstic forms of depressions, crevices, fissureskamstic plains as well as underground forms iniclgdL64
caves and 12 pits and sinkholes.

2.2 Climate

Due to specific natural and geographic charactesisthere are two main types of climate in Macedoni
modified Mediterranean and moderate continental.sThuo prominent seasons occur: cold, wet winteid a
dry, hot summers interlinked with transitional sigriand autumn. In addition to these, in the higlumtainous
areas there is also a mountainous climate chaizeteby short, cool summers and considerably cold a
moderately wet winters, where precipitation is rhain the form of snow. The average annual tempeeats
11.3°C. The average precipitation of the Repuldié83.7 mm/year. Based on measurements and ohieas/at
of the basic climatological parameters, sever@derahomogeneous climatic regions and sub-regiansleiined
in  Macedonia: Sub-Mediterranean, Moderate Contalé®ib-Mediterranean, Hot Continental, Cold
Continental, Sub-Forest-Continental-MountainousyebbContinental Mountainous, Subalpine Mountainous
and Alpine Mountainous.

2.3 Water resources

Surface waters are the most important part of tdusystems in the country. They are mostly spredtdn
space and are the closest to the area of humaritiasti Due to the geographic location of the Réjoubf
Macedonia, major part (84%) of the surface waterdamestic. The quantity of surface waters maielyeshds
on precipitation and snowmelting. Due to topograpbeological and morphological characteristicshefrelief
the runoff is running into the hydrographic netwoikers, streams and lakes. The karst areas (iceh&ral and
western part of the country) are the exception,reviee water retains longer in the ground and negheunning
waters of the river network.

Fig. 1. Rivers and Lakes in the Republic of Macedonia
Source:www.macedoniatravel.coqra010
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A river basin corresponds to the complex systemvaitrsheds and sub-watersheds crossed by a major
river and its tributaries while flowing from thewsge to the mouth [19]. The hydrographic territofythe
Republic of Macedonia is divided into four waterd$ieVardar, Strumica, Crn Drim and Juzna Morava.

Vardar watershed is the largest and covers an @fr@8.546 km or 79.9% of the total territory of the
country and gravitates towards Aegean Sea. Ther Risedar is the longest and largest river in Macedolt
has a length of 301.6 km with an average elevaioi93 m, from 2.748 m at Titov Vrv down to 44 m at
Gevgelija. The spring of the river is in Shara nifassar the village of Vrutok (Gostivar) at 683 foowe the sea
level. The average annual volume of discharged maitthe border with Greece is accounted for apprately
4.56 x 109 rYyear. Due to hydrographic characteristics of tkeddr watershed it is divided into Upper (above
Skopje), Central (between Skopje and Veles), anddrgart (between Veles and Gevgelija).

Strumica watershed is in the South-eastern pattieotountry. It covers an area of 1.520*kon 5.9 % of
the total territory of the Republic of Macedoniarugnica river is a tributary of Struma River in Batia and
flows into the Aegean Sea. Average annual volumdistharged water is approximately 132 x 108year.
This watershed is the poorest with water resources.

Crn Drim watershed is in the Western part of thenty. Crn Drim watershed covers the watersheds of
Prespa Lake and Ohrid Lake and the watershed oD@m with its tributaries on the territory of thiepublic
of Macedonia to the Macedonian — Albanian borden Krim watershed covers an area of 3.355 &ml3% of
the total territory of the country and gravitatewards Adriatic Sea. The river Crn Drim has a langft44.5 km
in the country. Average annual volume of dischangater is approximately 1.64 x 109/year.

Juzna Morava watershed is in the Northern pathefcountry. It is the smallest one with an areaddf
km? or 0.2% of the total territory of the country. dazMorava river flows into the Black Sea. This wshed
has no significant impact on the availability o€ tlvater resources in the country. River Moravangpis in
Macedonia and it belongs to the Danube watershed.

Water discharging in Macedonia is performed throthghfollowing rivers: Vardar at Gevgelija, Crn Bri
at Debar and Strumica at Novo Selo. Watershed arfehe major and minor river basins are preseindeg. 2
and Table 1.
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Fig. 2. Watersheds in the Republic of Macedonia
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Table. 1.
River / Lake Wateaf'r’n%(; A€ | \yatershed area (%)
1 Major River Basins
Vardar 6.813 26,5
Treska 2.068 8,0
Pchinja 2.373 9,2
Bregalnica 4.307 16,8
Crna 4,985 19,4
Subtotal: 1 20.546 79,9
2 Crn Drim 3.355 13,0
3 Strumica 1.520 5,9
Subtotal: 1to 3 25.421 98,8
4 Minor River Basins
Dojran Lake 120 0,5
Cironska & Lebnica 128 0,5
Juzna Morava 44 0,2
Subtotal: 4 292 1,2
Total: 1to4 25.713 100

Source: Integrated Water resources DevelopmentMadagement Master Plan in the Republic of Macedonia
Nippon Koei Co., Ltd. KRI International Corporatiodapan International Cooperation Agency — JIC/A99)

The water potential of the watersheds depends @mpitbcipitation regime. The average precipitatiom s
in Vardar watershed is 700 mm; in Strumica watettsh&90 mm and in Crn Drim watershed is 980 mm.

Godi{na izohietska karta
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Fig. 3. Annual Isohietic Map of Macedonia
Source: National Action Plan to Combat Desertifioatand Land Degradation in Macedonia-draft,
Ministry of Environment and Physical Planning/ UNDE06
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Maximum precipitation sums of 1.400 mm are regesein the Western part and the minimum
precipitation sums of 380 mm are registered inghstern part of the country.

There are three natural lakes in Macedonia - OHPigtspa and Dojran Lake. They also have great
significance for the hydrographic characteristi€sMacedonia. All of them are shared with the neigfiig
countries.

Ohrid and Prespa lakes are naturally connected naenground karsts channel and their waters flow
through the Crn Drim watershed.

The total volume of Ohrid Lake is 50.683,3 x 109, the water surface covers an area of 348.8 km
(Macedonian part is with 229.9 Knwith maximum depth of 285 m. We share Ohrid Laké the neighboring
Albania.

Lake Prespa is the second largest natural tectak& in the Republic of Macedonia. The total aréa o
Prespa Lake is 274 KnfMacedonian part is 176.8 Kjrand has maximum depth of 52.4 m. It is recogniped
its rich natural and cultural heritage. Two natyratks, Galicica and Pelister and the strictly gct#d wetland
area Ezerani are within its watershed. Besidesntteral beauty, the lake is an important resoumcettie
economies of the three countries that share it eddania, Greece and Albania. In the last two des;atthe
surface water level of the lake has dropped forentban 6 meters, endangering thereby both theldragitland
environment and the economies in the region. Theenshaed of Lake Prespa does not have a surfacewutf
The lake drains through karstic massif of Mountaalicica to 150 meters lower Ohrid Lake.

The smallest natural lake is Dojran Lake. It isafed in the South-eastern part of the country ahanage
altitude of 148 m. The watershed and the lake wateface are shared by Macedonia and Greece. Total
watershed area of the lake is 271.8 kmt of which 92.1 kior 32% belongs to Macedonia. Water surface area
of the lake at normal elevation (147.34 m) is 42y out of which 27.1 krmor 63,6% belongs to Macedonia.
Major surface inflows in the lake are from the Gegart of the watershed. Dojran Lake doesn’'t haugase
outflows.

Groundwater is a generally renewable resource. Mewéhe natural supply of groundwater is limited i
time and space. One of the most important issuestar resources research is the management ofidynater
systems in order to avoid or minimize bad effectsh® environment and to maximize economic bengfits

The total water potential of the Republic of Maceiddn an average year amounts to 7.8 millich ot of
which 5.6 million i from the Vardar river valley, the Crn Drim riveritv 2.2 x 1§ m®. So far, irrigation
systems have been constructed for 126.617 ha,fauhioh 99.918 ha in the Vardar catchment area438ha
in Strumica catchment area and 8.267 ha in Crn Betohment area [22].

The hydro-amelioration systems (HMS) in Macedod&pending on the way waters are used for irrigation
(running waters, reservoirs, lakes and groundwatgesent technical, technological and economiityeihe
existing potential of HMS covers 173.000 ha, arelythonsist of: 16 irrigation systems encompassisg}do0
ha by catching 731.5 x i@n® of water from reservoirs, 42 irrigation systemsering about 20.000 ha, pumping
water from natural water courses, reservoirs akdsaand 48 irrigation systems covering about 2D.08,
where the water is taken from the natural watersesiby gravitation.

Considering the limited possibilities of the natisaurces and the underground waters, the watgi\sap
the population and the industry in future can soheed by water catchment from groundwater andrvess.
With the future development of the water supplyisipplanned to satisfy the needs of the populatiod the
industry.

