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INMEMORIAM

KRZYSZTOF WILMANSK]I
(1940 - 2012)

It is with deepregre and profound sadnedbat we inform theacademic
community of the death of Professor Krzysztof Wifisid on August 26, 201:
He passed away unexpectedly, aa brief illness On behalf of his student
colleagues and friends, we w to take this opportunity of acknowledging
enormous contribution to the field of mechar His genuine human warm
andgenerosity with his knowled, determination and hard work will be vivic
remembered by all of t

We still have lively memories ofthe Special Jubilee Internatior
ConferenceContinuous Media with Microstructure held at the University ¢
Zielona Goraon March20, 2010, which was dedicated to him on the occasic
his 70" birthday. A detailed description of the scientific life of dPessol
Krzysztof Wilmaski is included in the book titledContinuous Media with
Microstructure (Editor Bettina Albers,SpringerVerlag, Berlin 2010), whic
was also dedicated to him. This Journal honoured hinon that occasioby
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publishing his biography (CEER, 2010 no. 5, pp.)3-Bherefore, here we
mention only some highlights of his very active @ndductive life.

Krzysztof Wilmaiski was born on March 1, 1940 in tfdPoland. At the
Technical University of £62lhe completed his civil engineering studies (1962)
and three years later was awarded the degree odrdd®65). Since 1966 he
worked at the Institute of Fundamental TechnoldgRRasearch of the Polish
Academy of Sciences in Warsaw where he habilitgi®d0), was Head of the
Research Group "Continuum Thermodynamics”, and waminated full
professor by the State Council (1979).

Professor Krzysztof Wilmaski made his home at many places in the
world. In 1969-1970 he spent one year at the Jétopkins University (USA);
in 1972-1973 he taught for two years at the Colle§eEngineering at the
University of Baghdad; in 1978-1979 he spent a year a half at the University
of Paderborn and the Technical University of Berim 1984 he worked on
thermodynamics at the Institute for Advanced Sttidiissenschaftskolleg zu
Berlin”. He researched and taught at the Techriid@iversity of Berlin, the
University of Paderborn, the Technical UniversityHamburg-Harburg, and the
University of Essen. In 1996 he became Head of Research Group of
Continuum Mechanics at the Weierstrass Institute Applied Analysis and
Stochastics in Berlin, where he retired in 20052006 he spent one semester at
Technion in Haifa. In 2005-2010 he was professahatUniversity of Zielona
Gora and a staff member of the Rose School in Pavia

Professor Wilmaski taught undergraduate, graduate, and postgmaduat
courses on Strength of Materials, Mechanics ofcBires, Linear and Nonlinear
Mechanics of Continua, Thermodynamics of Multicom@at Systems, to cite a
few. For students of many universities in Polandr@any, Italy, Austria, and
Israel he will be remembered as a brilliant teaobiegreat knowledge and
understanding. His scientific activities and graatomplishments are mainly
concentrated in the area of linear and nonlinearntbdynamics, including in
particular such research topics as non-newtonigidsf] phase transformations,
porous and granular materials. He published 14 @wid some 140 scientific
papers fwww.mech-wilmanski.dg and inter alia he served as Editorial Board
member of this Journal. He organized and co-orgahimany colloquia and
conferences, in particular, together we chaireditbernational Conference on
Computer Methods in Mechanics, CMM 2009 in Ziel@aa.

Professor Krzysztof Wilneski will be remembered not only for his
scientific accomplishmentnd passion for researdhut also as an extremely rare
individual who was brilliant, kind, and gentle. W&n in our thoughts and
condolences for his wife Anna and their childrere Wil all miss him.

Mieczystaw Kuczma
Editor
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FLOOD RISK OF LOWER SILESIA VOIVODSHIP

Mariusz ADYNKIEWICZ-PIRAGAS, Iwona LEJC$
Institute of Meteorology and Water Mangement — bzl Resarch Instytute
Wroctaw Branch, Regional Research Department,
Parkowa St. 30, 51-616 Wroctaw, Poland

Floods are natural events of a random nature thaecdamage in property, agriculture,
and industry. Floods in the upper and middle Qmlsin, particularly on a large scale,
are characterized by their specificity of arisingdashaping. Analyses of historical
material prove that the largest floods are durimg summer season, especially in July
and August. Those events are caused by wide aedsint precipitation lasting 2-3
days. Moreover spatial ranges in the Odra basin ramdff sequence are also the
important reasons. Other important factors for flemd risk scale in a region is
knowledge of the flood risk index established om bfasis of observed floods or that of
Maximum Probability Flood. In this paper flood rigk the territory of Lower Silesia
Province was evaluated on the basis of chosendaditflood risk.

Keywords: Odra catchment, flood risk zones

1. INTRODUCTION

Flood is a natural disaster that threatens thetysafepeople and animals, and
cause damage to human property, and losses inatienal economy. It is
natural and random phenomenon. It can cause t@remains, short
thunderstorms, rapid melting of snow, strong windsthe coast from the sea
towards the land and the freezing of rivers. Flod high water, during which
water overflows the level of embankment crown atwbd river valleys or
depressed areas, thereby causing damage and &hawil non-economic
(social, moral, etc.) losses [Dubicki, Malinowskadgk 1999].

However, high water level is a raise in water lewestreams, reservoirs,
at sea, which does not cause damage or loss adfheent areas. Spate acquires
the character of flood after exceeding the boundiavgl, when flooding river
valleys and areas of depression, causing lossegl Llaf risk of flooding

" Corresponding author. E-mathariusz.adynkiewicz@imgw.pl
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depends on the state of development of the rivBbewand is conditioned by
two factors: the size of spate and the size ofdbses caused by the flood.

High water is not formed at the same time alongahiire length of the
watercourse, but usually moves along its courseatirg a freshet wave. This
primarily applies to larger rivers, which have thefigin in the mountains or
highlands. As the wave moves along the course efitrer, the wave front is
reduced, and the length is extended and, at the siame, the wave height is
decreased. In addition, freshets can occur depgratinthe origin of formation
at different times of the year. On a national stadgn water most often occur in
March, April and July, and less frequently in Fesguand June. In the basin of
Odra River, 59% of the annual climax falls on thiater half-year (including
27% in March), and 41% on the summer half-yearloiaog 14% in July)
[Byczkowski 1996].

2. CAUSES OF FLOODING

Floods on the Odra River, especially those of |aige, have specific sources of
origin and the process of forming. Analysis of distal floods on the Odra
revealed that the greatest high water occur mastthe summer months, with
particular intensity in July and August. These liets are caused by the
presence of extensive and intensive rainfalls igsfor at least 2-3 days. In
addition, analysis of the summer floods showed titcause of their formation
is not only a high rainfall, but also the time tf dccurrence in different areas of
the river basin, and the order of runoff from indival sub-basins and their
functions in the formation of the wave. Summer €flsomay occur in the
mountains, foothills and lowlands areas. The madfficdlt to predict are
precipitation floods, derived from torrential rainsually of thermal origin.
Occur locally on a small mountain and lowland stieaand cause the most
damage. The largest share of the outflow formaaime size and shape of the
basin, orography, slopes inclination, the permégbdf the ground and land
cover. Widespread floods, which are associated fwithtal rains, have much
wider range. They occur both in mountainous andldods areas, and may
cover the entire river basin. Amount of rainfallthvh a few days, recorded
during the floods, may exceed the monthly norm.

Conditions conducive to the occurrence of snowiiheitding is the rapid
melting of snow due to the sudden increase inaxperature and heavy rain
accelerating the melting of snow, which, with ahhidegree of frozen ground
increases surface runoff. The period of the foromatf these floods are the
winter and early spring months, with particulaeimgity in March.

Winter floods differ in cause of formation, courkmgation, range, time of
occurrence and associated conditions. Divided ifgm floods and frazil-ice
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floods. Water rises are caused by jams during llo in rivers, in places
predisposed, such as the narrowings, sandbaradsslan places with sudden
changes in flow direction, in bridge profiles, ihet upper sections of the
damming barriers (reservoirs) are the causes ofjaoe floods. Occur in
lowland and mountain rivers. However, frazil-icedtls are formed by great
intensity of formed anchor and frazil ice. Then tiwole river profile is
jammed, the water piles up, causing local sevemdfhg. Most often floods of
this type occur in December and January at low matels.

The source of the formation of the Odra floodshis area of upper Odra.
The interaction of water outflow from this areatwdther outflows determines
flood sizes. Another cause of high water is anlowtfof significant amounts of
water from the basin of Nysa Klodzka. Freshetshia tipper Odra and Nysa
Klodzka cause substantial floods on Odra Rivertsnupper and middle part.
The formation of the flood wave, which entails skrof flooding, can also occur
during high water in the upper part of the Odradrivand its right-bank
tributaries, to Barycz inclusive. Substantial floméy also occur on Bobr and
Lusatian Neisse during high spate. In this casgh lvaters in Nysa Klodzka
and middle Odra tributaries can be moderate. Intiadd the overflow of Odra
River may occur as a result of high water in mid@dra tributaries, with
moderate high waters in upper Odra [Dubicki, Statielinski 1999, Dubicki
2005].

3. THE BIGGEST FLOODS IN THE ODRA RIVER AND ITS
TRIBUTARIES IN THE NINETEENTH AND TWENTIETH
CENTURY

Started in the early nineteenth century, systenwigervations of water levels
allowed collecting more accurate information abitwt size of the flood on the
Odra River and its tributaries. The floods, whichrathe result of high water
on the upper Odra, Nysa Klodzka, Beaver and Lusadfieisse, occurred in the
years 1813-1855. The largest flood in the middlethad nineteenth century
Europe, on the Odra River occurred in 1813. Othejomfloods occurred

between 1854 and 1855 with the highest maximum fvédroclaw to Slubice.

They caused numerous broke of levees and signifioaerflows. Local very

severe floods occurred in 1879 in the basin of N§femizka, Bobr, Kwisa and

Lusatian Neisse. Major spates on the Odra alsormegtin 1888 and 1889.

In the twentieth century, large summer floods owedirin 1903, 1926,
1940,1977, 1985, 1997, 2009 and 2010, snowmeldfida March 1909 and
1922, and in February 1946, in the autumn in Oatd®40 and 1915, and in
November of 1930. By the time of the most disagtritaod in the Odra River in
July of 1997, for the largest, was considered adlof July 1903, which was
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only slightly lower (in the middle and lower reaoh Odra) than the flood of
1854 [Maciejewski, Ostojski, Tokarczyk 2011, Ra3brdlik, Nieznaski 2000,
Dubicki, Malinowska-Matek 1999].

4. MEASURES OF FLOOD RISKS IN ODRA RIVER AND ITS
TRIBUTARIES

Started in the An important element of knowledgeudtihe scale of flood risks
is the knowledge of the basin flood measures, bskadnl on the basis of the
observed flood flows or on the basis of expectesbable maximum flow.
Measures of flood risk include: flood potentiBlg(/ Fp, flood risk index YWWZP
/ FRI) and complementary floodgenerativity ind&KP / CF).

Flood potential Pq / Fp is one of flood measures used so far, proposed
by Balcerski [Lambor 1971]:

WWQ-
P (F,) = e a5 (1)

brzeg

where:
WWQ- the highest observed flow in multi-year,
Qurzeg— flow according to the bankfull waters level,
A — basin area in kin

This index provides a flood measure in relatiomht® basin area. It gives
the opportunity to compare the risk in differengioms, but only when the
length of the observation sequences is comparabtewhen historical episodes
of flooding cover compared areas at the same tidtkeerwise there can be no
assurance that the maximum observed freshetseindimpared basins, had the
same rank. Flood risk increases with the size ef ftbod potential. Flood
potential in Lower Silesia (Fig. 1) varies widelsoin about 761 (Otawa) to
1355 (Gtogow) for the Odra River and from about (Bukéwka) to 480
(Zelazno) for the tributaries. In general it can taesl that the flood potential
for the Odra increases with basin growth. Alsoutdbies of the Odra River,
with larger basin areas have greater flood potk(fig. 1).

Flood risk index WZP / FR} is a measure that describes
floodgenerativity in terms of flood risk.

MWW - Qdozw

WZR(FRI) = == S

)
where:

Quozw — NONdamaging flow (Qgr - boundary flow of safetyQraxses) [Ozga-
Zielinska 2003]
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MWW- maximum probable spate (@ 0,01%) [BERGA 1992].

WZP (FRI) defines the actual level of flood risk, reoang that the
threat occur only after exceeding the boundary flaetermined by local
conditions WZP (FRI) succinctly describes the scale of local doisk.

Q0ST

5.0 .5

T WA=

PRotengat ponodzony (H
991-6888

6888- 1653
16653 - 47949
# | 4m.49-82344)
1 | 8B4-13B7

oo [ ] caricawgen

Fig. 1. Variability of flood potential in gaugingass-sections within the Lower
Silesia Province

Designation of this measure allowed for the idécation of areas with
the greatest flood risk potential for the LowereSia province. Indicator of
flood risk should be considered as high. It isange from 0.7903 on Widawa in
Zbytowa section to 0.9887 on Bystrzyca in LubachBer. the middle Odra, it is
in range from 0,8486 (Otawa) to 0,91&ihawa) (Fig. 2.).

Complementary floodgenerativity indeXVKP/CFI) is a measure that
describes floodgenerativity in terms of the largkst so far observed.

MWW —WWQ
MWW

WKP(CFI) = 3
gdzie:

MWW- maximum probable spate (€ 0,01%) [Berga 1992]

WWQ- the highest observed flow in multi-year,
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WPKI/CFI rate, determines the level of current "mdt@inment" of
maximum floodgenerativity, which is a measure of MMWIt is therefore
complementary (supplemental) part of floodgenettstiwhich can be expected
in a situation of occurrence of flows that are éarthan the largest previously
observed, i.e. from WWQ. In other words, it deteres the level of potential
possibility of exceeding the highest flow obserydviously [Ozga-Ziefiska
2003].