From energetic aspects, the construction of thedagtectric power plants along the Vardar riverlesal
within the period 2000-2015 represents a basiddiog-term development of the electric power systd#nthe
Republic. To that effect, 12 hydro-electric powéants are planned to be constructed along the Vaider
course, from Skopje to the border on Greece, 200kgth. It is envisaged that two hydro-electrievgo plants
will be constructed on each of the tributaries-Keeand Crna Reka. In total, 16 hydro-electric poplants with
a total installed power of aggregates of about@ )0V and annual production of 2.2 x°*IKWh.
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3.IMPACT OF CLIMATE CHANGE ON WATER RESOURCESIN THE WATERSHEDS

According the climatic classifications of the tesry of Republic of Macedonia we can distinguiske th
following more homogeneous termical-climatic regicend sub-regions [5]: Region with sub-Mediterranea
climate (50-500 m); Region with moderate-continkstd-Mediterranean climate (to 600 m); With hot
continental climate (600-900 m); With cold contitednclimate (900-1.100 m); Region with sub-forest-
continental-mountainous climate (1.100-1.300 m)tHAbrest-continental mountainous climate (1.30850.
m); Region with sub-alpine mountainous climate $0:2.250 m) and Region with alpine mountainous atan
(h>2.250 m).

About 76% of the territory indicate signs of aryddr semi-aridity [20]. With the global climate ciges it
is realistic to expect that this percentage witlrgase. This leads to desertification, decreaskedf forestation,
loss of bio-diversity and increase of the erosivecpsses. According the data from the map of empsibout
38% of whole territory is affected by middle andeimsive erosion processes. Erosion is mostly teatehe
water economy. From time to time, they cause hageagjes with their destructive power by precipitatinifts
and degradation of the urban and agricultural land.

Republic of Macedonia has ratified the United Natframework Convention on Climate Change on 4th
December 1997. As a Party to the Convention, thierean obligation to prepare a regular National
communication on climate change.

The first National communication on climate chamges prepared in 2003, according to the guideliees s
by the Conference of the Parties for the countrisncluded in the Annex | of the Convention.

From March 2005 until March 2008 the Second Nati@@mmmunication on climate change has been
elaborated, where the part which is dedicateditoate observations and research comprises:

- Basic characteristics and factors influencing tiveate in the Republic of Macedonia,

- Analysis and interpretation of the long term cliniagical data for the periods 1961-1990 and 1971-
2000 and their comparation.

Both National communications also comprise elalamnadf different scenarios for the changes of tlam
climatic elements such as air temperature and gitation in the 21st Century.

The expected change of the air temperature in ffs Century in Macedonia is much higher than the
expected change of the global temperature. In génalmost no change in precipitation is expecwdthe
winter season on the area of Macedonia, but Xpeeted quite a strong decrease in the summerpitaan.

The local projections of climate change indicatat hfferent climatic regions of Macedonia will pesd
slightly different to the large scale climate chesigThe continental climate region in the Southteraspart of
Macedonia, close to Ohrid and Prespa Lakes, seerhaue the weakest response to the large scalatelim
change in a sense of absolute temperature andpjtegicin changes and the North-western part unber t
prevailing mountain/Alpine climate impact seemé&ve the strongest response.

Obtained differences show the need for furtherstigations and application of various methods amdist
for critical review of present results and defioitiof the future climate change on the territoryhaf Republic of
Macedonia [2].

Watershed ecosystems are relatively stable and. sitiroughout history, there are very few instanzles
watershed collapse due to human activities. Howestarting in the 20th century, unsustainable dmwelent
has often threatened the ecology of watershedsimyrparts of the world.

In many cases, local population growth (resultimnf better health status and education) has played
primary role in this process. To support the lieégver-increasing numbers of people, upland ferbave been
cleared and turned into agricultural or grazingdlaharge-scale timbering and fuel wood collecticavé
contributed to watershed degradation. Loss of foceser has increased upstream erosion and downstre
sedimentation. Because of these changes, many shatts are losing their capacity to regulate runoff.
Subsequently, upland soil has become more aridnaadoy lowland areas more exposed to seasonalitfigo
Landslide threats have also increased.



206 Ovidius University Annals Series: Civil Enggring, Issue 14, 2012
Freshwater available on Earth has a global volufrebout 35 million km. However, 99,6 % of this
water is stored in glaciers or underground. Theaiaing 0.4% corresponds to the atmosphere watdgacsu
water and the soil moisture [3].

In humid areas, the proportion of water generatethé mountains can comprise as much as 60% of the
total freshwater available in the watershed, winilhe arid and semi-arid areas, the proportiamush higher —
up to 95% [14].

At the moment, 45 countries with over 750 millioeople, face a situation of water stress, which mean
that the renewable water resources per persomssahan 1.700 Hyear. In 2025, this will concern 54 countries
and more than 2.8 billion people [3].

Global climate change is contributing to watersdedradation. Because of global warming, glacieds an
perennial snow are melting more quickly, thus rémgichis important freshwater reserve and altediogvn-
slope flows. Changes in the vegetation that areeced with changes in the temperature and wateladility
can be observed. Areas that were once fertile hageme barren and unproductive.

In order to analyze the climate change impact envthtersheds, the data from the monitoring of thtew
quality of the river Vardar at the sampling poiimsSkopje and Demir Kapija are processed. The desiae
provided by the Administration of Hydrometeorologythe process of preparation of the 2nd Commuiunat
on Climate and Climate Changes and Adaptation énRkpublic of Macedonia. The decision to analyzerri
Vardar at these sampling points is made upon thelgsion that the Central and the South part ofcthentry
belong to sensitive regions and upon already paiemquality at both sampling points mainly duelischarge
of untreated urban waste water [6]. The data obthfrom these two sampling points is rather rediabl

Climate change can affect the water quality asjpeittiree manners: a) reduced hydrological resour@as
leave less dilution flow in the river, leading tegitaded water quality or increased investmentsasatewater
treatment, b) higher temperatures reduce dissalxgden content in water bodies and c) in respoosgirnate
change, water uses, especially those for agri@jliaay increase the concentration of pollution heaieased to
the rivers [10]. Alltogether, they pose a seriaest to the water quality.

The River Vardar during the hot periods (late sprsummer and early autumn) has low discharges;hwhi
means that the water temperatures are increasithgthé decrease of the discharges. The temperistwery
important ecological factor and every increase radagat to the aquatic balance and aquatic spelcighe
climate change conditions, reduced discharges initieased water temperatures would have negatipadhon
the aquatic environment. From the economic aspetériorated water quality in the climate changedétions
increases the costs for treatment of the wastewater

Prespa Lake forms a transboundary water body shayelllbania, Greece and Macedonia. Being the
largest international water body on the Balkansspa Lake is very important for the region. Closeperation
between the countries sharing the lake is a présigguor sustainable management of water resourceke
region and it is neccessary to ensure support fheninternational community for their sustainablenagement.
Human activity in the Prespa Lake watershed cov¥istsery, tourism, industry, agriculture, forestryda
urbanisation. All of them cause disruptive or ptlg consequences for the Prespa Lake. From thetpake
present date, the handling of water resourcesaPtiespa Lake watershed was and it is still malstisen by the
actual day-to-day needs and technical possibilitiesach of the parties and countries. At the mdmenly
general objectives and goals for the managemetiteoPrespa water resources have been defined aeddag
upon by the three countries. Consequently it miggtconcluded that the water resources are beinkpiteg
rather than managed [18]. Management of transboyndaters is a complex issue, which has to overcome
many challenges in order to achieve its environalestijectives.

Establishment of a reliable water balance of Lakespa is a necessity for sound planning and
management decisions. It is required to study theents of the water balance of the watershed. €Thes
scarce hydrological and meteorological data avkblathe output of the balancing model has beenkdtwewith
historical data of the lake surface water level tnedoutflow at the karstic springs in Lake Ohrid.

Possible changes in the temperature and precpitattgime and the seasonal distribution may have
significant impacts on the elements of the ovesalter balance of the lake. These future developmestarios




Ovidius University Annals Series: Civil Engineerjigsue 14, 2012 207
have been applied to predict possible consequenicd® climate change and increased water useen th
watershed.

These days global warming has more and more atterda all part of living. Global warming has very
big influence in appearances of drought and dropghibds. According global warming scenarios, drawnd
drought periods will happen more often in the Reipulf Macedonia

4. INTEGRATED WATER RESOURCESMANAGEMENT IN WATERSHEDS

The Global Water Partnership (GWP) [8], definegdnated water resources management as a process tha
"promotes co-ordinated development and managenfievater, land and related resources, in order trimiae
the resultant economic and social welfare in aritalle manner without compromising the sustaingbdf the
vital ecosystems". At the river or lake watershed aquifer level, Integrated Water Resources Mamage
(IWRM) can be defined as a process that enablextherdinated management of water, land and related
resources within the limits of a basin in such naarto optimise and equitably share the resultirgiogzonomic
well-being without compromising the long-term hbalf vital ecosystems. The IWRM approach at théonat
level does not conflict with the IWRM approach he twatershed level. In fact, they are complementary
comprehensive national framework for IWRM is essgnfor both national and transboundary watershed
management.

Within the limits of a watershed, it is not an e&agk to integrate land uses and water managemmbat.
reason is that land management, which covers pignforestry, industry, agriculture and the envinamt, is
usually governed by policies not connected to waiaicy and is managed by many different parts haf t
administration.

The accurate planning of water resources systerasc@mplex interdisciplinary problem which involves
complicated environmental, ecological and econohzispects.

Watershed degradation can be prevented and degradezisheds restored by appropriate watershed
management. Modern watershed management was bangdie 20th century as a technical practice,dbrg
based on major hydraulic engineering and foresttgrventions. However, the experience has showh tha
technical measures alone are not enough to addessshed problems. Although water and runoff heerhain
focus of watershed management, most experts nowaatgrge that relevant programmes need to be emthedde
in broader sustainable development processes.

One of the key issues in developing long-term vedted management strategic plans is to assess risks,
such as those posed by floods, droughts or otherailalisasters and to devise measures to allethate risks.

For example, it is becoming increasingly importanplan for the risks posed by changes in climate.

The mechanisms for cooperation exist and agreeorethe nature of the problems has been reached. It
will be nonetheless important that many individaations are taken together which will in total aguto a
cleaner and healthier rivers and lakes in watershed

The future of the watersheds in the Republic of &tlania will be dependent upon the solutions to the
challenges that exist. Those challenges are mathyaned:

- Achieving agricultural development that protects taters,

- Adopting industrial strategies that prevent polftteleases,

- Providing flood control that maintains and improths hydromorphology of rivers and responds to
the challenges of climate change,

- Ensuring energy needs and transportation that woiegndermine the naturalness of rivers and lakes.

We have not had significant success in effortsctieve cooperative management, but these effottbevi
tested in the future by the challenges mentionea@blt is the responsibility of each and every afieus,
people in Macedonia and elsewhere in the transkayndatersheds, to ensure our actions and actimefit
the maintenance and sustainability of the ecosystaat supports us.

Watersheds that cover more than one country —himamglary watersheds — present particular challenges
for managers. Historically, transboundary watershiedve encouraged regional cooperation but, asineso
dwindle and demands grow, the potential for cohflicer shared waters also grows. To offset thimesbasins
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are using a shared vision approach that incorperatany of the principles of the Integrated Water
Resources Management approach. For example, thef pseticipatory processes to consider basin ssue
the overall development context of all the riparséates in the basin [1].

The Shared Vision Program also builds stakeholdeygacity to participate in managing natural resesir
across boundaries, share benefits and improve wedfieiency in agriculture for example, all of whicare
consistent with IWRM principles.

Natural resources bring risks. One is that too maegple become locked in low-skill intensive natura
resource-based industries, including agricultung, #us fail through no fault of their own to adeartheir own
or their children’s education and earning powerother risk is that the authorities and other intatis of
resource-rich countries become over confident &edefore tend to underrate or overlook the needyémd
economic policies as well as for good educatiorotirer words, nations that believe that naturaltabjs their
most important asset may develop a false senseanfrity and become negligent about the accumulatfon
human capital. Indeed, resource-rich nations canMiell of their natural resources over extendetibgs, even
with poor economic policies and a weak commitmeneducation. Nations without natural resources teave
smaller margin for error and are less likely to méhkis mistake [9].

5.CONCLUSIONS

Global climate studies examining the larger gedgicg areas of the East Mediterranean and the Middl
East predict that, along with an expected incredgbe air temperature by 1-3°C, rainfall will rape snow in
winter, annual precipitation will show a signifidadecrease, the annual flow of rivers will decreasaporation
losses will increase, the water levels of resesvauill fall, flood damage will increase becausetloé¢ rapid
melting of the mountain snow, and the rapid depletf this natural reservoir will mean that it wilbt be able
to feed water sources for longer periods [13].

According to the Report on Climate Change ScenddoMacedonia, Review of Methodology and Results
[12], expected changes of the air temperature Hertime horizon 2010, as provided by the meteoicédg
station in Bitola, are more intensive in the summperiods than in winter ones. Changes in the ramesnot
expected during winter months or such changes wbeldhinor. Decrease in the rains is recorded irothaler
seasons.

If measures are not taken to counter these adeéfiesgts of climate change on the watersheds, thatcp
will face serious problems of water security andssmguently food security.

Watershed management could be a weak point in vgai&tor in the country. Watershed managers may
wonder where to start with an integrated approadtg to target and at what level. A simple and dffecway
to find out where to target action initially isigentify entry levels:

1. Local level (sub-basin plan, local aquifer maragnt plan, local water allocation plan in wateerus
districts, local government plan).

2. Implementation level (basin or provincial scalanagement plan).

3. Policy level (national and international pro@sstor developing water policies, treaties, andshaw

Strategic planning of watersheds in Macedonia shdalolve setting long-term goals for water
management in a watershed:

- Develop water footprints under different climatenge scenarios,

- Develop procedures to rapidly update water managesteategies and plans with the
latest hydrological data and changes in waterarsg present these as water footprint scenarios,

- Userisk assessment to evaluate water resourcesgaent options under different
climate change scenarios,

- Have a clear view of the actual situation of wasmources in the watersheds,

- Link the watershed strategy to broader developrgeals, and national and regional
development planning processes,

- Allocate human and financial resources to the egiatplanning process,
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- Define the boundaries of the watershed (river vedieds or sub-watersheds, aquifers, lake
watersheds,

national or transboundary).

- Analyses of priority issues,

- Water allocation and water quality objectives,

- Benefit shares.

The strategic plan needs to be flexible enougtdjesato the new information and changing circumestss
as they emerge.

Environmental dimensions of water developing prigjeoust be evaluated seriously, water management
based on water supply should be changed with waé@agement based on water demand.
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Soil Clay Fraction Impact on Coefficient of Linear Extensibility

M. Gombos, A. Tall

Clay minerals are the main cause of soil volume changes due to their behaviour during saturation
with water and drying. Volume changes influence on soil water regime in unsaturated zone of a soil
profile, transporting processes in soil and they are often to be accounted for the damages to engineering
constructions and buildings. From that reason it is important that volume changes characteristics be
explored. One of them is the coefficient of linear extensibility which quantifies the shrink-swell soil
potential. The aim of this paper is to analyze clay minerals impact on the value of coefficient of linear
extensibility. The analysis is based on the measurements of soil particle-size and soil volume changes
during drying. It has shown significant clay minerals influence on the soil potential for volume changes.
The presented results have been obtained in the Slovak Republic on the East-Slovakian Lowland.

Keywords— volume changes, coefficient of linear extensibility (COLE), particle size distribution

1. INTRODUCTION

Clay minerals are able to absorb water and incorporate it to its microstructure. During this processes (water
absorption or loss), volume changes occur in clay particles. High content of clay particles in soils can cause their
volume changes provided there are simultaneous moisture changes. When saturated with water, heavy soils tend
to swell up and, on the contrary, when dried, they shrink.

Volume changes intensity depends on the amount and type of clay minerals forming the soil, that is to say,
elements which are soil structural elements. As a result, there is a wide range of volume changes occurring
during their interaction with water. Clay minerals, such as kaolinite, are relatively inactive and of lower swelling
potential. Illites are slightly expansive and montmorillonite clays are highly expansive. As for other soil types,
volume changes occurring during drying depend on the clay fraction ratio contained in the soil texture. Volume
changes in the clay-loam soils during their drying or water absorption are a three-dimensional process. Generally
speaking, this process is not homogeneous in all the three directions. It depends on porous environment
homogeneity and on isotropy of the soil shrinking properties. Under the field conditions, volume changes in the
vertical line are represented by vertical movement of soil surface. In horizontal line, these volume changes are
manifested by crack formation.

The characteristics described above influence on transporting processes in the soil aeration zone, on water
regime in the soil profiles [1], [2] and [3], and they often have negative impact on engineering constructions. In
the areas with a heavy presence of clay soils it is hence important to be aware of the characteristics of volume
changes- coefficient of linear extensibility (COLE) being one of them. COLE is used to quantify the potential for
volume changes and it plays a vital role in assessing soil volume changes impact on hydrological processes in
soil.

The aim of the paper is to analyse the impact of clay minerals on soil potential for volume changes with regard to
clay content in soil. The results were obtained in the Slovak Republic on the East-Slovakian Lowland (ESL).

MilanGombos is with Institute of Hydrology Slovac Academy of Scientes, Hollého 42, 071 01 Michalovce, Slovakia (corresponding
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2. EXPERIMENT DESCRIPTION

Coefficient of linear extensibility (COLE) [4] is a parameter that quantifies soil shrink-swell potential. It is
defined as follows:

COLE = [MJ -1 1)

dry
where

Vet IS Volume of wet soil sample,
Vry is volume of dried soil sample.

COLE values are further used to classify soil horizons with regard to shrink-swell soil potential to soils
with low, medium, high and very high potential, Table 1.