Value of complementary floodgenerativity indicatarhich provide the
degree of non-attainment of MWW, in the provincelLofver Silesia for the
Odra basin ranges from 0.0 to 0.947. For Odra wittower Silesia province
this indicator is relatively low, ranging from 0i® Trestno to 0.3 in Scinawa.
This indicator has very high values for some of ttileutaries of Odra River.
For most of them it reaches values above 0.4, anfll§za, Bystrzyca Widawa
and Kwisa it exceeds 0.9 (Fig. 2).

5. FLOOD RISK ZONES

According to the Water Law (Article 79, paragraphf@ the purpose of flood
protection planning, the Regional Water Manageni&wdrds are required to
determine the borders of flood waters range, ofeatan probability of
occurrence. These areas [D.U. 115 z 2001 r] aresidered i.a. in the
preparation of development plans of the provinag iarthe study of conditions
and directions, and they are called the flood dekes. These areas include
littoral zones of rivers, which at the time of tffleod are flooded by an
overflowing river. The extent of these zones issdeined by the flow adopted
as dependable for the zone. Flood risk zones asecided with flood
protection zones, and in fact they are determiedstablish protection zones
[Ozga-Zieliska 2003].

5.1 Flood risk zones for water of Q1% probability
Floodplains for Lower Silesia region were deterrdiron the basis of existing
maps that identify areas of potential flooding f@1% flows, and by
interpolation of probable water table elevationfcdated for gauging cross-
sections. Interpolation between gauging sections peaformed with the use of
cross-sections of the river bed and valley. Wadbtet elevations in individual
sections were calculated using the computer progidviKOR" developed by
R. Dabrowski and R. Eliasiewicz of Agricultural Univergi

The analysis of the areas flooded by waters likelysurpass Q = 1%,
shows that the areas potentially at risk in Lowdest covers the adjacent
areas along the following sections of rivers:
— River Odra within the province of Lower Silesia,
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— River Nysa Klodzka from Mdzylesie gage the border of province,
- River Ofawa from Henrykdw to the estuary,

- RiverSleza from Marcinkowice to the estuary,

— River Bystrzyca from the reservoir Lubachéw te #stuary,

- River Widawa from the voivodship border to theuasy,

- River Kaczawa fronSwierzawa gage to estuary,

- River Barycz from kki gage to the estuary to River Odra,

— River Bébr from the reservoir Bukdwka to the esju

These areas were prepared on the basis of ,Develapof range of
controlled flooding of rivers in the RZGW area, itakinto account Q1%, and
the maximum states of the observation period” [Tokgk 2002].

5.2 Flood risk zones of 1997

Floodplains Danger zones for historical floods waetermined on the basis of
flooded areas during the flood of July 1997 in tlwsver Silesia province, and
prepared on the basis of "General protection gjyadgainst flood of the upper
and middle Odra basin after the great flood of JL8@7". During this flood
areas along the following rivers have been flood:

— Odra River within the Voivodeship of Lower Silasi

- River Olawa from Kazandéw, to the estuary to ORigser, with estuary
sections of tributaries: Podgorka, Krynka, tribytar Biskupice and Gnojna,

- River Sleza from Sienice to the estuary, along with estusegtions of
tributaries: Krzywula and Ksgjinka and rivers Oleszna and M&laza,

- River Bystrzyca from the reservoir Mietkdw, alongith the River
Strzegomka from Pyszczyn, and Czarna Woda from caasko,

- River Widawa from the province border to the asju

— River Barycz from Milicz to Sutéw Milicki, and &m Bartkow, including
the estuary section of tributary tacha.

It is estimated that during the food in 2010 theximaim flow in
Wroclaw Floodway System amounted about 2266 ftompared to 3600%s
in 1997) and was the limit for the flow of the wasgystem. Without limiting the
flow on the reservoirs of Nysa Klodzka cascadesdssin the region of Lower
Silesia would be incomparably higher, including \&leav itself [Kosierb 2011].
Probability of flood discharge waters in July 199¥,much higher than the
likelihood of potential floods of Q = 1%. In additi, during the flood of 1997
there were numerous damaged embankments and hgdiauices, which have
contributed to the growth of the flooded area [Trokgk 2002] Hence the flood
of 1997 can still be considered as the biggestraost catastrophic [Kitowski,
Lubacz 2010].
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Fig. 2. Variability of WZP ERI) and WKP CFI) coefficients in gauging sections in the
province of Lower Silesia

5.3 Flood risk zones prepared in the project ISOK

Currently Directive 2007/60/EC on the assessmedt management of flood
risks requires all EU Member States to developdlbazard maps and flood
risk maps (in accordance with Article. 6 — untidesf 2013) and then develop
flood risk management plans on their basis (in edammce with Article. 7 and 8
— until end of 2015). Currently, preliminary flooidk assessment is created in
the project “Global Monitoring for Environment aBecurity” (ISOK) financed
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by the European Regional Development Fund undedrthevative Economy
Operational Programme. The project is implementad the Institute of
Meteorology and Water Management - National Re$earstitute (IMGW —
PIB Flood and Drought Modelling Centers) in consmnt with the National
Water Management Board (KZGW), Head Office of Gesydend Cartography
(GUGIK), the Government Security Centre (RCB) artk tinstitute of
Communications. Created maps are based mainlycomaination of data from
laser scanning of high accuracy and hydraulic nodeland are aimed to
provide a diagnosis of intensity of the floodingdatime level of its potential
adverse effects. Therby maps of areas of directpntential flood risk after
opinion of the council of municipalities, districésd provincial assemblies are
the basis for the verification of land use planrikgowski 2011].

6. SUMMARY

Flood risk assessment of Lower Silesia was basatiemanalysis of the process
of formation and the causes of flood, its size,rabgr of the course, time of
movement, period of occurrence and the location tendkorial extent. Flood
risk size was determined on the basis of an armsalykithe floodgenerativity
status indicators and based on maps of historigtdnpial flooding. The article
uses the existing elaborations and observationrag@asurement materials of
IMGW.

The source of the floods occurring in Lower Sileaia mostly summer
freshets especially in July and August, causedifly precipitation, especially
in the mountain areas of Odra River and its tribata especially Nysa Klodzka
and Babr.

The greatest flood potentidPq / Fp, in the Lower Silesia region, occurs
in the pravalley of Odra River and basin of Nysaddka, Bobr and Kaczawa,
as evidenced by the designated zones of histofiedy 1997) and potential
floods (Q = 1%). However, the greatest flood rigkZP / FR) is concentrated
in a few regions of Odra River basin ie basins gbtByca, Nysa Klodzka,
Kwisa, Sleza and Nysa Szalona. In addition, attention shdadpaid to the
reduction of flood risk by reservoirs, which is esjally visible in Bystrzyca -
Mietkdw reservoir WZP / FRI= 0.9887 in Kraskow and/ZP/ FRI = 0.9498 in
Jarnottowie) and in Kwisa, Zlotniki and &ma reservoirsWZP/ FRI = 0.9533
in Mirsk andWZP/ FRI = 0.8986 in Léna). Flood risk in the section below the
reservoirs is much smaller than in the upper phatth® basin. Areas with a high
ratio of theWZP/ FRI are the areas where people should not live, nouldh
not be located any permanent economic facilitighavuit flood protection.

Complementary floodgenerativity indeXVKP / CF) of Lower Silesia
province shows that the largest possible floodsrigkrelation to those already
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observed, may occur in the basins of Kwisa and rBysa as well as Widawa
andSleza. However, this index is significantly lower fitre basin of the upper
Nysa Ktodzka. This may suggest that in the caddysh Klodzka as well as the
Oder the catastrophic floods that would be expecoteg slightly exceed the
largest observed so far.
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ZAGROZENIE POWODZIOWE WOJEWODZTWA DOLNSLASKIEGO
Streszczenie

Powodzie to naturalne i losowe wydarzenia powschijliczne szkody w rolnictwie,
przemyle i mieniu ludzkim. Analiza materiatéw historycahywskazujeze najweksze
powodzie w wojewddztwie dolstaskim wystpity w sezonie letnim, najezciej w lipcu

i sierpniu. Wydarzenia teysajczsciej spowodowane przez rozlegte i intensywne opady
w obszarze gérnego biegu Odry i jej lewostronnyoptgvéw (Nysa Ktodzka, Bébr). W
skali okrélania zagraenia powodziowego w regionie waa jest znajomi& wskaznika
potencjalu powodziowego, wskaika zagraenia powodziowego i wskaika
potencjalnej powodziogenta. W artykule podano informacje o tworzeniu stref
zagraenia powodziowego, w tym tworzonych w ramach priajé SOK.
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THE DIRECTIONS OF PROTECTION AND
DEVELOPMENT OF NATURAL ENVIRONMENT OF
A METROPOLISON THE EXAMPLE OF THE POZNAN
METROPOLITAN AREA
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Division of Architecture and Urban Planning
Szafrana st 1, 65-516 Zielona Géra, Poland

The aim of this study is a presentation of isswated to directions of changes which
take place in natural environment in heavily urkadi areas, in a metropolis and the
interaction of the central city and municipalitielsthe metropolitan area in the issue of
natural environment. It shows natural environmentaa important factor influencing
functional and spatial conditionings of a metrofzoliarea.

Keywords: natural environment, metropolitan areatropolis

1. INTRODUCTION

The spatial planning and development act of 27 M&@03 introduced the term

'metropolitan area'. According to the act, it ie threa of a city and its

functionally related surroundings. For a metropaliarea, a land development
plan of the metropolitan area is prepared as gaheoland development plan of
the voivodeship.

To specify a metropolitan area, the primary impactais the delimitation
of its borders based on adopted assumptions andeaspectrum of delimitation
criteria. The aim of delimitation of metropolitarreas is designation of
settlement schemes which, in terms of functionad apatial relations and
advancement of urbanization processes, will prowdegrity and will differ
only in the administrative status of included temal units (Z. Gontarski,
,Obszary metropolitalne w Polsce”. Polska Akademidauk, Komitet
Przestrzennego Zagospodarowania Kraju, Warszaw@ r1p8

DCorresponding author. E-malil:borucinska-bienkowska@ib.uz.zgora.pl
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I Metropolia Poznan
Poznanski Obszar
[ Metropolitalny

Fig.1. Area — central view —diagram Source: authetudy — based on “the Pozna
Metropolitan Area” Wielkopolskie Biuro PlanowaniazBstrzennego w Poznaniu
(regional spatial planning office in PozZ)aPozna 2006

The delimitation of the PozhaVetropolitan Area was conducted on the
basis of studies and analyses of urbanization psg=ein relation to the area
surrounding the city of Pozaan the following research aspects.

Pozna Metropolitan Socio-economic environment expresatat alia by

demographic changes such as population density dymamics of

population growth;

1. Accessibility of public transport expressed by 30 isochrone of a journey
by public transport in relation to the distancel6f 30 and 50 kilometres to
the centre of the metropolis and 60 min isochroha @urney by public
transport in relation to the distance of 10, 30 &@dilometres to the centre
of the metropolis;

2. Natural environment expressed inter alia by vaddran of agricultural
production area, index of forest coverage, areacgmtage of nature
conservation units in municipalities;
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3. The delimited PoznaMetropolitan Area covers 45 municipalities inchugli
Pozna. The area includes 10 poviat towns and 15 othen$o The acreage
of the area equals 6205 kr(20.8% of the area of the voivodeship). The
Pozna Metropolitan Area is inhabited by 1326.9 thousgedple, which
constitutes 39% of the inhabitants of the voivodesiThe population
density is 214 people per 1 knwhereas the average population density in
the voivodeship equals 112 people per £.km
After: Pozna Metropolitan Area, Wielkopolskie Biuro Planowania
Przestrzennego w Poznaniu (regional planning officé®ozna), Pozna
2006.

I Miasto centralne - Poznan
[ Gminy w strefie [ pierscienia
[ 1 Gminy w strefie II pierscienia

Fig. 2. Pozna Metropolitan Area — central view — diagram. Souaigthor's study
based on the spatial development plan of the Gr@atand Voivodeship — the Pozna
Metropolitan Area, wielkopolskie Biuro Planowaniez@strzennego in Poziéregional

spatial planning office in Pozfig 2003

The delimitation of the PozhaMVetropolitan Area was conducted on the
basis of studies and analyses od of urbanizatioogsses in relation to the area
surrounding the city of Pozaan the following research aspects:

— socio-economic environment and spatial developmerpressed by
demographic changes and changes in the socio-eeorstracture of the
population
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— transportation accessibility and distance exprebyeal 30 min. isochrone of
time accessibility of means of public transportatmd a 30 km isochrone of
distance; natural environment.

2. RESOURCESOF NATURAL ENVIRONMENT

The quality of natural environment is directly degent on the condition of
biotic elements of nature. The problem of anthrepsgion on natural
environment exists in highly urbanized areas, aggi@ations and metropolises.
The anthropopression occurs where it is charaetiiy/ superior assets, where
geodiversity and biodiversity occur. Apart from dieguate level of knowledge
related to this issue in society as well as inllgcaernments, there is the lack of
systematic solutions, including inter alia a systefhsufficient compensations
for individuals who accomplish pro-ecological aoBo connected with
optimizing energy consumption in households andemire residential and
farming areas.

The questions of ecology are better and better grézed and
implemented on the local level and beyond. The afleeducation in local
governments and local communities increases. Rilmgical actions are
undertaken in all fields and at all levels begignifrom the increase of
awareness in scientific circles by the introductminpro-ecological issues to
schools at every level of education. This increglginbetter ecological
awareness contributes to numerous actions inetidiof economic and social
existence. A sustainable development has becomaitheof actions of local
communities as well as local authorities at theagioal, economic and social
level.

Climatic and hydrologic conditionings contribute teater shortages,
especially for farming purposes, but also to detation of water purity in lakes
used for recreational and touristic purposes wittiea Pozna Metropolitan
Area. The problem is the deficiency of water ratemtin reservoirs, little ground
retention and lack of storage reservoirs regulatiager flow in the catchment
area.

There is a slight danger of flooding for the Pazdetropolitan Area
from the Warta river, but it is possible only intexme cases. It is influenced by
the river control conducted over the years and nigagion of flood plains,
which causes low accumulation of overflowing wafdne share of flood plains
in the Pozna Metropolitan Area constitutes only around 5% imatien to
endangered areas in the Greater Poland voivodeBh@status quo is assured
by the storage reservoir 'Jeziorsko' located neamupper catchment area of the
Warta river between Sieradz and Uniejéw.

During the flood (also called the flood of the aew) in 1997, the flooded
areas covered the MosiSaem part (especially the area of Rogalinek) of the
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Pozna agglomeration, fragments of oxbows, meanders habhon and flood
plains to the north of the water intakezliina', causing health risks. The natural
polders of the Warta river played an important ioléhe reduction of the risk of
flood; they included the part devoid of dikes frdfowa Wie Podgorna t&rem
and fromSrem to Rogalinek.

Small storage reservoirs are important for the llecevironments. They
are: Kowalskie LakeSrédka, Iwno, and Malta Lake, and ponds: Olszak,
Browarny, Mhnski, Antoninek, and Radzyny. The protection agaiitebds
from the Warta river and its tributaries are emimaekts, which protect cubature
objects. The length of embankments of river valleysommunes on the Warta
river equals 38.1 km, including 10.0 km of girdlmankments within the
borders oSrem.

The directions of natural environment protectionl alevelopment cover
actions within the range of energy, underground sundace water protection
and rational water management. Inadequate amotidisn&ing water, its high
consumption and overuse of underground watersighh\h urbanized areas
enforce actions to modernize water intakes, waterditioning plants and
power transmission grids in order to minimize tbssl during the transfer. It is
necessary to build local intakes and maximally cedunderground water use for
industry by the introduction of new technologicaldlopments.

The problem conditioning the development of a nmpihs is provision of
adequate high, rule abiding standard of living wifiabitants, but above all,
access to drinking water in sufficient amounts aationalization of energy
consumption by the use of alternative sources.

The conditions for having access to proper qualitgking water are:

1. Maintenance of balance in natural environment amdnaximal protection
against uncontrolled urbanization;

2. Protection of existing drinking water resourcesrigorous application of

protective zones around water intakes;

Reservation of area for new water infrastructuogifees in spatial planning

Building water mains;

Modernization and automatization of water supplgngd and pumping

stations;

6. Building missing fragments and modernization of #hasting water-pipe
networks;

7. Constant monitoring of facilities and water intakes

For environment protection, apart from water-pigéworks, an efficient
sewerage system including the sanitary and raitesyss also important.

For reliable wastewater collection and its propeutralization, necessary

akrow

are:
1. protection against uncontrolled urbanization;
2. Efficient sewage treatment plants;
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3. Modernization and development of pumping mains l@aay existing
sewage treatment plants;

Reservation of an area for new sewerage infrastrediacilities in spatial
planning;

Building sewage systems in new housing estates;

Building storage reservoirs;

Use of alternative ways of rainwaters disposal gplication;

Development of rainwater sewage systems with ahggfacilities as well as
building and development of facilities storing naaters in water catchment
area.

Reasonable waste management is yet another factimencing the
quality of urbanized environment, especially aréasvily adapted, such as
metropolises. It should be based on waste sontéwycling and introduction of
technologies reducing detrimental effects and arsoohindustrial waste. There
is a need for application of standards in hier@shof waste management.
Currently working waste dumping grounds in the RhzMetropolitan Area
which have long forecast operating life, as wellveasste dumping grounds
designed in land development plans, all assurpeprand non-colliding waste
management.

It is vital to introduce systematic solutions t@lplems of industrial waste
management and issues related to pesticide buredsaand medical or
veterinary waste.

Nature conservation, development of technical siftecture, rational
management of water, sewage and waste as welpéisajon of pro-ecological
sources of heat energy will directly contributetie protection and development
of natural environment of an agglomeration.

The directions of protection and development ofRloegna Metropolitan
Area, apart from essential actions connected withriical infrastructure within
the scope of environmental protection, should asstime continuation of the
concept of wedge-shaped / ring-shaped system efigrg for the city of Pozia
devised by prof. WiadystawCzarnecki and Adam Wazkaicin the 1920s and
1930s. The wedge-shaped / ring-shaped system ef@ng was the basis of the
structure of land development plans in the city alstinguished it in the
country.

The role of green areas in the structure of theisitrreplaceable, so it is
important to aim at the preservation of existingowgces and change and
develop them in a creative way. The function ofidoand pro-health functions
of these areas increases. They decide about thigycared comfort of life, well-
being and health of inhabitants of an agglomeratierks and gardens have
always distinguished precious architectural objesntsl enhanced the social
status of their owners.

»

©NOo O
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In an urbanized agglomeration with dense streavar&tand tight built-
up area, greenery was pushed aside. The incregsm-gftological awareness
and social needs of living in healthy environmentéd actions which favoured
preservation of precious green areas, as well ag tmodernization and
development.

The legal act of 16.04.2004 on nature preservatmnl the legal act of
03.02.1995 on farming and forest afeabliged communes to proper care of
greenery and trees. The character of greenerytiescis very diverse and
depends on buildings. Greenery is different in srefahousing estates, where
gardens have utilitarian, decorative and recreatiéunctions; in city centres;
and in housing estates, where greenery forms aeggrdrk for all inhabitants
and has a function of public space. Greenery paated into building areas is
diversified with small architectural elements, geyunds, and has the
recreational-rest function.

Plants along routes, which play the role of isolatisoothe noise, stop a
part of exhaust fumes and dust, are subject toyhdagradation. Parks, lawns
and city gardens create larger enclaves of greemedyshould be thoroughly
protected. In the suburbs, in communes of metrtgokreas this role is fulfilled
by manorial, church and cloister parks with a widage of trees and bushes,
diversified by ponds that make attractive enclaues ecosystems.

The main roles of greenery in cities are:

1. Creation of landscape and enhancing estheticalitactiral and spatial
compositions;

2. Neutralizing pollution and diminishing noise;

3. Creation of microclimate;

4. Giving inhabitants an opportunity to contact natune everyday basis,
enabling recreation and rest;

5. Creating social spheres in parks.

Green areas are devised in physical managemerg plaththe owner of
the area is responsible. Greenery, especially aviyeurbanized areas, has
become even more valued element of the functiguaties structure in existing
town-planning systems and designed housing, seavidgarming facilities.

Greenery in metropolis should be embraced by:

1. Protection of existing green areas;

2. Renewal, modernization, protection and developm&ntexisting green
areas;

3. Saving old trees which are naturally and sociatgcjpus;

4. Work related to the improvement of safety for usgrgreen areas, including
proper lighting and paving park paths, safety aSpges and bridges;

1Dz. U. Nr 92, poz. 880
2Dz. U. Nr 16, poz. 78
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5. Tidying of existing forest areas, including the sibeside the road;
6. Proper condition of little architecture and playgnds for children.

These actions enable proper functioning of greemasaof a metropolis,
create friendly environment and influence the improent of social
relationships among users of common space, andateyan element creating
healthy living environment. Another form of greené made by monumental
cemeteries often placed in the centres of metrep®liTheir function, apart from
the fundamental one, is also extended by diverget@es and fine tomb
sculptures.

The role of greenery is not only limited to the legical aspect, but also
has social, esthetic and functional-spatial aspects

The Pozna agglomeration is composed of the central city emimunes
of zone | and 1l of the ring. The Pozn&letropolitan Area is composed of the
central city — metropolis and communes from theeziohl and |ll.

The communes adjacent to the central city, whiehuader its functional-
spatial and socio-economic influence, belong toezbiThe communes in zone
Il are significantly less connected by factorsndiionings and economic or
social relations than communes in zone | and Iweleer, factors, conditionings
and ecological relations play an important paruibanization processes of a
metropolis.

Natural bonds of the central city and communesteraacommon system
and in many aspects introduce social developmethieofvhole metropolis.

3. DIAGNOSISOF NATURAL ENVIRONMENT RESOURCES

One of the most important problems in the PaziMiztropolitan Area is uneven
location of natural areas, which form ‘'ecologicslamnds’. Many of them are
beyond protected areas, which causes their fudibgradation.

The development of building industry and the camskack of investment
areas cause that numerous natural areas are bgcdevielopers’ target. Natural
environment of adjacent communes is more and modargered due to
increasing anthropopression. However, the procéssrlmanization will not
diminish, so a deep analysis of all location decisiand local plans of spatial
development made according to the rule of susténalevelopment and
investments will reduce their negative effects.

The dynamically developing city of Poznalaims further farming areas,
especially in adjacent communes in zone | of thg.riRoad and technical
infrastructure construction tightly connected vittle development of the Pozna
Metropolitan Area cause further reduction of graezas and farmlands.

Also, degradation of the Pozan®etropolitan Area is caused by external
factors, such as improper agricultural actionstional energy management,
global warming and reduction of the amount of dmngkwater.
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ELB30001S

WARSZAWA

N

) BLB30000

1 ‘ National parks Areas of protected |:I Special protection areas

landscape for birds
Wielkopolski National Park 1 Notecka Forest PLB300015 Notecka Forest
| Natural landscape parks > ' cina River Valley and PLB300013 Samica River Valley
Gotaniecko-Wagrowiecka PLB300006 Zgierzynieckie Lake
| Zielonka Forest Landscape Park Trou_gh ) ) PLB300017 Rogalinska Nature Refuge
2 Lednica Landscape Park 3 Samica Kierska River Valley  PLB300002 Middle Warta River Valley
3 Promno Landscape Park in Such)_f Las commune
4 Rogalin Landscape Park 4 Pawlowicko-Sobocki area ® | Nature reserves
5 Dezydery Chlapowski 5 Biedrusko area
Landscape Park 6 Trough of Lusowskie Lake Border of the Greater Poland
6 Zerkowsko-Czeszewski and Sama River Valley (Wielkopolskie) Voivodeship
Landscape Park 7 Area of Niepruszewskie

Lake in Dopiewo commune
8 Wirynka River Valley
9 Cybina River Valley
in Nekielka Border of Poznan Metropolitan
10 Area of Reception Basin Area, zone I of the ring
of Kéricko-Zaniemyskie
lakes in Kornik commune
11 Sredzkie Marshes

Border of Poznan Metropolitan
Area, zone II of the ring

Border of the City of Poznan

Fig. 3. Protected enwironmental areat of Pdazavatropolita Area.
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After recognition of the state of natural envirommneesources of the

Pozna Metropolitan Area, it may be ascertained that thegsess a significant
value thanks to the existence of:

Diverse farming-forest-meadow environment with éaggantities of surface
water;
Compact complex of agricultural production areaghwhigh quality
classification;
Favourable ground-water conditions for the develepimof building
industry;
The Warta river being the main ecological axis;
Good forest coverage — 21.3% of the Pdzheetropolitan Area (10% of the
Greater Poland voivodeship);
Good amount of natural resources, gas depositsmhewaters with
industrial signification for local purposes.

It may be assumed that the most serious threahéoenvironment in the

process of changes and development occurs in adjaoexmunes, in zone | of
the ring.

The diagnosis of the state of the environment ilacaht communes in

zone | revealed that negative factors influencihgnges in environment may
include:

1.

Reduction of valuable farming and natural areas by:

a. development and creation of road and railway ndts/or

b. development and creation of linear technical irifraedure

c. development and creation of housing estates withmmunes

d. development of area-consuming fields of economy

e. creation of large shopping centres in the commidri@mowo Podgdrne
and Komorniki

f. creation of large waste deposits

Pollution of water and atmosphere by:

a. lack of sewage systems and rainwater drainage urlzdnized areas

b. emission of harmful exhaust fumes resulting frorffedent emission
sources

c. improper agricultural actions

Degradation of greenery by:

a. treating green areas as a reserve for buildingsiingu

b. excessive emission of harmful exhaust fumes inagtytres

c. inappropriate way of winter road maintenance duexcessive use of
chemical compounds destroying trees

d. no planting of greenery as replacement in greessare

e. inappropriate maintenance of existing greenery
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SKOKI

The Warta River

Functional-spatial barriers of Biedrusko Training Area

5

— Border of Pozn_al'l Metropolitan Area, E Forecast and directions of dynamic functional-spatial
zone II of the ring transformations of communes

F e, ] et i

—— ader ot iy o Poma b i

=——— Borders of poviats m Environmental barriers (WPN, OCHK)

— Borders of communes |: Protections of highly valued soils

== A2 motorway m

Fig. 4. Forecast of directions-spatial transforovadiof communes within the
impact zone of the central city, impact of the seetonomic potential and
predispositions of local communities, and impadbe#l authorities on
transformation and development
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4. CONCLUSIONS

One of the most basic problems of the Péazhgetropolitan Area is uneven

distribution of natural areas. They form ‘ecologigslands’, which under

anthropopression, are being diminished. The dewedop of building industry
and constant lack of areas for investments causentiany naturally valuable
areas of metropolis become the target of developettons. The developing
central city, Poznma takes over further farmlands, especially in tlgaeent
communes. Road constructions and technical infretstre tightly connected
with the development of the PoZnd/etropolitan Area causes reduction of
natural areas and areas for agricultural industry.

Such further actions will lead to significant dedption of natural
environment, especially in the adjacent commune®ire I. In zone Il and 111 of
the ring, communes remain more agricultural. Dexmsaplexes of soils of high
guality classification form areas of intensive fargnindustry, which makes it
impossible to change their purpose. Agriculturaloduction areas of
metropolitan area with a high rate of soils witigthiguality classification forms
a certain barrier for further intensive urbanizatiRational management of area
by sensible, sustainable functional-spatial andas@economical development
may stop the chaotic urbanization of areas in comgadorming a metropolitan
area.