Table 1. Soil classification by COLE and shrink-swell potential (Parker - Amos - Kaster, 1977)

Shrink — swell potential COLE [-]
Low <0.03
Medium 0.03 -0.06
High 0.06 — 0.09
Very high > (0.09

Vet and Vg, where “wet” and “dry” are relatively vague terms what allows for subjective interpretation of
them, need to be exactly defined as for the minimal moisture and dryness level that is sufficient for the soil
sample to be considered “wet” or “dry”. It is especially important when COLE values measured in different
places around the world are compared. In the US classification system [5], Ve is defined as the volume of a soil
sample with moisture potential 333cm of pressure head and Vg, as the volume of a soil sample with moisture
level obtained by maximal drying of the soil profile under natural conditions. These levels should consider
climatic conditions of the area where the samples are taken and analysed. However, more often than not samples
dried in laboratory are used. In a Dutch study [6] Vet Was defined as the volume of a soil sample saturated with
water and Vg as the volume of a soil profile with the moisture level representing pressure head — 16 000cm.
Under ESL conditions, V. was defined as the volume of saturated soil sample and Vg, as the volume of
a laboratory-dried soil sample. This is the quickest and simplest way because retention curve does not have to be
used here which is of great help as its measurement in clay soils is extremely time-demanding.

The work method is based on analysing the dependence between COLE values found in compacted soil
samples of a particular volume and texture. Altogether, 146 samples of 14 profiles taken from 52 different layers
and 9 areas, were analysed. Position and characteristics of the areas are listed in Table 2.

After sampling, the samples were saturated with water until reaching level of saturated soil moisture
content and then their volume was weighed. The samples were gradually dried at the temperature of 30°C until
the point their weight differentials were approaching measurement error. Then the temperature was raised to
105°C and they were dried up. The value of the sample volume measured after being dried is V.

Particle size analysis was performed by the pipette method with regard to five particle-size fractions. In the
first fraction (Fr.I), percentage of particles from the interval (0,000; 0,001 mm) was determined, in the second
(Fr.I11) = (0,001; 0,01 mmy), in the third (Fr.lll) = (0,01; 0,05 mm), fourth (Fr.I\V) = (0,05; 0,25 mm) and fifth
(Fr.V) = (0,25,2,00 mm). The particles contained in the particular fractions are colloidal clay (Fr.I), physical
clay to very fine dust (Fr.11), dust (Fr.I11) very fine sand (Fr.1\VV) and medium sand to coarse sand (Fr.V). For the
identification of soil types the textural classification to clay(0,000; 0,001 mm), silt (0,001 — 0,05 mm), and
sand (0,05 — 2,0 mm) is usually used. With regard to texture, soil types are classified by soil textural triangles.
In this paper USDA textural triangle is used [5]. Apart from this, cumulative contents of particles “< 0,002 mm”,
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Table 2. Location of analysed areas and sampling

lokality nur:fber depth | pocet nur:fber location altitude
profiles |profiles | vrstiev| layers [0} A [m]
Michalovce 1 0,8 8 24 48°44°17,38"" 21°56°37,04" 107
Senné 2 0,8 16 48 48°39°48,19”" 22°02°53,90” 97
Vysoka 1 0,6 6 18 48°36'47,48"" 22°06°54,23" 104
Somotor 2 0,8 9 26 48°23'10,40"" 21°48°14,20" 95
Milhostov 4 0,2 4 12 48°40°11,08"" 21°44'18,02" 100
Pribenik 1 0,8 3 6 48°23'41,30”" 21°59°32,80" 98
o 1 0,8 2 4 48°21702,90" 21°48'52,60" | 96
Vel’ky Hore§ 1 0,8 3 6 48°2232,40"" 21°53754,40" 95
Zatin 1 0,8 1 2 48°28°43,50"" 21°54°55,10” 99

“< 0,004 mm”, “< 0,005 mm”, “<0,01 mm”, “< 0,05 mm”, “< 0,25 mm” were calculated for all soil
samples. All results of the analyses were used to quantify the physical clay impact on COLE values.

In the analysis of the particle-size structure impact on COLE values were used statistical tool, particularly,
the methods of correlation and regression analysis. The analyses evaluated the correlation relations between
COLE and different particle-size fractions.

The following was identified upon the results of the analyses: the impact of particle-size analysis on
COLE, textural fraction influencing COLE most, clay minerals impact on COLE. Moreover, equation for
determining COLE value from soil texture was proposed. The results are compared to the results by other
authors from different parts of the world.

3. RESULTS AND SIGNIFICANCES

In Fig.1 (USDA textural triangle), soil types of the analysed soil samples are identified. It shows that clay
soils predominate in the taken soil samples. The soils marked in Fig.1 are typical of ESL. Fig.2 shows the results
of correlation analysis of the dependence between COLE and selected particle-size intervals. The values clearly
show that COLE is influenced the most by the content of colloidal clay, i.e. particles from the interval(0,000; <
0,001 mm). The value of correlation dependence (Fig.2) is 0.939, which is high degree of dependence.

The results of the correlation analysis of relations between cumulative contents of textural fractions and
COLE, stated above, are shown in Fig.3. As in the previous case, the analysis confirmed the importance of
colloidal clay as for COLE values. The course of empiric correlation dependence shows that cumulative accrual
of coarser fractions to fine sand (< 0.25mm) gradually lower the tightness of correlation relation to 0.555. It
means that the more silt and sand fraction soil has, the smaller is COLE value. On the contrary, the more clay
soil has, the tighter is the correlation relation.
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Sand [ %]
Fig. 1. Identification of the particular soil types in the analysed soil profiles by means of USDA textural
triangle.

0,8 -
0,6 -
0,4 -

correlation coefficient [-]

NAAURRRRW

<0,001 0,01-0,001  0,05-0,01 0,25-0,05 2,0-0,25

intervals of textural size

Fig. 2. Degree of correlation dependence between COLE and textural fractions.
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Fig. 3. The course of correlation dependence between COLE and cumulative textural fractions.

Fig.4 is agraphical representation of the dependence between COLE values and the content of clay
particles ((< 0.002 mm) and Fig. 4b shows the dependence between COLE values and the content of Fration I.
(fine clay < 0,001 mm). Degree of correlation dependence is very high (r = 0.937 and 0.939). In either case it is
almost the same, r = 0.94. Clay content in soil is commonly used for identifying soil types with regard to
classification triangles. Consequently, it is better to estimate COLE on the basis of clay content in soil, using the
equation below:

COLE = 0,2967 X (contents clay [%]) — 4,6632 [%] (2)

This equation (2) can be adjusted and verified to suit the needs of the analysed area by further
measurements.

25 - 25 -
COLE = 0,2967.(contents clay [%]) - 4,6632 &

20 1 r*=0,8784 20 1
—_ 15 4 —_ 15 4
s S
w 10 A w 10 A
S 5 - S ;5.

0 |é T T T T T T 1 0 T T T T T T \

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
contents clay (< 0,002 mm) [%] contents 1.fr. (< 0,001 mm) [%]

[
~
(=3

~

Fig. 4. Graphical representation of linear dependence between COLE and clay particles content (< 0,002
mm), Fig. 4a, and Fraction 1 (colloidal clay < 0,001mm), Fig.4b, in ESL soails.
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COLE dependence on clay minerals content measured in ESL was compared to the results obtained in the

Netherlands and USA [6], [7] and [8]. In their calculations, the authors used clay fraction containing particles of

< 0,002 mm. The comparison is represented in Fig.5. It is obvious that the line representing ESL data is more
inclined than the other lines, which is probably assigned to great spatial variability of mineralogical structure of
clay minerals, particularly illites and montmorillonites.

0,18 ~
0,16
0,14
0,12

0,1
0,08
0,06
0,04
0,02

COLE [-]

— - = Bronswijk, Evers-Vermeer, 1990 =— — Parker et. al., 1976 — -

content of clay particles ( < 0,002 mm ) [%]

- Schafer, Singer, 1976 e ESL

Fig.5. Comparison of dependence between COLE and clay minerals content in ESL and the dependencies
measured in heavy soils of the Netherlands and USA.

Tab.3 shows contents of clay particles in soil samples classified according to Tab.1. The higher the
shrinking potential, the higher is the percentage of clay fraction contained in samples. This observation is

represented in Fig.6.

Table 3. Clay fraction content in soil samples of different shrink-swell potential

shrink - swell potential

number of samples|

content of particles (clay)

content of particles

< 0,002 mm v [%]

(fine clay) < 0,001 mm v [%]

absolute % average min max average min max

low 16 25,81 20,70 11,79 30,86 16,14 8,78 25,56
medium 14 22,58 33,61 27,77 38,90 26,63 19,77 29,96
high 13 20,97 42,02 32,19 49,75 33,42 28,07 44,41
very high 19 30,65 57,68 33,80 77,33 49,86 26,93 72,22

Fig.6 graphically shows the percentage of clay fraction with particle size < 0,002 mm in soil samples of
different shrink-swell potential. The average values of clay content increase by 2.8-times. Variation range (max.
—min.) of clay fraction also increases. Very high COLE values were documented at 57% clay particles content.
Maximal values of clay content in soil samples reach up to 77%.
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Fig.6. Percentages of clay fraction with particle size of < 0,002 mm in soil samples with different shrink-
swell potential.

4. CONCLUSIONS

The aim of this paper is to present the results of the analysis of clay fraction impact on coefficient of linear
extensibility (COLE) of soils. COLE is used to quantify the ability of soil to change volume and it serves as
source data for the calculation of shrink-swell potential of one or two-layer soil profiles.

The analysis was based on the results of the measurements of soil texture and volume changes in soil
samples of definite volume, sampled in selected localities on ESL, Tab.2.

The analysis shows that COLE values in soil are influenced by clay particles content, i.e. particles < 0,002
mm. Degree of correlation dependence is 0.94. With regard to significant correlation dependence and for the
purposes of the specific ESL conditions, empirical equation for assessing COLE from clay particles content was
proposed (2). This equation can be used to efficiently gain the data on heavy soils shrink-swell potential. The
data can serve for classification of ESL soils according to their potential for volume changes. It is one of the
parameters necessary for optimization of lowland water regime considering the ongoing climatic changes.
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Groundwater participation in evaporation from the root zone of
soil profiles of different texture

M. Gombos, D. Pavelkova, B. Kandra

Abstract-Lower boundary of unsaturated soil zone is formed by groundwater level. At this level,
water from unsaturated soil zone flows to groundwater and vice versa, groundwater penetrates
unsaturated zone. By capillary rise, groundwater can supply water storage in root zone and thus influence
on actual evaporation in this soil layer. Degree to which this occurs depends on given soil texture and the
groundwater level position with regard to position of lower root zone boundary.

The paper does not quantify the impact of soil texture on the involvement of groundwater in
evaporation process. The results were obtained by numerical experiment on GLOBAL model. The
measurements used for model verification and numerical simulation were gained in ESL (East-Slovakian
Lowland).

Keywords— groundwater level, particle size distribution, actual evapotranspiration

1. INTRODUCTION

From the systemic point of view, hydrological cycle is acomplex system composed of different
interrelated elements. It comprises atmosphere-plant cover- unsaturated zone- groundwater. This structure
implies further issues to be investigated, including the research and quantification of interaction processes
between the individual subsystems of hydrological cycle.

Generally, unsaturated zone is a three-phase system limited by soil surface upwards and groundwater level
downwards. Unsaturated zone and surrounding sub-systems are linked by interaction processes. The intensity of
such processes depends on hydro-physical soil properties, i.e. every soil type reacts differently to the changes of
meteorological elements. Similarly to unsaturated zone, groundwater forms part of the system atmosphere —
plant cover — unsaturated zone — groundwater. In the calculations of soil water regime, groundwater level is
considered as the lower boundary condition. Unsaturated zone lower boundary is dynamic and on account of the
interaction with groundwater it changes in time and space. At the boundary, water flows from unsaturated zone
to groundwater and vice versa. Groundwater hence flows by capillary rise to unsaturated zone and provides
water supply to water storage in the root zone, influencing on the actual evapotranspiration occurring in this
layer. This is particularly evident in the periods of soil drought [1], [2], [3] and [4].

Water supply to root zone from the groundwater level causes groundwater level to drop. When
groundwater level drops under certain critical level, water transfer stops between groundwater level and root
zone. Root zone moisture conditions depend wholly on precipitation and evaporation [5].
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The aim of the paper is to quantify the impact of texture on the degree of groundwater impact on water
evaporation from the root zone of a soil profile. Evaporation from different soil types was analysed with regard
to modelled positions of average groundwater level during the vegetation period.

2. EXPERIMENT DESCRIPTION

Soil water regime, its elements and interaction with groundwater can be determined in two ways: by
monitoring or calculation.

The former is an extremely time and financially demanding and very extensive process. In addition to this,
soil water storage monitoring in unsaturated zone is very rarely applied under natural conditions in Slovakia. The
monitoring method is being launched just nowadays.

The latter, quantification of soil water regime and the development of its elements, is performed by means
of numerical simulation on mathematical models. The problem of this method is the necessity of a wide range of
reliable input data. On the other hand, the method enables to obtain time series, usually with one-day time
interval, of soil moisture in the analysed soil profile horizons. Daily water flow development can be calculated at
the boundary between aeration soil zone and groundwater level, or at a lower boundary of aeration zone,
determined otherwise. Numerical simulation facilitates the experiments that would be expensive, time-
demanding or unfeasible in reality. Moreover, this method is harmless to environment and enables the change in
time criterion. From the reasons stated above, numerical experimental method was used and it was performed by
means of numerical simulation on GLOBAL [6], [7] mathematical model.

The model was verified by means of the results obtained in soil moisture monitoring (2007). Verification
was performed in the southern part of ESL in Somotor area (48°23710,40""; 21°48°14,20""). For the purposes of
the verification, courses of soil water storage up to depth of 0.80m were calculated for the vegetation periods in
2007. These are compared to the measured values. For better illustration, daily sums of actual and potential
evapotranspiration were calculated.

Numerical simulation was realised for the hydrometeorological conditions and for GWL in 2001 vegetation
periods. Precipitation conditions (345mm) are approaching long-term average precipitation monitored during
normal period of 1961 — 1990 (348mm). The calculations were performed in four soil types selected with regard
to USDA textural triangle [8] — sand, silt, loam and clay soils. Their hydraulic functions were determined by
calculation software RETC [9], [10]. Numerical experiment was performed as follows. Groundwater level in
2001 vegetation period was gradually moved to two positions. In its first position, average GWL value was at the
lower boundary of the root zone, and in the second position it corresponded to the critical depth value. The root
zone is an area where majority of plant roots are located. ESL root zone, covered with field plants, was
determined up to 1m depth. GWL influence on evaporation is greatest here. If GWL permanently passes through
the root zone, air regime in soil and plant biological activity is disturbed. As calculation critical depth was
determined 3.73m under soil surface [11]. Daily sums of actual evapotranspiration were calculated for both

GWL positions during vegetation period - ETT at GWL at lower boundary of root zone and STET at GWL

critical position. Maximal volume of groundwater, which was consumed for the evaporation T ¥ax , can be
calculated as follows:

BTN = ETY = BTE" ©)

This value was analysed in the particular soil types. In case actual evapotranspiration at real level is
calculated and is used instead of =44 in the equation (1), then the equation (1) expresses actual percentage of

groundwater at actual evapotranspiration value. The course of @44 444"  and their accumulation value for

the whole vegetation period were analysed. For the individual soil types, the dependence Elgm [ Eir ¥ E},
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where WL is GWL during 2001 vegetation period moved in vertical line of a soil profile to different
calculation levels, was analysed.

3. RESULTS AND SIGNIFICANCES

Fig.1 illustrates the measured and numerically simulated development of water storage in a soil profile to
the depth of 0.80m. The scheme indicates that the model is very precise in quantifying the size and trends of the
measured values. Apart from this area, it was verified and used successfully for simulating water regime in other
areas in Slovakia [12] and ESL [13], [14]. This implies the model is precise enough for the proposed numerical
experiment.
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Fig. 1. Developments of the monitored and calculated water storage in a soil profile to the depth 0.80m in
Somotor area during 2007 vegetation period.

Fig.2 represents daily sums of precipitation, actual (ET,) and potential (ET) evapotranspiration and their 7-
day moving average in Somotor area, during 2007 vegetation period. It is obvious that almost during the whole
vegetation period ET, value was lower than ET, value. This fact testifies lack of water in the root zone of a soil
profile. The soil profile was under drought conditions, what started to change in early September. At that time,
precipitation replenished soil water storage and ET, reached ET, value.

Further on, four soil types of different texture were selected. Their classification is illustrated in USDA
textural triangle in Fig.3 and their texture, retention curve parameter and saturated hydraulic conductivity are
listed in Table 1. The results of numerical experiment are shown in Fig. 4, 5, 6 and 7. Moreover, developments
of daily sums of ETaat critical average GWL and at average GWL at the level of lower root zone boundary — 1m
below soil surface — are mentioned there. Daily values of actual evapotranspiration are processed also in the
form of 7-day moving average. For the purpose of comparison, precipitation is shown there too.

Fig.4 — 7 show the differences between ET,; and ET,, in the analysed soil types and thus also the

differences in & TEa . In loamy and clay soil there are two identifiable periods — May and August — during
which water supply for the root zone came mostly from groundwater. These are the periods when precipitation
was least. In sand and clay soils water supply coming from groundwater is less usual. The overall value of
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BT e during the whole vegetation period in 2001 was 292mm for sand soils, 175mm for clay soils, 312mm
for loamy soils and 257mm for silt. Consequently, at the optimal GWL position, the percentage of groundwater
participating in evaporation is up to 70% in sand soils, 54% in clay soils, 60% in loamy soils and 45% in silt.
These results can be useful in the design of irrigation system with GWL control.
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Fig. 2. Daily sum of precipitation, actual evapotranspiration (ET,), potential evapotranspiration (ET,) and
their 7-day moving average in Somotor area, during 2007 vegetation period.
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Fig. 3. Classification of soils analysed during numerical experiment according to USDA textural triangle.