Protection of environmental values of agglomeraiamd metropolitan
areas can be achieved through implementation e$ rofl eco-development, such
as (inter alia):

— systemic approach to areas of high environmentlleyatreated as an
element of functional-spatial structurization;

— prevention of intensification of real estate depehent, inter alia through
execution of investment absorption capacity of \aeiarea in compliance
with ecological priorities;

— introduction of a compulsory system of analysesaistruction (housing)
market capacity to prevent overinvestment of tinella

REFERENCES

1. Borucinska-Biekowska H.:Wptyw transformacji spoteczno-gospodarczej
kraju na mechanizmy rozwoju aglomeraciji i gmin.\Rajzaglomeraciji
poznaiskiej i gmin WielkopolskPAN oddziat w Lublinie, TEKA KOMISJI
ARCHITEKTURY, URBANISTYKI | STUDIOW KRAJOBRAZOWYCH,
Tom IV B, Lublin 2008.

2. Gorzelak G., and Stkowski M. :Metropolia i jej region w gospodarce
informacyjnej.University of Warsaw. Warsaw: Wydawnictwo naukowe
SCHOLAR, 2005.



The directions of protection and development of natural environment of a metropolis ... 31

3. Gorzelak G.Polska regionalna i lokalna dwietle badé EUROREG-u.
The Centre for European Regional and Local Stuatiémiversity of
Warsaw. Warsaw: Wydawnictwo naukowe SCHOLAR, 2007.

4. Schneider - Skalska G<sztattowanie zdrowegwodowiska
mieszkaniowegdrchitektura. Krakow University of Technology. 200

5. Skibniewska H., Bdkowska D. and Goriska A.: Tereny otwarte w
miejskimsrodowisku mieszkaniowym. Warszawa :PWN, 1968.

6. Plan Zagospodarowania Przestrzennego Wojewddztwikdyiolskiego —
2001.Pozna: WBPP, 2001.

7. Studium Rozwoju Przestrzennego Wojewodztwa Widtapgo-
Aglomeracja Poznaska 2003Pozna: WBPP, 2003.

8. Studium Uwarunkowai Kierunkéw Zagospodarowania Przestrzennego
Miasta Poznania - 200&®20zn&: MPU, 2008.

9. Studium Rozwoju Przestrzennego. Uwarunkowania RozRozna:
WBPP, 2003.

KIERUNKI OCHRONY | ROZWOJUSRODOWISKA PRZYRODNICZEGO
METROPOLII NA PRZYKLADZIE POZNANSKIEGO OBSZARU
METROPOLITALNEGO

Streszczenie

Celem opracowania jest przedstawienie zagadniégazanych z kierunkami zmian jakie
zachodz w s$rodowisku przyrodniczym na terenach silnie zurbawinych,

w metropolii oraz analiza wzajemnych relacji miastantralnego i gmin obszaru
metropolitalnego na ptaszcayie srodowiska przyrodniczego. Pokazarfeodowiska
przyrodniczego jako istotnego czynnika wptyaeggo na uwarunkowania funkcjonalno-
przestrzenne obszaru metropolitalnego. Jednym zzniejgzych probleméw
Poznaskiego Obszaru Metropolitalnego jest nierownomiemogtozenie obszarow
przyrodniczych. Tworg one, ,wyspy ekologiczne”, ktére pod wptywem anwppes;ji
ulegajp ciaglemu zmniejszaniu. Rozwoj budownictwa agly brak terenéw pod tego
typu inwestycje powodujee wiele obszaréw cennych przyrodniczo metropadijesse
celem dziald deweloperow. Rozwijage st coraz bardziej dynamicznie miasto
centralne Pozna pochtania kolejne tereny rolnicze, szczeg6lnie mgrstykowych.
Budowa drdg i infrastruktury technicznggisle powhzana z rozwojem Pozaskiego
Obszaru Metropolitalnego powoduje kurczenig tgrendéw przyrodniczych i rolniczej
przestrzeni produkcyjne;.

Dalsze pospowanie tego typu doprowadzi do znacznej degrademjiowiska
przyrodniczego, szczegdélnie gmin stykowych strefpiérscienia. W strefie 11 i Il
piersicienia, gminy w wikszym stopniu zachowwjswoja rolnicz funkcjg. Zwarte
kompleksy gleb o wysokiej bonitacji twarzejony intensywnej gospodarki rolnej, co
uniemaliwia zmiany ich przeznaczenia. Rolnicza przestrgpedukcyjna gmin obszaru
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metropolitalnego o diym wskaniku gruntéw rolniczych o wysokim stopniu bonitacji
stanowi pewnego rodzaju bagerdla dalszej intensywnej urbanizacji. Racjonalna
gospodarka przestrzanipoprzez swiadomy, réwnowaony rozwdj funkcjonalno-
przestrzenny i spoteczno-gospodarczy zenopowstrzyma chaotycza urbanizacgi
terenéw gmin tworacych obszar metropolitalny
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The article presents the mineral composition ofapkyre and discusses durability of
minerals contained in the rock for the impact ofather conditions on stability and
strength of mineral rocks. The analysis showed thattested melafir contained too
many minerals not resistant to weathering. Thig fead a significant impact on the
exploitatnion of the new done motorway surface. $indace layer of the motorway was
made between June and November 2001 and at thenggiof 2003 there started its
renovation. The resulting rapid wear of the upparfaxe of the motorway may be
explained by an excessive content of minerals ti#zate gone rapid transformations
(weathering and oxidationi) the conditions of the top surface layer of thetonway.

Keywords: melaphyre rocks, motorway, surface layer

1. INTRODUCTION

The surface layer of the Konin-Wigga motorway section was made during the
period from July to November 2001. The layer wasdenfrom granulated
aggregate 0-20 mm in diameter derived from Boréwkd Grzdy melaphyre
quarry, bounded with modified bituminous mass. Thets of melaphyre
aggregates against grade and class requirementsonéidned that those grits
were the first class and grade [1,2,3] accordintheoPolish Standards [11,12,
14].

The binding layer of asphaltic concrete made astkteon samples that
were taken from the completed motorway also conéointo the standard
requirements according to Polish Standards [4,]15ABo, the adhesion of
asphalt to the melaphyre grit conformed to thedsash[6,13]

’ Corresponding author. E-mailchrzan@iis.uz.zgora.pl
" Doctoral student
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After the wintertime, in spring 2002, on the suodaof the roadway,
distinct signs of scaling and weathering were olestion the surface of larger
melaphyre grit grains. In August 2002, it was foutldht the number of
weathered grains had increased and some of theanthkis compactness and
disintegrated [10,7]. Between September and Novernb&003, due to the
above reason, which threatened the safety of movetucles, partial repairs
were carried out covering 1600 square meters. Tinlace of motorway has
been excessively worn and looks as if it were Usedt least 5 years. In this
paper, it is explained why the motorway has beemwo quickly.

2. ANALYSISOF DECREASE OF ASPHALTIC CONCRETE
STRENGTH ON MOTORWAY BINDING LAYER IN
RESPECT TO MINERAL COMPOSITION OF ROCKS

2.1. Description of melaphyre deposit

The melaphyre used for road construction come fdemposit that was formed
from basalt-type volcanic rocks in the Permian gubraround 350 million years
ago. The volcanic rocks created trachyte-basalthyite and tuff-type rocks. The
melaphyre deposit is mined in the quarries of BardwGrzdy and Rybnica

Lesna.

There are two types of trachyte basalts. The fuse includes rocks
coloured cherry-brown, cherry-brick and grey-violefthey have chaotic
structure and aphanitic texture. Cracks are filleith the ferruginous and
carbonate substance. The second type is the rouking from grey-brown
through grey-greenish to nearly black in coloure®tructure is aphanitic and
the texture is dense. Coursegrained breccia oftichéexture is also found.
Volcanic spalls are cemented with the ferruginond aarbonate binder. The
rock spalls are grey-brown and are of various aizeé aphanitic structure. The
sedimentary rocks are cherry-brown in colour andehfine-grained structure
with directional texture. They disintegrate intcegular small blocks. Rocks of
lava mudstone fraction are found in the depositctvimay have been the result
of lava flooding during volcano eruption of weatte layers from the previous
outflow.

The exploited rock is melaphyre-type aphanite leaaging from dark
grey to black in colour; solid but intensely cragkeock. The cracks make it
vulnerable to weathering and 0-10 mm sized rocKumped as waste [5] in
amount of 21% at Boréwno quarry, and 15% ate@yzjuarry.

This gives evidence that melaphyre in the Borowaarry is built from
minerals that are subject of stronger weatheriag that in the Gedy quarry.
The melaphyre in both quarries is built from minethat disintegrate under the
influence of temperature, air and water.
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2.2. Petrographic analysis of melaphyre

The petrographic analysis of Gd¥ deposit shows that plagioclases are found in
the form of small phenocrysts. Feldspars undergopitocess of sericitization
and carbonization, and weathering processes leadkamlinization. The
ferruginous substance infiltrates the strips ogealases. Dark minerals were
completely transformed. They were replaced with ratetl iron oxides
accompanied by concentrations of carbonates, apthoe of olivine there is a
substance that is difficult to identify. Chlorite riarely found. Pores are refilled
with calcite accompanied by ferruginous pigment. the pores there are
concentrations of chalcedony. Concentrations ofollite are often found.
Apatite, limonite and magnetite are accessory raisel/olcanic glass, brown or
orange in colour is also found. The rock groundmesssists of heavily
carbonatizated glass, perches of plagioclasedrasion and iron oxides.

3. MINERALOGICAL TESTS

The testing of samples collected from the Boréwnargy was carried out both
on fresh solid, not weathered samples, and on wesdhlow-cohesion samples
in a laboratory in Austria [9]. The petrographiaidy determined, as it is
specified in the Polish geological documentatioiBoféwno melaphyre deposit
[8] that in the melaphyre there are clay minerald plagioclases which undergo
weathering into quartz and clay minerals.

The contents of plagioclases in both cases waxehigh in samples from
Boréwno (58% to 76% according to Austrian study dnoim 45%, 75%
according to the Polish study).

Samples were collected from the Boréwno quarryvaede designated as:
- BO-2 - brittle grains taken from key aggregate 268rown, able to be
ground with fingers,

— BO-3 - sample taken from fresh gram,

— BO-4 - sample able to be ground with fingers,
— BO-5 - sample from 2nd production level,

— BO-6 - sample from 2nd level at the road.

3.1. Clay minerals

Clay minerals is kaolinite ranging from white talrer greenish in colour. It is
commonly found as a product of feldspar and alusilitates weathering. It
becomes plastic under the influence of water.

Clay minerals include kaolinite, which is a produwdft weathering of
feldspars and plagioclases that make up 60% ofddpmsit illite products of
feldspar and kaolin weathering. Commonly found congmts of clay rocks
such as kaolin, clay, silt, and rocks that are &mnm sea environment. These
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minerals are chemically related and do not differmacroscopic properties.
Their colour depend on iron admixture.

Montmorillonites are a dense concentrated wax. Toaiour depend on
iron admixture and ranges from white to black-browhey swell when flooded
with water. They discolour methylene blue soluti@emponents of sedimentary
rocks and hydrothermal formations of low tempemtuviontmorillonites are
created as the products of magma glaze weatherialixaline and heavily salted
environment.

3.2. Quartz SO,

Rock forming mineral, very durable and weatherprdtofnay also be found as
tridymite and cristobalite. Its colourless formdalled mountain crystal, other
forms are yellow, violet, black, pink, green. Itedonot reduce the strength of
grits in the motorway surface. A small content oz in the rocks causes that
the rocks are not resistant.

3.3. Plagioclases

According to the mineralogical testing of the depdkere is from 58% to 76%
of plagioclases in melaphyre. These minerals adiusocalcium feldspars,

which with increasing calcium content due to theatlering process,
disintegrate into kaolin, which is a clay minetfalmay not be ruled out that the
weathering process in melaphyre grits, which haguben the deposit, will

continue on the surface of the motorway.

3.4. Carbonates

Carbonate minerals such as calcite, aragonite,mitdoand magnesite are
products of hydrothermal formations and are founanelaphyre. They do not
undergo oxidation or weathering process. Howeygderyte (FeCg) is a
product of hydrothermal waters, and under the arfiie of water and oxygen,
that is possible on the motorway surface, transéanto iron hydroxides. It can
also contains admixtures of clay minerals and talcihat carbonate mineral
may have a great impact on the strength of gritshim motorway surface,
assuming goethite’s colour.

3.5. Oxides and hydroxides

These kinds of minerals occur in melaphyre with ¢batent ranging from 6 to
39%. They may be iron compounds, which are compsnehmagma rocks.
Goethite (FeOOH), a product of iron mineral oxidati may be also found,
which is also a product of low temperature hydrotied activity. The minerals
undergo considerable oxidation during one-year ogerfvisible change in
aggregate colour in the storage yard). The impiittedr content on grit strength
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in the motorway surface is difficult to determiridowever, the iron oxidation
process certainly reduces the strength of rockpoorants in asphaltic concrete.

3.6. Amphiboles

Amphiboles are important rock-forming ribbon sitiea and aluminosilicates
minerals. Four groups of amphiboles are distingdst) Fe-Mg-Mn, 2) Ca,
3) Na-Ca, and 4) Na. Amphiboles also include thenblende group usually
containing Na, Ca, K, Fe, Si, Al, Si@anging from light green to dark green in
colour, with density 2.9-3.4 Mg/finHornblende usually occurs in magma rocks
of any type from neutral, acid to alkaline.

3.7. Pyroxenes

Pyroxenes belong to aliphatic silicates and alusilivates. Group | consists of
Mg-Fe, Mn-Mg, Ca, Ca-Na, Na-type pyroxenes. Pyr@seare an important
group of rock forming minerals, which are creatédhigh temperatures and at
low water pressure. They are components of magroksrand metamorphic
rocks. They are not resistive to climatic factdierefore are rarely found in
sedimentary rocks. The colour of pyroxenes depesmsron and titanium

content. At small content, it ranges from whitegteenish, with larger content, it
is olive, brown or dark green. Orthorhombic pyroeeriorm the isomorphous
series from Mg to Fe, with distinguished enstatibeonzes, hypersthenes,
ferrohyperstene, eulite. Monoclinic pyroxenes idelufour minerals creating a
diopsyde-hedenbergite series built from Ca, Mg, $i€,. Pyroxene minerals
are not weatherproof. It is visible in table 1.

Table 1. Content of minerals in samples takenterBoréwno quarry [9]

Weathered samples Fresh samples
BO-4 BO-2 BO-3 BO-5
Clay minerals, 60 50 32 13
montmorillonites
Qartz 7 3 - -
Plagioclases 13 45 58 76
Calcite 15 - - -
Geothite 5 - - -
Amphiboles - 2 - -
Pyroxenes - - 10 11

Table 1. shows that montmorillonite and quartz &emed from
plagioclases. In alkaline environment montmorilteris formed, and kaolinite is
formed in the acidic environment. In the weathepnocess, iron hydroxides are
formed (such as goethite), which is not presergaimples taken frorthe fresh
rocks. The study shows that pyroxenes also disiatednto iron hydroxides and
calcite, which were not present in the fresh samplin the basis of tests and
analysis, it may be stated that melaphyre and ierals, used for the top layer
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have undergone oxidation and weathering proces$ed tause rapid
disintegration of melaphyre and compactness ofrtbrway top layer.

4. SUMMARY AND CONCLUSIONS

The petrographic analysis shows that melaphyreuif from the minerals,
which undergo weathering and oxidation under th#8uémce of water,
temperature, air and therefore it should not bel deetop layers of roads and
motorways.

In the melaphyre deposit of Boréwno quarry, thierise and developed
processes of weathering and oxidation take plabé&hns obvious, considering
21% of waste being dumped. This 21% of waste amsfithe petrographic
appearance of the rock in which there are mineratsresistant to weathering
and oxidation processes. The rock is not weathefpenmd this is a reason of
rapid disintegration of melaphyre grits containedasphalt. The mineralogical
analysis of the rock applied to asphalt mass makesssible to explain the
reason of rapid deterioration of the new motorwaysse:

1. Rocks containing more than 45% of minerals that @moé resistant to
oxidation and weathering processes despite confgrnbd all standard
requirements should not be used for the top layensotorways.

2. This type of rock includes melaphyre and gabbros.
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SKEAD MINERALNY SKAt MELAFIROWYCH A TRWALO SC AUTOSTRADY
Streszczenie

W artykule poddano analizie skiad mineralny melafitytego do budowy nawierzchni
autostrady oraz omowiono trwako poszczeg6lnych mineraldbw podatem ich
odporndci na czynniki atmosferyczne i og6inej wytrzymiioskaty. W wyniku analizy
stwierdzono,ze zbadany melafir zawierat zbyt duilos¢ mineratéw nieodpornych na
czynniki atmosferyczne, co mialo znacy wplyw na eksploatagj nawierzchni
autostrady; powierzchniowa warstwa autostrady palastpomédzy czerwcem
i listopadem 2001 r., a juna pocatku 2003 r. przyspiono do jej remontu. Szybkie
zwycie gornej warstwy autostrady wyttumaczono nadmierzawartdcia tych
mineratow, ktére pod wptywem czynnikéw atmosferypam stosunkowo szybko ulegty
przemianom.
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The article is the first part of a series concerned with the modelling of reactive powder
concrete by using a numerical homogenization technique. This technique is a multi-scale
modelling approach. Specifically, in this paper a two scale modelling concept was applied.
A model of reactive powder concrete (RPC) is considered whose behaviour on the macro
scale is described on the basis of the phenomena occurring in the microstructure of the
material. This approach provides the ability to take into account some complex phenomena
occurring in the microstructure and their influence on the macroscopic physical and
mechanical properties of the material. The method does not require knowledge of the
constitutive equation parameters at the macro level. These are determined implicitly for
each load increment on the basis of numerical model of a representative volume element
(RVE), which reflects the geometrical layout of particular material phases, their
constitutive relations and mutual interactions. In this paper the linearly elastic behaviour
of each constituent material is assumed within the small strain range. In solving the
boundary value problems formulated on the RVE for RPC, the finite element method was
utilized. A number of numerical test examples were solved which illustrate the influence
of inhomogeneities on the overall response.

Keywords: multiscale modelling, RPC, micro-scale, macro-scale, RVE,
computational homogenization, FEM

1. INTRODUCTION

Reactive powder concrete (RPC) is currently one of the most modern building
materials created on the basis of cement [2]. RPC is included in the class of

* Corresponding author. E-mail: a.denisiewicz@ib.uz.zgora.pl
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ultrahigh value concretes with the resistance to compression compared to steel.
They are also classified as composites with cement matrix of ultrahigh resistance
properties, and are often called the low-temperature ceramics. Thanks to the high
resistance and ductility of RPC concrete, we can significantly reduce the weight
and cross-sectional dimensions of structures built from it, while simultaneously
the designer is given a larger freedom in providing the structure with the fine
architectural expression and in overcoming significant spans. By virtue of the
good physical and mechanical properties of reactive powder concrete, it finds a
wide interest not only as the construction material, but also as the cladding
material for houses and other buildings, and even as a material for furniture
making (Fig.1).

a)

Fig. 1. Examples of applications of reactive powder concrete [9]: a) elevation of the Bus
Centre in Thiais France, b) roofing at the railway station in Calgary, c) a table

As an effective compuatational tool for determing and testing the material
properties of RPC concrete and for the needs of the static-strength analysis of
building and engineering constructions made of RPC, we have developed a two-
scale model of reactive powder concrete. The modelling approach used is based
upon the concept of representative volume element (RVE) and numerical
homogenization and leads to a complex computational procedure, so we decided
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to divide its presentation into two parts. In this first part, we shall discuss the
fundamental features of the microstructure of reactive powder concrete (Sect. 3)
and shall present the algorithm of numerical homogenization in the context of
solving the boundary value problem formulated for the RVE of RPC. Here all the
constituents of RVE are assumed to behave linearly elastic.

In Section 2 we skatch out the idea of computational homogenization. In
Sections 3 and 4 the characteristic properties of the RPC microstructure and the
corresponding RVE are outlined. The FEM approximation and the BVP posed on
the RVE are defined in Sections 5 and 6, and numerical results in Section 7.

2. COMPUTATIONAL HOMOGENIZATION

The concept of computational homogenization is diagrammatically illustrated in
Fig. 2. In the method of two-scale numerical homogenization, one determines the
response of a material at the macro-scale through an analysis of the material’s
micro-structure. On the micro-scale level the distributions of micro-stresses and
micro-strains are calculated, which via homogenization provide information on
the distributions of overaged macroscopic quantities. The whole micro-analysis is
carried out on the so-called representative volume element. This is the volume
assigned to a material point that is representative for a small surrounding of the
point. When the characteristic microscopic length is one order smaller than the
characteristic macroscopic length, we can take into consideration only effects of
the first order. In case of the RPC concrete, this condition is fulfilled. We can
assume that the characteristic dimension in micro-scale is that of the fraction of
ground quartz of 0.2 mm. While in the macro-scale it is the dimension of the cross-
section of the construction element, e.g. 0.2 x 0.2 m. The numerical
homogenization procedure is multistage and computationally complicated [3,4].

1 e U . _Gauss point integration
-
i C

"\ - Macroscopic strain

h 4 Y

& - Macroscopic stress

I'. Constraints conditions
| (deformation consistent with macrescopic strain)

Fig. 2. Idea of two-scale numerical homogenization
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3. MICROSTRUCTURE OF REACTIVE POWDER CONCRETE

Reactive powder concrete is invented with the aim of eliminating the faults of the

traditional concrete, which is especially achieved by minimizing its porosity to the

level of about 4%, by:

e using aggregates with granulation enabling the maximal packaging of
components,

e potentially maximal reduction of the water-cement index, with simultaneous
application of super-plasticizers,

o applying treatments of pressing in the initial period of the adhesive bonding
process.

The improvement of physical and mechanical properties is also obtained by
modifying the microstructure of the adhesive matrix by using the proper heat
treatment and thanks to using fillers of very small grains, e.g., ground quartz and
silica dust. Contrary to the traditional concrete, where the aggregate is the
reinforcing element but usually a chemically passive component, the micro-
aggregate in RPC concrete, which are usually quartz powders, exhibits the
pozzolanic activity. Two characteristic features of the RPC microstructure should
be mentioned [6]:

e very compact microstructure of the C-S-H phase
e very good adhesion of the C-S-H phase to mineral inclusions in the form of
powder grains and quartz sand and fibers

Sand 0,6 mm

Crushed quartz 0,2 mm

Relics of the cement grains ~ 0,05 mm

Fig. 3. Microstructure of reavtive powder concrete zoom 200x [6]
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4. REPRESENTATIVE VOLUME ELEMENT

In order to model the microstructure of RPC concrete with the composition as in
Table 1, in the first approximation step a two-dimensional representative volume
element (RVE) was assumed. RVE is modelled with the help of the finite element
method. In the calculations we have divided a square RVE into 2500 finite
elements, each with the size of 0.2 x 0.2 mm, i.e. each side of RVE of the length
of 10 mm is split into 50 equal finite intervals. A representative composition of
reactive powder concrete is listed in Tab. 1.

Pores 4% - 100 elements
. Crushed quartz 8,4% - 210 elements

Sand 40,52% - 1013 elements

Il Cement matrix 47,08% - 1177 elements

Fig. 4. Representative Volume Element (2D): cement matrix (red colour), sand of grain
size to 0.6 mm (cyan colour), crushed quartz of grain size to 0.2 mm (blue colour),
pores (yellow green colour)

Table 1. Representative composition of RPC concrete

Component Volume [kg/m3] Mass percentage [%]
Cement 705 28,20
Silica fume 230 9,20
Crushed quartz 210 8,40
Sand 1013 40,52
Superplasticizer 17 0,68
Steel fibers 140 5,60
Water 185 7,40
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Because of the random character of the arrangement of concrete’s components, a
stochastic approach to generating the RVE structure was applied (Fig. 4). Building
the structure consists of the random selection of an element (from the 50x50 grid)
and then also of the random assignment of a component (pores, crushed quartz,
sand, cement matrix) to the selected position. The basic size of the RVE
component was assumed to be equal of 0.2 mm. In case of drawing the sand
component, the process of arranging elements of the grid takes place according to
the scheme shown in Fig. 5, which takes into account the maximal size of the grain
of 0.6 mm. The extreme locations correspond to the smaller grains of the same
component.

i,j+1

i+1,j+

11 | i1, | i1+

1,j-1 i,j+1

1 i+1,) | i

Fig. 5. Principle of generating a RVE structure

For generating the total pseudo-random integer number ), from the

intervals of <1,4> (number of component) and of <1,50> (position of component)
there was applied a generator

}/n+1=int (X+(y_x+1)'xn+l) (41)

where x is the left endpoint of the range of drawing and y is the right endpoint of
the range of drawing, and
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X, =(@X,+b)modc
a=7°=16807 b=0 (4.2)
c=2%—-1=2147483647
It is the affine generator of pseudo-random numbers from the range of <0,1>. The
whole procedure of building the structure of the represented volume element is

performed by a computer programme written in the FORTRAN 90 language in
which the libraries [7,8] were used.

5. FINITE ELEMENT METHOD IN COMPUTATIONAL
HOMOGENIZATION

For solving the boundary value problems at the macro and micro scales, the
classical displacement version of the finite element method was applied. The 2D
domain under consideration 2 was discretized by means of the four node finite
element Q4 with two degrees of freedom at each node. The horizontal u =u(&,7)
and vertical v =V(&,n) components of displacement field u are approximated
with the bilinear shape functions

NG =5 A-E-n+8n) No(Em) =7 (+&-n-én)
(5.1)

Ny =5 Qs &4 e ) Ny(Em) =3 A=+ 2)

T
o
PR
IS

Fig. 6. Bilinear shape functions
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The relation between the components of deformation within a finite element and
its nodal displacements is described by the formula

11
e=| ¢,, |=0Ng=Bq (5.2)

2¢,,

in which O is the matrix operator of partial derivatives, Bis the matrix of
deformation compatibility consisting of the derivatives of shape functions N;, and

q' = [ul,v1 Uy, V,,Us, Vs, Uy, ,V4] is a vector of nodal displacements of the finite

element. The displacement field within an element Q, < €2 is expressed as
u=Nq (5.3)
wherein
N, 0 N, 0 N, O N, O
N :[ 0 N, 0 N, 0 N, 0 Nj G4
In modelling the components of microstructure, the linear elastic model of

isotropic material was applied. For the isotropic elastic material being in the plain
state of stress, the element stiffness matrix is defined by the formula

K° = [B'D,BdQ (5.5)
Qe
where
1 v, 0
E.

Dj=—=|v, 1 0 (5.6)

1-v, l-v

0 0 !

2

and i = 1,2,3 is the number of the particular component of microstructure assigned
to the finite element Q. .

The element stiffness matrix 55 of the material on the macro scale is
calculated by Eqg. (5.5), in which a matrix D is used instead of D, . The elasticity

matrix D of the homogenized material on the macro scale are determined by
solving the boundary value problem on the micro scale for imposed components
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of macro strain € . A finite element formulation of the boundary value problem
on the micro scale is considered next.