Table 1. Hydro-physical soil characteristics.
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soils clay | silt | sand alfa n thetas | thetar Ks
(%] | [%] | [%] [-] [-] [mm] | [mm] | [cm.day™]
sand 5 5 90 0,0332 | 2,5032 0,38 0,05 322
clay 80 10 10 0,0202 | 1,1562 0,50 0,10 17
loam 20 40 40 0,0097 | 1,4966 0,41 0,06 10
silt 5 90 5 0,0083 | 1,6488 0,52 0,05 41
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Fig. 4. Development of daily sums of precipitation and actual evapotranspiration at average GWL level of
1.00m under the surface (ET,;) and 3.73m under the surface (ET,,) in sand soil.
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Fig. 6. Development of daily sums of precipitation and actual evapotranspiration at average GWL level
(ET,)) and 3.73m under the surface (ET,,) in loamy soil.

Fig. 7 shows the dependence BTa = TGWL with regard to analysed soil types. It is obvious that the

course of the dependence ET. = TGWL is different in all soil types. The critical GWL depth in silt and loamy
soils was not reached. GWL potential for its participation in evaporation is even greater than evidenced. In order
to refine the calculations, lower boundary will need to be re-defined in calculation profile. Hydrophysical
characteristics impact on evaporation processes and soil water storage is the subject of IH SAS tasks.
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Fig. 7. Development of daily sums of precipitation and actual evapotranspiration at average GWL level of
1.00m under the surface (ET,;) and 3.73m under the surface (ET,,) in silt.
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Fig. 7. Dependence BTa ™ £&WL  for the analysed soil types.

4, CONCLUSIONS

This paper presents the results of the research in which the participation of groundwater in actual
evapotranspiration was quantified for soils with different texture. For this purpose, numerical simulation method
was used. Input hydro-physical characteristics data and average GWL values were changed. GWL variability
data during vegetation period and hydro-meteorological conditions were taken from 2001. Sandy soils, clay
soils, silt and loamy soils were analysed. Texture and hydro-physical characteristics were proven to have
a significant impact on the groundwater participation in evaporation. It was shown that groundwater can
participate 40% — 70% in overall evaporation.

The issue described in the present paper is still the subject of research in IH SAS. The results show that
groundwater level control can be efficiently used for irrigation purposes.
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Nutrient-phytoplankton-zooplankton interaction in Siutghiol Lake

Ichinur Omer, Razvan Mateescu and Gina Muntiu

Abstract — One of the most serious problems affecting water quality in lakes is eutrophication. The
main cause of eutrophication is the increase of nutrients, nitrogen and phosphorus concentration. This
work presents the influence of various factors such as nutrients, phytoplankton and zooplankton on
Siutghiol Lake eutrophication.

Keywords — nutrients, phytoplankton, zooplankton, Siutghiol Lake.

1. INTRODUCTION

Siutghiol Lake (Fig. 1) has an area of 19 km ? and is situated at an altitude of 1.5 m, with average depth
<3 m and silica substrate. The lake has lagoon origin and was formed on Jurassic and Cretaceous limestone. It is
located in Mamaia and it is extensively used in industry, fishing, irrigation and for sport recreation.

Fig. 1. Location of Siutghiol Lake
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Siutghiol Lake is fed by underground sources. By a connecting canal, Siutghiol Lake supplies Tasaul
Lake with freshwater and through Tannery Lake it flows to the Black Sea. Catchment area is 92 km 2 and
consists of Mamaia - Village, Cogealia, Career, Caragea, Cismelei Valleys and the most important Black Valley
(18.9 km?). Except for the last valley which is permanent and brings at the lake about 8 I/s, the others have
intermittent flow regime.

In terms of water balance, Siutghiol Lake presents special characteristics, representing an important
source of water to feed the population, for the industrial objectives and tourism. Although it has a very small
catchment area relative to the surface of lake, the water balance is still surplus in natural conditions. Main
morphometric characteristics are presented in Table 1.

Table 1. Morphometric characteristics of Siutghiol Lake

Average level | Shoreline length Legllﬁth \)\Egi;h
(H med) ) - - -
(cm) (km) straight median maximum average
(km) (km) (km) (km)
216 30 7,5 8,5 4,2 2,5
Elongation factor depth Coefficient of Average slope of
L (h) specific depth the bottom
p= Bmed maximum average o= hm to o
e (m) (m) hmax &
3,0 17,05 4,65 0,31 0.0092

Due to the rich underground intake, the water mineralization varies within very narrow limits, while the
hydro - chemical type turns very slightly/easily from sodium bicarbonate into chlorinated sodium or magnesium
bicarbonate. The large amount of magnesium of lake reflects the share of groundwater in the ionic balance. As
for the physic - chemical parameters of Siutghiol Lake, they are presented in Table 2.

Table 2. Physic-chemical parameters of water in Siutghiol Lake (2010)

Pellucidness tem\;/:rtgure D;is;;;?d Alkalinity Conductivity
SiO2 degree o mval/l S/m
0.69 16.79 10.24 6.08 2429.75

In Siutghiol Lake the phytoplankton consists mainly of green algae (Chlorophyceae, Scenedesmus
quadricauda, Planctonema lauterbornii, Tetrahedron caudatum), diatoms (Bacillariophyceae, Cyclotella
meneghiniana, Nitzsche acicularis, Amphora ovalis, Cymbella ventricosa, Diatomite vulgare), cyanobacteria
(Cyanobacteria: Microcystis aeruginosa, Oscillatoria limnetica, Lingbya limnetica, Aphanizomenon flos-aque,
Merismopedia glauca).

Most of algae from the listed groups float in the water and only a relatively small number of species have
a limited capacity for locomotion by cilia or flagella using. The zooplankton consists of species of protozoa,
rotifers and copepods. Among the major groups that make up zoo benthos macro invertebrates we mention:
worms, mainly species annelid (Nais variabilis, Nais elinguis, Stylaria lacustris), insects larvae (Chironomus
plumosus, Cricotopus triannulatus, Parachironomus arcuatus), gastropods (Dreissena polymorpha, Hypanis
colored Theodoxus pallasii) and crustaceans (Paramysis lacustris, Asellus aquaticus). An important component
of Lake biocenosis is the aquatic macrophytes - higher plants (Angiosperms) and lower plants - algae (macro
algae).
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These plants have an important role in the balance of oxygen and nutrients (belonging to the group of
primary producers), the damping waves and erosion mitigation banks. Some species have the ability to filter
certain chemical constituents in water and also represent the developing place for various bird species, insect
larvae and fish larvae.

Due to the tourism and economic development of Mamaia zone, some vegetation of the lake was
removed, this work having a negative effect on the ecological balance of the lake. Since Siutghiol Lake is a
protection site, there are areas with such vegetation protected by law where the human intervention is limited.

Taking into account the values of eutrophication indicators, Lake Siutghiol can fall in hypertrophic type
and in IV quality class, corresponding to an appropriate environmental weakness status (according to Order
161/2006).

The values for the eutrophication degree of the lake can only be worrying because overgrowth of algae
(unicellular) allows development of other organisms (zoo benthos, fish larvae) only up to a certain point,
becoming with time an inhibiting factor of its growth and development. Deprived of food and light (which
cannot penetrate the deeper layers of the water due to algae table format display surface) macrophytes algae
cannot grow. By their death, the benthos accumulates a large amount of debris; forming organic mass. In this
organic mass an intense microbial activity takes place, with negative consequences for the numerous invertebrate
groups which disappear. By/with their disappearance, it is reduced the amount of food needed to develop fish
larvae which together with environmental altered conditions of the ecosystem (high toxicity resulting from
intense microbial activity appear: H2S, free ions of Fe, Mg, Al and gas bubbles) led to their death and thus to a
decreasing fish populations.

2. MATHEMATICAL MODEL

The equations describing the interaction of the food chain are specific to predator - prey type
relationships; the system development of each partner is influenced by the abundance / absence of the other [10].
The balance equations for the three considered parameters are:

dP P

—=a \l-¢)C_-Z-A+a, -k, -Z—-a, -k . -——- 1
dl’ pa( ) za pe dz, pa max ksp + P ( )
d_A:kmax -L-A—CZQ-Z-A 2)
dt k, +P

ill_f:(aca'g'cza)'z'A_de 'Z. (3)

where: A is the biomass of phytoplankton chlorophyll expressed in mass per unit volume of water,
Z - zooplankton biomass expressed as the mass of organic carbon per unit volume of water, P - phosphorus

C
concentration (mgP/m?)., a., - carbon - chlorophyll ratio in phytoplankton g , Cz - algal consumption
mgChla
3 . mgP
speed by zooplankton - |, apa - phosphorus — chlorophyll relation | —————— |, €
gC-zi mgChla

- efficiency factor (equal to 0.7), k 4 - extinction coefficient velocity (the breath, excretion and death) for
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1 P
zooplankton | — |, k_, - net algal growth rate calculated by the relation k, =k _, -———— with the
Zi kg + P

P
maximum value k. and kg, - semi— saturation constant [ﬂ [10].
The already mentioned description is strictly based on the direct link between the three parameters and

their interaction. In fact, algal growth rate is also influenced by temperature, light intensity and the possible
presence of nitrogen [10].