6. BOUNDARY VALUE PROBLEM

The boundary value problem of mechanics for the specified RVE after the FEM
discretization is solved by the minimization of the elastic strain energy function
with additional constraints

min, ¢(u) =%uTKu—qu st. Cu-g=0 (6.1)

The minimization problem (6.1) can be solved by using the Lagrange multiplier
method. However, due to a large computational complexity of the numerical
homogenization method the approach based on Lagrange multipliers is too time
consuming. Hence we follow an alternative approach [1, 3] that brings down to
the solution of the equations:

Ku=F (6.2)

where
K=Alcorc:+@) k] 63)
F=ADEI(C) - Q) KR (6.4)
Qi =1-RC; (6.5)
R; =(C)'[C(C)'T" (6.6)

In Egns. (6.3) and (6.4) the symbol A means the finite element aggregation of
e

matrices. To enforce deformations of RVE in accordance with the macro-
deformations € there were applied the displacement boundary conditions of the
first type

Cu=Ds=g° (6.7)

where

C: = [H,NTNdr 6.9)
r
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D; = [H,N"Xdr 6.9)
r

The matrices Cﬁ, Dﬁ and others involved in Egns. (6.8) and (6.9) are given in

explicit form in the Appendix. The master finite element Q, =(-11) x(-11)

together with definition of its boundary I" used in analysis is presented in Fig. 7,
whereas the way of integrating along the boundary in Eqgn. (6.10).

W

=" ol =Iul, Ul ul,”

Fig. 7. Master finite element Q4

[(@)(&m)dr = [()(&~DdE + [ ()L 7)dn
r -1 -1 (6.10)

+ [ ()(EDde + [()(-Ln)dn

7. NUMERICAL EXAMPLES

In this section we present the results of numerical tests we obtained as the solution
of the boundary value problem on micro-scale for the RVE shown in Fig. 14.
However, let us begin with tests checking the response of homogeneous isotropic
material to some imposed macro-strains. The forms of deformation (lighter line)
of one homogeneous element due to the enforced macro-deformations g , with
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values given therein, are displayed in Fig. 8. Test results for a homogenous
isotropic material and 5x5 finite element mesh are shown in Figs. 9 — 12
(deformed grids in darker line). As can be seen the obtained results confirm the
expected deformation modes of RVE. Figure 13 shows the distribution of micro-
stresses induced by sheering €' =[0 0 1] for three microstructures of two-

component material with isotropic components of parameters E;=20 GPa, v1=0.4,
E»=200 GPa, v,=0.4, and the 10x10 grid RVE.

1 ERE! BERIB 2
11 & =-1 11
&), = &y = En=
& = &, =0 & =
4 3 4 T3 s 3
1 2 [1 2 |t 2
= 0 _ _
11 £,=0 N
n = En=-1 En =
£,=0 5,=0 7,=-1
[ |
4 34 3% 3
1 3 [ 2
u=1 g, =1
&, =1 z,=-1
&,=0 £,=0
4 3 4 3
1 | -
&y =-1 g,=-1
&y =-1 g, =
£,=0 g, =

4 3 P 7

Fig. 8. Deformation tests on single-element homogeneous cell
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Tensile £={1,0.0}

5 — Stress Sigma 11

Horizontal displacements

Fig. 9. Tensile test for a homogenous material, deformed finite element mesh in dark line

Finally, Fig. 14 shows the distribution of stresses in a randomly generated
microstructure of RPC composed of cement matrix (47.08%), crushed quartz
(8.4%), sand (40.52%) and pores (4%). The used values of material parameters:
cement matrix E=30 GPa, v=0.16, crushed quartz and sand E=75 GPa, v=0.3.
The RVE was divided into 50x50 finite elements. The macro-strain imposed on
the boundary of RVE was € ={-1,0.2,0}.
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Compressive g={-1,0,0}

& Stress Sigma 11 Horizontal displacements
-3
4 — o
il 4
i -
-0
3 Lo 3
110
i "
2 — 130 2
14
-1 150
160 1
1 17
180
i o,
o I T T T T T I T | [ 1 2 3 4 5
0 1 2 3 4 )

Fig. 10. Compressive test for a homogenous material, deformed finite element mesh in
dark line
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Hydrostatic pressure
g£={-1-10!

Horizontal displacements Vertical displacement

o 1 2 E 4 L o 1 2 3 4 5
5 Stress Sigma 11
4 — 120
i
7 180
3 | 180
00
| 20
]
2 ZE0
- 200
350
1 — agn
340
] 260
° N L A I
[} 1 2 3 4 5

Fig. 11. Hydrostatic pressure test for a homogenous material, deformed finite element
mesh in dark line
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Shear z-=1{0.01}

e

Horizontal displacements Vertical displacement

w
@

1
o 1 2 3 4 [

Stress Sigma 12

Fig. 12. Shear test for a homogenous material
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Fig. 13. Shear test for a heterogeneous material
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Pores 4% - 100 elements
. Crushed quartz 8,4% - 210 elements
Sand 40,52% - 1013 elements

B Cement matrix 47 08% - 1177 elements

Fig. 14. Microstructure of the RVE, a) micro-stress distribution and
b) smoothed micro-stress distribution induced by macro-strain € ={—1,0.2,0}
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8. CLOSING REMARK

A two-scale numerical approach to the modelling of reactive powder concrete
(RPC) was presented, in which the layout of microstructure (2D case) is generated
randomly for a given composition of RPC. The boundary value problem on
representative volume element (RVE) was solved for the case of imposed (given)
macro-strains on the boundary of RVE. A computer program was developed and
herein results of some numerical tests are included. In the next part of the work,
results of a fully two-scale analysis will be presented as well as results of our own
laboratory tests curried out on cubes and beams made of RPC.
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DWUSKALOWY MODEL BETONU Z PROSZKOW REAKTYWNYCH.
CZESC I: REPREZENTATYWNY ELEMENT OBJETOSCIOWY (RVE)
| ROZWIAZANIE ZAGADNIENIA BRZEGOWEGO NA RVE

Streszczenie

Artykut jest pierwsza czgécia pracy dotyczacej modelowaniu betonéw z proszkow
reaktywnych przy zastosowaniu numerycznej homogenizacji. Technika ta jest podejsciem
wielkoskalowego modelowania. W tym konkrethym przypadku modelowania
dwuskalowego. Zachowanie modelu betonu typu RPC w skali makro (skala punktu
materialnego, poziom opisu fenomenologicznego) opisywane jest na podstawie zjawisk
zachodzacych w mikrostrukturze materiatu (mikroskala). Takie podejscie daje mozliwo$é
uwzglednienia szeregu zjawisk zachodzacych w mikrostrukturze na wlasciwosci fizyczne
i mechaniczne materiatu. Na przyktad wptyw mikropeknigc¢ na wytrzymato$é betonu. Nie
bez znaczenia jest fakt, Ze metoda nie wymaga znajomosci rownan konstytutywnych w
skali makro, zwigzki te s3 wyznaczane w sposob niejawny dla kazdego przyrostu
obcigzenia na podstawie numerycznego modelu reprezentatywnego elementu
objetosciowego RVE. Do wyznaczenia niejawnych zwiazkéw fizycznych w makroskali
niezbedna jest znajomos$¢ geometrii mikrostruktury, réwnan konstytutywnych na
poziomie skali mikro oraz ich parametrow. W tej pierwszej czeg$ci pracy ograniczono si¢
do sformutowania i rozwigzania zagadnienia brzegowego na poziomie mikroskali dla
zadanych makronapr¢zen na brzegu RVE. Opracowano wtasny program komputerowy,
ktéry generuje w sposob losowy mikrostrukture RPC i rozwiagzuje problem brzegowy
zdyskretyzowany metodg elementow skonczonych. Praca zawiera wyniki obliczen zadan
testowych.

APPENDIX

Matrix C;, D; for displacement boundary conditions where x; and vy;

u

i =1,2,3,4 are coordinates of nodes in the global coordinate system.

Ho=diagl 1111111 le{zg 0 "}
210 2n ¢

R I e N R (R TR TR G )

j[(f—l)xi—(mxz+fx3—§x4+x3+x4] i[(ﬁ—l)yl—(myz+5y3—§y4+y3+y4]
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INCINERATION OF TANNERY WASTE IN A TUNNEL
FURNACE SYSTEM

Stanistaw FAMIELEC, Krystyna WIECZOREK-CIUROWA
Politechnika Krakowska, Wydziat #gnierii i Technologii Chemicznej

The leather industry generates significant amowftavaste for which there is not
comprehensive treatment method. Such waste is yndamdfilled, which is an
environmental threat. However, solid tannery wastgld be incinerated since it contains
organic matter. This paper describes research eintiineration of solid tannery waste
which was conducted on an experimental installatiith a tunnel furnace as the main
component. The paper includes brief characteristi€stannery waste and the
experimental installation overview. Further on, #gerimental conditions as well as
measurements and residue analysis results arenprdse

Keywords: tannery waste, tunnel furnace, wastengration, waste treatment

1. INTRODUCTION

Production of leather is one of the oldest indastgrocesses in mankind’'s
history. It is based in the conversion of raw hateskin, a highly putrescible
material, into leather, a stable material, which ba used in the manufacture of
a wide range of products. The whole process inwhesequence of complex
chemical reactions and mechanical processes. Antlbege, tanning is the
fundamental stage, which gives leather its stgidlitd essential character [1].

Processing hides into leather requires a substanpat of energy and
water. It generates significant amounts of wastastewater and odors. Thus,
the leather industry is considered to have a negatmpact on the environment
and is a burden on the tanneries’ immediate neididual [2].

Depending on the technology, from ca. 450 to c&. K@ solid waste is
produced per 1 Mg of input material processed [f3].treatment is a huge
problem for tanneries since there is no comprekensiethod applicable for all
types of solid waste. In most situations the ordgremically efficient method

" Corresponding author. E-mafamielec@chemia.pk.edu.pl
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is landfilling which, according to the European \éaslierarchy, is the least
favored waste treatment method [4].

Worth noting is the fact that most types of tanreslid waste consist of
organic matter and therefore their heating values high enough for
combustion processes. The research on a comprebeti@rmal method of
solid tannery waste treatment is currently beingetigped at the Cracow
University of Technology. The aim of the researshao develop the technology
for solid tannery waste combustion which, on the band, utilizes waste in an
economically efficient manner and, on the otherdhaneets all the standards
for waste incineration. For this purpose an expenital installation has been
designed and manufactured. In this paper therfiessisurements conducted on a
new type of installation as well as brief thermlaaracteristics of tannery waste
are presented.

2. CHARACTERISTICSOF TANNERY WASTE

Leather processing involves a series of operatithtresan be broadly classified
into pretanning (known as beamhouse operationeping, post-tanning, and
finishing. The crucial operation is tanning duringhich tanning agent
compounds crosslink collagen fibers of the hides.aAresult the leather gains
its biological stability. The most commonly usednriang agents are
chromium(lll) compounds. The content of chromium fimished leather
amounts to approximately 4-5 %w/w [1].

The waste generated prior to and after tanningewdiffsignificantly.
Untanned waste includes hide trimmings (or unuspldees of raw hides) and
fleshing (or mechanically scrapped out tissues cagjato the hide). Tanned
wastes containing trivalent chromium are leathenrings, splits (obtained
during splitting operation), shavings and buffingisd These wastes are
biologically stable. Solid waste also comes fronstewater sludge [2], [5]. The
input/output overview for a conventional tanningogess including the
guantities of solid waste generated is shown in Eig

All major types of solid tannery waste were chagdzed for their
suitability for disposal in a combustion processtal organic content, water
content, combustion residue, as well as lowerihga@lue were analyzed [6]—
[8]. The characteristics are presented in Table I.

Heating values of all types of waste (with the gt of sludge) are
relatively high, which indicates that combustiontbé waste is feasible. The
problem is the high water content in some typewaxte — up to 60 %w/w. This
implies the necessity of preliminary drying priar &ctual incineration. The
combustion residue consists of ash in relativelalsamounts — 4-8 %w/w
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(apart from sludge, which contains significantly reanorganic incombustible
matter). Ash created during combustion of tannedt&eacontains mainly
chromium(lll) oxide and therefore it can be usedaasubstitute for chromium
ore in chromate(VI) production [8].

INPUT OUTPUT
Chemicals | | Leather
~ 500 kg 200-250kg
COD 230-250kg
BOD ~100 kg
‘Water <D o ‘Water 58 ~150kg
15 —50m* 15-50m° Chrome S—6kg
Sulphide ~10kg
Rawhide | o, Untanned  Trimmings  ~ 120 kg
1 Mg Fleshings ~T70-350kg
| Tanned Splits, ~225kg
Solid Shavings,
waste Trnmmngs
~450—-730k
€ | Dyed/ Dust ~2kg
Fimshed
Trimmings ~ 30k
Energy B
93-42GI | Sludge from (~40 % dry -~ 500kg
treatment matter content)
| Air Organic
~40kg solvents

Fig. 1. Input/output overview for a conventionat@me-tanning process for bovine
salted hides per 1 Mg of raw hide processed [3]

Table 1. Characteristics of Tannery Waste [6]-[8]

Total organic Water Combustion Lower
substances content : )
Type of waste : content | residue — ash heating value
in dry matter | g 000 | (96wiw) (kJ/kg)
(% wiw)
Shavings 87.5 53.6 7.8 6 663
Sludge 65.5 54.7 24.3 716
Buffing dust 87.4 14.3 6.2 16 953
Leather trimmings 87.7 10.2 4.7 19 772
Hide trimmings 86.9 59.9 4.7 7 753
Fleshings 91.4 59.5 4.6 8 952
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3. THE EXPERIMENTAL INSTALLATION

In order to carry out research on tannery wastedémation an experimental
installation was designed and built [4], [8], [9The contractor for the
construction was Firma CZYLOK, Poland. The inst&dia is located at the site
of Krakowskie Zaktady Garbarskie S.A. (Cracow Tawyn&/orks S.A., Cracow,
Poland), who participate in the research and endibbet access to the waste.
The main component of the installation is a tunfighace. As mentioned,
tannery waste contains a significant amount of tnoés which needs to be
evaporated prior to combustion. In a tunnel furndds possible to maintain
thermal conditions which continuously change aldimg length of the tunnel.
Thus, the tunnel can be virtually divided in a fe@ctions corresponding to the
following processes: waste drying, volatilizatiorf organic matter, and
combustion.