3. RESULTS AND SIGNIFICANCES

For modeling, we introduced the following data:

AO =1’5 &flla; ZO =40£3C‘; }90 :11.6 mg3P’ aca =40L£; apa = LgP’
m m m mg Chla mg Chla
a 3
a, =2 —0025"2 ¢ —0002—"—; k =258
aca mgc I’I’IgC < Zl m

To solve the above system of equations (1-3) we use 4th order Runge - Kutta and account relationships
which are to be found in NutrFitoZoopl program - the procedure RK4sist3.

The software (NutrFitoZoopl) used in the mathematical model simulation is written in Java. Java
application framework was performed using NetBeans IDE platform which is also an integrated development
environment for Java.

The chosen integration step is At= 1 day. The reading files are working by NetBeans IDE platform (Fig.
2) and the results are obtained also through it.

fibe Ldt Wiew Navigate Source Refactor Run Debug Profile Team Took Wndow Help
ey N o

]
L1
LH
9
an

Fig. 2. NutrFitoZoopl software runs by NetBeans IDE platform
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To compare them, the integration results for phytoplankton and phosphorus are transformed into
equivalent carbon units using the relationship:

C,=A-a, 4)
P
Cp =a_ (5)

In addition, at each step At the sum of these three constituents is calculated to highlight conservation of
mass in the aquatic system.
The variations of these three parameters in time are shown in Figure 3.

600
564 Cos
500
\ hosphorus
400 /-V 4 N
300 o~
E
£ \_/
200 +— N zooplankton \ /—\\
100 / v \ /
_/ \ ]ﬂF-tﬂpla;lldn k
] 1
] 20 40 &0 80 100
t {days)

Fig.3. Variations of the food chain components in time for Siutghiol Lake

The chart above shows that the zooplankton reaches the concentrations of 306 mg/m’ in about 14 days
while the phytoplankton maximum of 280 mg/m’ is reached in 8 days, and so the maximum concentration of
zooplankton is reached 6 days later after the maximum phytoplankton concentration is reached. The maximum
of phosphorus concentration (455 mg/m?) is reached in 33 days. The total concentration is 564 mg C/m’.

A high concentration of nutrients in water causes the algal biomass development, including zooplankton
biomass (by algal consumption), and a decrease in nutrient concentrations determines a decrease of the
phytoplankton biomass, with negative effects on zooplankton, which in turn has a smaller food amount.

Lack of food causes the death of zooplankton which by decomposition processes returns into the circuit of
nutrients, a further increase of the nutrients concentration resulting.
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4. CONCLUSIONS

Based on these results we conclude that the interaction of plankton biomass and nutrients to Lake
Siutghiol fall into a "natural" regime. Siutghiol Lake is now strongly manmade, but the insufficiently treated
water discharges, tourism and specific waste pollution activities are factors that can disturb this delicate balance,
including eutrophication.
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Urban vulnerability and risk management: A multifractal
analysis for Mexico City

Sergio Puente-Aguilar, Jorge Javier Castro and Alin Andrei Carsteanu

Abstract — The impact of a natural disaster on a human community is conceivably related to the size
of the respective community. However, the highly intricate relationships between mitigation organization,
demographic factors, media impact, architectural characteristics, urban traffic networks, as well as social
and cultural perception aspects (such as civic solidarity or generalized panic) make this relationship non-
trivial. In this work, we analyse the existence of a possibly multi-exponent power-law function describing
compound vulnerability in Mexico City.

Keywords — risk, vulnerability, urbanisation, multifractality

1. INTRODUCTION

Common sense has it, that the larger a city gets, the worse become its traffic jams. The explanation is
simple: under the hypotheses of constant population density and constant traffic network density, average
distances one has to drive every day increase with the size of the city, and consequently, so does traffic density.
This simple paradigm shows us how non-linear effects of nowadays' city growth affect our daily lives. It is also
relevant to the analysis presented herein, since jammed traffic is a major problem in effective mitigation of
natural disasters, affecting both evacuation efforts and the timely arrival of help for the victims (see e.g.
Christians [2005] for the case of hurricane Katrina). However, the complexity of all factors involved in the
vulnerability of a human community to natural disasters makes it virtually impossible to apply such heuristic
arguments in order to deduce a functional expression for the vulnerability factor.

The various components of urban life are governed, taken separately, by their intrinsic scaling laws. While
each aspect of vulnerability, such as mitigation organization, demographic factors, media impact, architectural
characteristics, urban traffic networks, as well as social and cultural perception factors [Puente-Aguilar, 2004],
when considered independently of the others, seems to cause increasing vulnerability with community size,
when considered in interaction with all others however, becomes part of a self-organized system. Such a system
generally has a non-linear behaviour (which also implies that it doesn't behave like a linear combination of its
components), and it has been shown that self-organized systems tend towards a critical state, in whose
neighbourhood they have a power-law behaviour with scale [see e.g. Bak, 1996]. The functional and
dysfunctional relationships established between the components of urban life by metropolitan interaction result
in a global behaviour, whose asymptotic scaling is examined in the present work for the role it plays in the
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response of the metropolis to extreme events. The present work focuses on the unique real-life laboratory that is
the megalopolis of Mexico City, Mexico, attempting a validation of the power-law behaviour of vulnerability to
natural disasters, as well as the estimation of its scaling exponent spectrum.

2. FORMALISM AND DATA

The multifractal analysis formalism [see e.g. Frisch and Parisi, 1985; Schertzer and Lovejoy, 1987] is
concerned with the scaling behaviour of a measure R, defined on the Borel subsets of R":

©(q)=—l0g; Z 3R (At 1)

where R (At)|= Lt dR. The existence of scaling in the measure R is defined as the r.h.s. of equation (1) being

constant with scale L. Whenever scaling exists, it is called monofractal whenever dt/dq is constant with g, and is
called multifractal otherwise. The estimation of t(q) can be performed by linear regression of the natural
logarithm of the sum in equation (1) against the logarithm of scale, for different values of g.

Fig. 1. Estimated vulnerability to natural disasters in Mexico City: darker areas represent higher
vulnerability, on a linear colour scale.
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Vulnerability data for Mexico City have been evaluated on a neighborhood-by-neighborhood basis, based
on past events (notably the 1985 earthquake), updated to the current state of the infrastructure (Fig. 1).
Aggregation to different scales has been performed pixel-by-pixel, on square-shaped subsets of the city area,
applying the estimator for (1) in R,

3. RESULTS AND CONCLUSIONS

The estimation of the scaling exponent spectrum for Mexico City vulnerability to natural disasters is
presented in Fig. 2.
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Fig. 1. Estimation of the t(q) scaling exponent spectrum for vulnerability to natural disasters in Mexico
City, showing a remarkable degree of multifractality.

A remarkable degree of multifractality can be observed in the figure. We can therefore conclude that the
complex nature and spatial distribution of compound vulnerability gives rise to a multifractal measure on the city
surface. The importance of such an exponent spectrum for scale-related decision-making (at the scale of
neighborhoods, townships, districts, and finally the whole city) in Mexico City relies in its arguably being the
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most populous community in the world at this time, and correspondingly difficult to administrate. The results
presented herein allow for quantitative re-scaling of mitigation measures between administrative entities.
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Wetlands Restoration in the Senné Area

Andrej Soltész, Dana Barokova, and Lea Cubanova

Abstract — Senné Area is located in the East Slovak Lowlands and protected bird reserve is placed
there, as well. Therefore some improvements are planned in this area, because after the year 1970 periodic
floods were stopped due to agricultural requirements. Two possibilities of the original wetlands
restoration were examined — flooding by the surface water as well as groundwater level increase. For the
numerical simulations HEC RAS and TRIWACO models were used.

Keywords — Flooding, Groundwater Simulation, Open Channel Modelling, Restoration, Wetland.

1. INTRODUCTION

Senianska wetland area is as a part of the central East Slovak Lowlands situated on the left bank side of the
Cierna voda River above its junction with the Laborec River. It is a wide terrain depression on which many
water management measures have been realised for drainage purposes [1], [2], [3]. The main aim is to consider
the restoration possibility of wetland systems and for improving soil water regime in this area. Such measures
have ecological importance for different fauna and flora. Senianske Ponds Nature Reserve was founded in 1955
to protect birdlife and unique water plants. It is also an international wetland site registered under Ramsaar
Convention and a part of EU wide network of protected NATURA 2000 areas [4].