The scheme of the installation is presented in Zig.he tunnel is approx.
7 m long. The waste is put into containers which ba transmitted along the
tunnel by a roller system. The bottoms of the cioets are perforated to enable
air penetration. The nominal efficiency of the aikttion is 50 kg of waste per
hour, but it can be changed in a wide range bydlilating the amount of waste
in each container, 2) by regulating the velocityha rollers. In order to preheat
the furnace and to maintain the set temperaturese thections of electric
heaters were installed. Technical reasons exclutied application of gas
burners which had been preferable. The nominal pafi¢he total system is
78 kW. Pressure, temperature and oxygen sensoks igfermation about:
temperature at several points of the system, pressuthe entrance and in the
combustion section, as well as oxygen concentrdtiothe flue gas. The flue
gas which leaves the tunnel passes through a kebamrger system with water
and air as cooling media. The heated water is bgdtle tannery, the air is the
intake air for the process. The air can be subgetyleeated electrically and its
flow can be regulated. The heat exchange enabtesetise of energy input to
the system as well as waste energy recovery. Thkeddlue gas passes next
through the filter chamber where flue-ash is pHytideposited, and leaves the
system through a chimney. In the chimney theremaasurement points which
enable the mounting of gas sensors.

4. EXPERIMENTS

In one experimental series 81 kg of waste was @rated. The tanned wastes
incinerated were: leather trimmings, shavings, anffing dust, in a weight
ratio of 2:2:1. The average lower heating value tbé mixture is ca.
13 900 kJ/kg, the average water content — ca. 28\WovEach container
consisted 3 kg (+/- 0.1 kg) of the mixture.
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The temperature of the preheated combustion air388SC. The air is
introduced right after the entrance door of theneinThe temperature in the
combustion section was set at 825n order to exceed 85C — the minimum
temperature of waste incineration allowed by EUutaions. The introduction
of containers started when the temperature in thenbastion section
approached 65fC. The time interval between the introduction ofhteiners
was 12 min. This gives 5 containers (or 15 kg o$te@pper hour. The total time
of container transmission through the tunnel w&s4b min. The temperatures,
pressures, and oxygen content in the flue gas weemrded.

A AWE-PW analyzer was used for analysis of the til@aorganic
compounds (VOC) present in the flue gas (produgéi Kety sp z o.0.,
Poland).

The residue ash was weighted and analyzed usingdqrovuX-ray
diffraction (XRD). XRD measurements were perfornmdan X'pert Phillips
diffractometer using a CuK radiation j = 1.54178 A) in 2 Theta range from
10° to 60. A Perkin Elmer 2400 CHN Elemental Analyzer wasdifor carbon,
hydrogen, and nitrogen (CHN) elemental analysis.

5. RESULTS

As a result of the process the waste was incingréaving residues of ash and
flue gas. The variation of temperature during theocpss at several
measurement points of the installation is preseimefig. 3. The time 0:00
refers to the introduction of the first contain&loticeable is the periodicity
corresponding to the introduction of following caimers. The highest
temperature amplitude is observed in the firstisactimmediately after the
introduction of waste, drying and subsequently tilitation takes place. It lasts
app. 3-4 min. and then ignition occurs which mastgatself through the rapid
increase of the temperature. After the burning evasbves further into the
tunnel and leaves the first sensor range, the teahpe in the first section
decreases. In subsequent sections the temperatinigher due to preheating
and the fact that hot flue gas from the first sectpasses through them and
raises the temperature. The temperature in thé dorabustion section rises to
850°C after about 4.5 h and is stable during the réth® experiment. The
amount of electrical energy required to maintaie temperature decreases
significantly at this stage of the experiment, Baotme electrical input is still
required.



68 Stanistaw Famielec, Krystyna Wieczorek-Ciurowa

' [
—& Direction of material flow ﬁ
~B796 8-8
1102 1900 2030 3000

Heaters Eﬂ%ﬁ

+ [ + |
| P e N A g
| ‘ + 450 s

% © oflc o o o]l o ollo o o &Fo o o olb ollc ° o ol[c o o 5 oflo e

L

Exit zone \_Temperature sensors /_Loading zone Roller system engine

[

‘682

A=A

/T\ Flue gas exit

% —
< —3
I < e

2090 3000

S St g = SO S

1102

7.

800 |

I

~8796

Fig. 2. Scheme of the tannery waste incineratistaitation

900

800

e

\ —first section

N ' ]
¢, ~
g i ] \l 2
Tl; ‘\ — - second section
= -
\

‘3 I=~. \A
5 R S combustion
=3 section
§

. PR N
Lo A --=-tunnel exit

P e S o A A L e o s
~

L N i R R e R Tt e L

e A -~

—~——

— -flue gas after
heat exchanger

0:00 0:20 0:40 1:00 1:20 1:40 2:00 2:20 2:40 3:00 3:20 3:40 4:00 4:20 4:40 5:00 5:20
Time (h:min)

Fig. 3. Furnace temperature vs. time diagram



Incineration of tannery waste in a tunnel furnace system 69

From 4:40 after the start to the end of the expeninthe concentration of
VOC was measured and recorded. The results weneeded for the standard
oxygen concentration of 11 %. The diagram of VOQoaoamtration, oxygen
concentration and the temperature variation infitisé section of the tunnel are
shown in Fig 4. The average oxygen concentratioreliagtively high, and it
decreases significantly (to 11-14 %) only when tigaition and rapid
combustion of the new portion of waste takes pléétr ca. 3 min the oxygen
concentration rises again to ca. 18 %. Keepingathgen concentration at a
high level is not particularly efficient (more pesited combustion air is needed)
but it is necessary to not allow oxygen concerdrato drop too much during
the ignition of each portion of waste. Unfortungtethe air flow cannot be
regulated dynamically.

Noticeable in Fig. 4 is the fact that immediateftgnthe introduction of a
new portion of waste (which took place at 4:48,05:@nd 5:12) and before the
ignition (demonstrated by the sudden drop of thgger concentration) the
VOC concentration rises. Then, during ignitiordecreases for a short time and
rises again. The explanation of such a trend fiethé process of volatilization
of organic matter. Shortly after the input of wastéo the furnace the
volatilization starts. The concentration of VOCess(first of two peaks in the
diagram) but soon it reaches the level when indiven thermal conditions
ignition occurs (VOC concentration and oxygen cawicgion both drop). The
combustion is at first rapid and some incompletalmastion may occur, which
results in another rise in the VOC concentratiorfteA ca. 2 min. the
combustion calms and the VOC concentration decseagain.

The fluctuations of curves at 4:46, 4:58, and %e&altt from the
disturbances caused by opening the exit door dodiag the container to exit
the tunnel. The average VOC concentration duriegnieasurement was 18.84
mg/nT and it did not exceed the emission standard (20nig

The total amount of ash after the experiment w&skg, which gives
10 % of the weight of waste incinerated. The ash araalyzed using XRD. The
resulting diagram is presented in Fig. 5. The ongjble peaks correspond to
the structure of chromium(lll) oxide. The CHN argty shows that
concentration of elemental carbon in the ash ansotn©.21 %w/w, hydrogen
and nitrogen were not found (meaning their conegioins are below
0.1 %w/w). These results indicate that the obtaimsth contains mostly
chromium(lll) oxide and could be perfectly usedaashromium ore substitute in
chemical industry.
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6. CONCLUSION

The experiment proves that incineration of tanneabktas from the leather
industry is feasible. An installation based onm@nel furnace concept is suitable
for such a process. It is possible to set procesditions such that combustion
is complete and the obtained ash contains mostinalkim(lll) oxide.
Measurements of oxygen and VOC concentrations énfltie gas enabled an
overview of volatilization process preceding igoiti

Further planned experiments include changing ansoamd types of
waste incinerated (including untanned waste), vsloof rollers, different
temperature and air flow set, and additional ansigkthe flue gas composition.
Further on, the energy balance will be calculatedhsit the efficiency of the
process could be estimated. It is expected thaéxperiments will allow us to
choose the best parameters for the tannery wasteenation technology which
could find wide application.

ACKNOWLEDGEMENT

The authors would like to thank Stanistaw Kirsekl atenon Wany for their

advice and cooperation in conducting research, Btaik Kozlowski, a

Fulbright Fellow at the Faculty of Chemical Engirieg and Technology,
Cracow University of Technology, for English langeaediting and other
linguistic contributions to this paper.

REFERENCES

1. Kowalski Z., Technologie zwzkéw chromu, Krakéw, Wyd. Politechniki
Krakowskiej 2002.

2. Pawiowa M. Ekologiczne aspekty przetwdérstwa skéry i odpadow
skorzanychRadom, Wyd. ITeE 1995.

3. Reference Document on Best Available Techniqueth®iTanning
of Hides and Skins, European IPPC Bureau, July 2€0.33.

4. Famielec S., Wieczorek-Ciurowa KNaste from leather industry — threats
to the environmenKrakow Czasopismo Techniczne PRe¢hnical
Transactions)1-Ch (2011), 43-48.

5. Kanagaraj J., Velappen K.C., Chandra Babu N.K.u8ad&.,Solid wastes
generation in the leather industry and its utilipait for cleaner environment
— A review Journal of Scientific and Industrial Reseai@$),7 (2006), 541-
548.

6. Fela K., Wieczorek-Ciurowa K., Konopka M., Why Z.,
Zagospodarowanie odpadéw przemystu garbarskiegan-aktualny



72 Stanistaw Famielec, Krystyna Wieczorek-Ciurowa

i perspektywyin: Materiaty Konferencyjne VII Konferencji nt.eEhnologie
bezodpadowe i zagospodarowanie odpaddéw w prderhyolnictwie,
Miedzyzdroje, 2010, 91-94.

7. Fela K., Wieczorek-Ciurowa K., Konopka M., Why Z., Comprehensive
thermal treatment as a way of utilization of indigtleather waste
in: Abstracts of 14 Conference on Environment and Mineral Processing,
Part | Ostrava, 2010, 59-64.

8. Wieczorek-Ciurowa K., Famielec S., Fela K., g Z., Proces spalania
odpadow przemystu garbarskiegohemik, 65, 10 (2011), 917-922.

9. Polish Patent Application P.39372.

SPALANIE ODPADOW GARBARSKICH W PIECU TUNELOWYM
Streszczenie

Przemyst garbarski generuje znacznesciloodpadéw, dla ktorych nie istnieje
kompleksowa metoda unieszkodliwiania. Odpadytgtéwnie sktadowane, co wie sk

z zagraeniami dla srodowiska. Maliwe jest jednake spalenie statych odpadéw
garbarskich ze wzgtlu na znacznzawartd¢ materii organicznej. W artykule opisano
badania dotycxe spalania odpadoéw garbarskich wswliadczalnej instalacji, ktérej
gldbwnym komponentem jest piec tunelowy. Przedstawi@wizta charakterystyk
odpaddéw, opis instalacji dwiadczalnej, jak réwnie warunki prowadzenia
eksperymentéw oraz wyniki pomiaréw i analiz poztugta poprocesowych.
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The primary objective of the study was to determihe volumes of emission and
dispersion of gaseous pollution from 3 exhausttshaiffa copper mine P-VIl, SW-3 and
SG-2. To calculate the volumes of emission anded@pn of S@ NG, and CO the
KOMIN and RWW computer programs were applied. Thaducted analysis of the
calculations and computer simulation showed thatetktent of the impact of emisson on
the rural residential area situated in the nearegtity of the shaft site is insignificant.
The observed exceedance of reference values odaomrthe premises of KGHM Polska
Miedz S.A. The computer simulation proved that the ratueserve '‘Buczyna
Jakubowska' situated 1.6 kms north-west of theast@mitters belonging to the mine is
not exposed to above-standard concentrations gfI$Q, and CO.

Keywords: exhaust shafts, gaseous pollution, eonsslispersion

1. INTRODUCTION

Business entities conducting mining activity magma negative impact on the
environment by emitting dust and gaseous polludod by storing the post-
floatation waste [3]. The gaseous pollution is éditinto the atmospheric air are
on-ground and underground installations and fadlisuch as: exhaust shafts,
heating installations, dust exhaust and extractiostallations for salt
transportation, ore and salt loading facilities.Thaderground exploitation
makes it necessary to ventilate this part of theemirhe operating ventilation
system is aimed to pump in the fresh air (downshafts) from the outside and
remove the polluted air (exhaust shafts) [5].

’ Corresponding author. E-maih.jasiewicz@iis.uz.zgora.pl
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The environmental impact of such a big mining anthemals processing
business entity as a copper mine, built in a dgrsepulated agricultural area,
is unavoidable and includes the following: terra@formation in the mining
area, the discharge of mineralized water from ndreenage into surface water
courses, the discharge of mill waste containingvii@aetal compounds, the
storage of slag, post-floatation and other indaktriaste in large-format waste
storage facilities, the emission of gaseous and ploitution (containing heavy
metal compounds) and its impact on the neighbolareg[6].

The impact of dust fall emission from mining sowdeoth current and
forecast) is small. The emission does not exceedsthndards of air quality
outside the mine's premises [12].

The pollution emitted from the ventilation systefingludes dust and

gases, especially sulphur dioxide, nitrogen oxated carbon oxides. They have
a particularly negative impact on the environmesittteey undergo numerous
transformations in the air and react with waterotago form acid rain [13].
In compliance withthe Regulation of the Minister of the Environmeh® duly
2010 on the types of installations whose explaitatrequires registration
(Dz.U.10.130.880Q) business entities utilizing the environment abdiged to
prepare documentation on the kinds and volumesobifitppn emitted into the
environment.