From previous concluded these partial tasks for the technical solution of the sufficient amount of water
inflow to the area of interest which will cause the change of the soil moisture profile from dry to waterlogged (up
to the local wetlands) [5]:

- reconnaissance of the actual existed conditions of the streams, channels and drains — morphology

and hydrology,

- verification of the channel system function and analysis of the proposal possibilities for the water
dotation to the area of interest,

- design of the technical solutions for changing of the channel system purposes from the draining to
doping,

- mathematical model processing of the steady non-uniform flow for the Zachytny channel and for
the channel system,

- water level and discharge regime examination (proofing) for various discharge scenarios in the
channel system, discharge scenarios are determined by hydrology of the Zachytny channel, by
inflows of the channels created the system in the area of interest and by the required outflow into
the Senianske ponds,
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- verification of the function and capacity of the objects (weirs, culverts) on the channel system and
design of the required technical measures on the existed weirs,

- recommendations for the technical design realisation and channel system operation,

- mathematical modelling of the surface water level impact on groundwater level regime.

2. EXPERIMENTAL MATERIALS AND EQUIPMENT

Generally, two possibilities for restoration of the described problem have been existed — flooding and
groundwater level increase. Therefore the solution was divided into two parts — water level regime modelling in
open channel systems and groundwater level simulations [5].

For the water supply to the mentioned area the existing channel system has been used which original
function was to prevent inflow of surface waters from the Vihorlat Mountains to the area, it means, it was used
as a drainage system [5].

Channel system in the area of interest (Fig. 1.) is created by nine main artificially built channels and by
many smaller secondary and tertiary channels which fulfil the drainage function. These artificially built channels
are partly non-prismatic.
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Fig. 1. Area of interest map (éituation of the gates (1, 2, 3) on the Cibavka, Okna and Zachytny channels)

Surface waters were solved on the channel systems, which consist of these main drainage channels [6]:

- Cibavka — length L = 1.8 km, longitudinal slope i, = 0.2 %o, cross section width b = 1.2 m, bank
slope 1:2, maximum capacity Q =4.4 — 6.86 m’.s™,

- Hrabovsky — L = 8 km, i, = 0.47 %o, b= 1.2 m, slope 1:2, Q =2.04 — 3.83 m’.s”,

- Olginsky — L = 8.1 km, i, = 0.4 — 0.78 %o, b= 1.2 -2 m, slope 1:2, Q =2,42 - 4,63 m’.s™,
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- Bezovsky — L =7.3 km, i, = 0.84 %0, b=1.2m, slope 1:2, Q=13 -4 m’.s”,

- Jenkovsky — L =3.8 km, i,=0.6 - 1 %o, b =1 m, slope 1:2.5,

- Sobranecky — L = 8.3 km, i, = 0.78 — 1.2 %o, b= 1.2 — 2 m, slope 1:2, Q = 1.58 m*s”',

- Ziarovnicky — L =2.2 km, i, =2.3 — 1.46 %o, b= 1.1 m, slope 1:2, Q=0.7 m’.s™,

- Okna—L =9.4km, i, =0.5—-2.37 %o, b=1.5—10.5m, slope 1:2, Q=2.5-4.64 m’.s™,

- Zachytny — L = 5.9 km, i, = 0.2 — 2.4 %o, simple and compound trapezoid.

Groundwater was solved for the described area using TRIWACO software. The boundaries of the region
were created by Latorica and Uh Rivers, Zachytny channel and state road E56 (Fig. 1., Fig. 2.). Hydrogeological
and geological data were processed from the archival reports of the Geofond SGUDS [7], [3]. These data were
very important as an input for the groundwater model of the area of interest.

Hydrogeology of the solved area is very strongly influenced by the surface streams (the most important
river is the Laborec River) and by Vihorlat and Popri¢né mountains. The most extended soil in the area is clay
and also other sediments which are very heavy and not appropriate for the groundwater flow. More permeable
soils (sand, sand with gravel) reach only small thicknesses and in many cases their permeability is degraded by
the soil and loam. According to the pumping tests hydraulic conductivity value is from 2.52x10° m.s™ up to
3.5x10”° m.s”, sporadically 10 m.s™", in dependence on the soil kind. From the previous it is possible to evaluate
this area from the geological viewpoint as impervious porous media. Another area with occurrence of the good
permeable sand-gravel sediments is situated in the south-east part of the area of interest. The thickness of the
sand-gravel or sand layers is 3.0 — 9.0 m. The groundwater level seems tense and it is fixed 2.5 — 4.5 m under the
terrain. Hydraulic conductivity of the permeable materials is from the value 5.65x10* m.s™ to 5.23x10” m.s™.
Less valuable layers are permeable materials in the area of the Bankovce and Certov, their conductivity is from
8.6x10° m.s' to 1.47x10° m.s”. From the geological viewpoint Senné depression consists of heavy soils
characterized by a low permeability.
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3. RESULTS AND SIGNIFICANCES

For the surface water level simulations, firstly the geometric data have been prepared for all mentioned
channels and afterwards a discharge analysis in the channel system for the m-daily discharges has been
performed. Inflows come from the Okna, Ziarovnica and Sobranecky stream and this sum of discharges were
diverted into the Okna, Ziarovnicky and Sobranecky channel through the culverts on the Zachytny channel.
These streams have to secure fixed inflow to the neighbouring ponds [5]. Because of the complexity of the
problem two mathematical models were prepared by using the HEC-RAS software (Zachytny channel separately
and then the rest of the channel system) for 5 various hydrological scenarios for the steady non-uniform flow.
The design is considering water level increase on the weir on the Cibavka channel (from the 99.7 ma.s. L. to
101.1 ma. s. 1) [6]. Created back-water will cause water fulfilling of lateral channels, whereas it is expected
water overflow in some parts of the surrounding terrain (Fig. 3.).
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Fig. 3. Simulated back water after the crest n;reasing on the Cibavka weir

From the simulated surface water level regimes resulted that the back-water radius is independent on the
discharge scenario and it is most dependent on the water level at the Cibavka weir which is possible to control by
the weir crest [5].

Recommendation for the realization of the proposed design is that it is possible to supply the area of
interest with adequate amount of water realising only small technical encroachment on the existed channel
system (Fig. 3.) to secure wetland restoration. The function of the system can vary from the drainage to the water
supply (in the sense of the surface runoff). Conditions for the water supply into the soil profile in the area of
interest will be created.

From the viewpoint of the groundwater modelling, solved area — surroundings of the planned back-water
on the Cibavka weir (No. 1 in the Fig. 1.), is situated nearly in the middle of the modelled area and in the
sufficient distance from the edge of the filtration area. It is possible to assess that the value of the boundary
condition at the edge of the filtration area will not influence the results in the solved area [2].

Dirichlet boundary condition was set on the whole boundary of filtration area. After entering of the
filtration area boundary and stream location (Fig. 2.) the final element network in TRIWACO program [8], [9]
was performed. Network was refined in the surroundings of the Cibavka weir which will cause the back-water.
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Size of bigger elements was 100 m and smaller 50 m. Parameter testing (calibration, verification) of the model
was done on base of hydrogeological analysis of the solved area. Water levels in the streams were entered into to
the groundwater model on the basis of the described surface water level regimes from the HEC-RAS model, as
well. [5].

Solved area is a region with the minimum total annual precipitation in Slovakia, less than 600 mm/year.
For the groundwater level regime analysis the observation of GWL in 51 boreholes of the SHMI from the whole
Laborec River basin were used. From these boreholes were just 17 used for the model calibration because they
are placed directly in the modelled area (Fig. 2.).

Considering realization of the planned controlling measures it means a long-time water level increase
(about 1.33 m) on the Cibavka weir and average discharge in channel system; groundwater level regimes were
simulated for steady as well as unsteady conditions.

From the groundwater level simulations concluded that steady state (at unconverted conditions) is
occurring for a relatively long time. The unsteady state simulation results (Fig. 4) showed that the groundwater
level is changing very slowly by influence of back-water created on the Cibavka weir. After 1 year from the
realization of planned water level increase in channels (caused by back-water on the Cibavka weir) groundwater
level is increasing in the range of about 250 m (Fig. 5).

4. CONCLUSIONS

Area of interest could be from hydrologic and hydraulic point of view restored. The problem of realization
of proposed measures is funding and disagreement of the land owners. In case of realizing such measures in the
future for restoring wetlands in Senné area it can be realized only by over-toping of channel banks, it means to
flood the field by surface water. In heavy soils it is really not realistic to realize the soil water logging by
increasing the groundwater level.
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Fig. 5. The piezometric head increase after 1 year — radlus of groundwater level backwater is max. 250 m
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Fig. 1. Unsteady infiltration scheme (example)
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Table. 1. Underground water level variation in time (example).

Year X Month in the irrigation season:
(m) v \ VI Vil VI IX
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10 620 0,16 0,78 1,25 2,03 2,66 2,74
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