The primary objective of this study was to detemnihe volumes of
emission and dispersion of the gaseous pollutiottesinfrom the exhaust shafts
of the copper mine with special regard to its impan the nature reserve
'‘Buczyna Jakubowska'.

2. MATERIAL AND METHODS

The installation for minerals exploration ore defss an underground copper

ore mine.

The following exhaust shafts were evaluated: P-\AW-3 and SG-2
located respectively in the communes of PolkowiRadwanice and at the
border of Radwanice and Jerzmanowa communes:

— the P-VII shaft: located in the P-VII region, has on-ground ventilation
station equipped with 4 radial fans WPK-3.9. Theisiremoved from the
ventilators by means of individual diffusers wittetoutlet dimensions of 3.9
m x 6.0 m (the equivalent diameter dz = 5.46 m) #rel height of 12 m
above ground level. During normal operation 3 & # ventilators are in
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operation and the fourth one is on standby as reduy the law. - the SW-3
shaft: located in the SW-3 region, with an on-giburentilation station
equipped with 6 radial fans WPG-278/1.8 with theedaoutput of 850 m3/s
each. The ventilators are connected in pairs ®etliffusers with the height
of 23.2 m AGL and the outlet dimensions of 11.5 8.5 m (dz = 9.76 m).
During normal operation 4 ventilators are in operaand the remaining two
are on standby as required by the law. - the S@aft:docated in the region
of Sieroszowice Gtowne (SG), with an on-ground iatibn station
equipped with 4 axial fans GAF38/24-1W with theechbutput of 400 m3/s
each. The ventilators are connected to individiffigers with the outlet at
the height of 36.3 m and the effective cross seaioS = 46.6 m2 (dz = 7.7
m) (there are ceramic-coated silencers installs@tlinthe diffusers). During
normal operation 3 ventilators are in operation #me fourth one is on
standby as required by the law. The volumes of ghseous pollution
emitted into the air was determined on the basisneasurements taken with
automatic measuring systems.

The calculations of the volumes of emission frora tkentilation shafts
and the modelling of SONG, i CO dispersion in the atmospheric air was done
in compliance with the referential methodology sfied in the Regulation of
the Minister of the Environment of 26 January 2@h0the reference values for
certain substances in the air [11].

The reference values for
SO, 350ug/nt® for one hour and 20g/m3 for a calendar year,

NO, 200pug/n? for one hour and 4(g/m3 for a calendar year,
CO 3000Qug/m® for one hour.

The following assumptions were used for calculation
— the aerodynamic terrain roughness — z 0 [m]

P-VII SW-3  SG-2
0.53 0.63 1.09
— height of emitters
P-VII SW-3  SG-2
12.0 23.3 36.3
— ambient temperature

The average annual temperature in Poland rangesdet7 and 9 °C.
For the calculations 8 °C (281 K) was assumed.
— temperature of exhaust gases
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As temperature of exhaust gases 25 °C (298 K) ssisnaed.

— parameters of exhaust shafts

Table 1. collates the calculation results obtawéd the Komin program

Height .
. . Equivalent Gas Average annual
Emission Emitter of ; :
; diameter temperature ambient temp
sources symbol | emitter [m] K] K]
[(m]
Eth-lﬁtl shaff o viver | 120 5.46 298 281
P-VII/IE2 | 12.0 5.46 298 281
P-VII/IE3 | 12.0 5.46 298 281
P-VII/E4 | 12.0 5.46 298 281
Exhaust shaft
SW-3 SW-3/E1| 23.3 9.76 298 281
SW-3/E2| 23.3 9.76 298 281
SW-3/E3| 23.3 9.76 298 281
Eth‘(‘;S_tZShaﬂ SG-2/E1 | 363 7.7 298 281
SG-2/E2 | 36.3 7.7 298 281
SG-2/E3| 36.3 7.7 298 281
SG-2/E4| 36.3 7.7 298 281

The calculations of the volumes of emission of gasepollution into the

air were done in 2012 on the basis of measureneémisncentrations taken with
automatic measuring systems in the collector dwsitsated before the

ventilation stations for each of the exhaust shafts
The calculations of the volumes of emission frora tkentilation shafts

and the modelling of SONGO, i CO dispersion in the atmospheric air was done

in compliance with the referential methodology sfied in the Regulation of

the Minister of the Environment of 26 January 2@h0the reference values for

certain substances in the air [11].

3. RESULTSAND DISCUSSION
Table 1. Emissions of SO2, NO2, CO from exhausftsha

g Pollut | Smm Maximum of Maximum of | Maximum | Maximum

@ ion [ng/m3] | average annual 1-hour of of

£ | type concentrations | concentrationg percentile | percentile

S_-U‘: [ng/m3] [ng/m3] $99.8 S99.726
[ng/m3] | [ug/m3]

a | SO 0.225 0.045 1.125 - 0.784




Emission and dispersion of gaseous pollution from exhaust shafts of copper mine 77

NO, | 13.507 2.701 67.511 47.053 -

CcO 16.884 3.376 84.388 58.817 -
o | SO 1.668 0.089 8.383 - 4.153
;‘ NO, | 24.602 1.309 123.644 61.250 -
@ CcO 14.178 0.755 71.253 35.296 -
N SO, 2.111 1.656 323.029 - 45.925
¢ | NO, | 40.820 32.010 6 245.229 887.889 -
@ CO 17.595 17.595 2 691.909 382.711 -

The analysis of the above data shows that the bwalsies of S@
concentrations calculated for Smm, of maximum ayerannual and 1-hour
concentrations were for the shaft P-VIl. The higheslues of S©
concentrations calculated for Smm, of maximum agerannual and 1-hour
concentrations were for the shaft SG-2. The lowedties of NQ emission
calculated for Smm, of maximum average annual aut concentrations
were also for the shaft P-VII, and the highest tlee shaft SG-2. The Smm
values of maximum average annual and 1-hour coratenmis of emitted CO
were the lowest for the shaft SW-3, and the higf@ghe shaft SG-2.

3.1. Thedistribution of contour linesfor the shaft P-VII
Figures 1-5 present the distribution of the contmes illustrating the dispersion
of the analyzed pollution from the ventilation gsabnly when the reference
values were exceeded.

The only pollution exceeding the threshold valugthiw the area of the
shaft P-VIl is nitrogen dioxide.

W 0 1% B 20 M0 7D W0 0 W0 0 40

EEERLE

R R RN E R R R

Source: author’s calculations
Fig. 1. The incidence of reference value exceedforddO, for a calendar year [%]
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The distribution of the contour lines of N@nmittions into the atmospheric
air shows that it disperses eastward of the foutters P-VII/EL, P-VII/E2, P-
VII/E3 and P-VII/E4. The contour lines cover theawf the shaft P-VIlI and go
beyond that area. The red contour line represdi@s exceeded value. The
threshold value is exceeded in the east part of RRéll region and that
exceedance disperses beyond its boundary in aveautidirection (Fig.1). The
exceeded levels of N(pollution do not have a negative impact on theremta
residential area as it is situated approx. 400eseaiorth-west of the region.

The shaft SW-3

The only pollution exceeding the threshold valuathiw the area of the shaft
SW-3 is nitrogen dioxide.

Source: author’s calculations
Fig. 2. The incidence of reference value exceedforddO, for a calendar year [%]

The distribution of the contour lines of MNQCemissions into the
atmospheric air shows that it disperses westwattieothree emitters SW-3/E1,
SW-3/E2 and SW-3/E3. The contour lines cover tlea af the shaft SW-3 and
go beyond it. The red contour line represents tkxceeded value. The
permissible value is exceeded in the west parhefregion and has a minor
impact on the shaft region (Fig. 2). However, gpdirses over the whole of the
west part, from north to south. The reference \salalee exceeded in the west
part of the region and go 50 metres beyond that, acewhich the copper mine
holds a legal title. The nearest residential asethé village of Sieroszowice,
situated 1.5 km south-west of the shaft site, soetkcessive NO2 pollution will
not have a negative impact on it.

The shaft SG-2
Within the area of the shaft SG-2 the thresholdeslof S@ and NQ pollution
were exceeded.



Emission and dispersion of gaseous pollution from exhaust shafts of copper mine 79

Source: author's calculations
Fig. 3. The incidence of reference value exceed#nc80; for a calendar year [%)]

The distribution of the contour lines of sulphuoxide emissions into the
atmospheric air from the emitters SG-2/E1 and SE22séituated in the south of
the SG region, disperses over a short distancenieastward direction. The
contour lines above the emitters SG-2/E3 and S@&;Xifuated in the south-east
of the region, show the same direction. The plumasulate tightly in the
south-east. The reference values for, 8@ncentrations are exceeded in the
south of the SG region and about 100 metres beisratea (Fig. 3). North and
north-east of the shaft site, beyond a belt ofivattd land, at a distance of
approx. 1.5 km, lies a compact residential aredhef villages Jakubow and
Maniow Gaorny.

lllllllllllllllllllllllllllllll

i
TR ELE]

Source: author’s calculra.tiuohws< -
Fig. 4. The distribution of the contour lines of R@ispersion
for a maximum 1-hour concentration
The distribution of the contour lines of nitrogeinxdde emissions into the
atmospheric air shows that it cumulates in the lsaitthe region, reaching
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about 60 metres beyond it. The red contour linggesent the exceeded
maximum 1-hour concentrations of NO2. The exceeglaocurred south-east of
the SG area, where there is a large forest complex.contour line representing
the exceeded reference values shows that the plisperses from south-west
up to north-east. It covers part of the SG regiba,adjacent cultivated land and
the forest area in the south. The exceeded levelthe maximum 1-hour
concentration should not have a negative impat¢hemural residential area as it
is situated 1.5 km north-east of the SG region.

ITRTERIETE)

TRRREES

111

Source: author’s calculations
Fig. 5. The maximum of percentile S99.8 for NO2
Fig. 5 presents the dispersion of the plume ofetinéted nitrogen dioxide
for the maximum of percentile S99.8. The red contlnes represent high
incidence of the reference value exceedance. THieitipa disperses in a
southward and eastward direction. It covers thehspart of the SG area so it
may have a negative impact on the nearby foresptam

4. SUMMARY AND CONCLUSIONS

The applied computer program KOMIN allowed for seqse and reliable
calculations of the volumes of emission of gasguulfution (sulphur dioxide,
nitrogen dioxide and carbon monoxide) from the ewhashafts of a copper
mine. The extent of the impact of the analyzedypiah was determined with
the sue of the Rww program, which generated readahtl clear images of
pollution dispersion. The conducted analysis otwaltion results and computer
simulations that mining complexes emit gaseousugioh that may be an
environmental hazard.

The exhaust shafts are the source of organizedsiemisf gaseous
pollution (sulphur dioxides, nitrogen dioxides acabon oxides) into the air,
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which then react with other compounds present énatimosphere. The products
of these transformations may have a negative impactthe environment

intensifying the acid rain effect or increasing tleéfect of ozonesphere

destruction.

The few sources of unorganized emission presetih@mining complex
make a minor contribution to the environment padiat The result analysis
showed that the reference values were exceedebeashaft SG-2, and the
exceedance concerned the maximum 1-hour concemsatf NO2. For other
analyzed pollutions (SO2 and CO) the permissibleesawere not exceeded.

The extent of dispersion of the emitted pollutisrrélatively small with
the exception of the shaft SG-2, which exertsnatdid impact on an area to
which the mine does not holds a legal title. Thassian of sulphur dioxide,
nitrogen dioxide and carbon monoxide pollution mawoidable resulting from
the continuous operations of the mine. By implenmgntenvironmental
measures the emission can be reduced, thus mingnitd negative impact on
the natural environment.

The following conclusions can be drawn from thedugted analysis:

1. Every business entity that generates pollution khoprepare an
environmental impact assessment, a reliable docurabowing one to
determine the level of noxiousness.

2. The use of the computer progrard®MIN i Rww allowed for a precise
determination of the volumes of the emitted gasqmikition (SO2, NO2
and CO) and accurate imaging of the impact area.

3. The impact of the emission of sulphur dioxide, ad&n dioxide and carbon
monoxide pollution on the residential area situatethe nearest vicinity of
the shaft site is insignificant. Whenever the ssadd of air quality are
violated, it is only in an area being the propaftyhe mine and in a limited
bordering area.

4. The computer simulation proved that the nature rvese'Buczyna
Jakubowska' is not exposed to above-standard ctatiens of S@ NO,
and CO.
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EMISJA | DYSPERSJA ZANIECZYSZCZK GAZOWYCH Z SZYBOW
WYDECHOWYCH KOPALNI MIEDZI

Streszczenie

Podstawowym celem pracy jest okemie wielkdci emisji i dyspersji zanieczyszaze
gazowych z 3. szybéw wydechowych kopalni miedzi IRB-8W-3 i SG-2. Do oblicze
wielkosci emisji i dyspersji S@ NO, i CO wykorzystano program komputerowy
KOMIN oraz Rww. Analiza wynikéw obliczei symulacji komputerowej pokazatae
zaskg oddziatywania emisji na zabudewwiejska znajdupca sie w najblizszych
odlegtaciach od rejonéw szybdw jest znikomy. StwierdzomeeRroczenia warkei
dopuszczalnych znajdowatyesha terenie nalacym do KGHM Polska Mied S.A.
Symulacja komputerowa wykazatage Rezerwat przyrody ,,Buczyna Jakubowska”
lezacy 1,6 km na poéinocny-zachdéd od najbliych emitoréw rejonu kopalni nie jest
naraony na ponadnormatywneggénia SQ, NO, oraz CO.
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PREDICTING BENDING MOMENT IN CROWN OF
SOIL-STEEL STRUCTURE BUILT AS ECOLOGICAL
CROSSING FOR ANIMALS

Marcin MUMOT"
Politechnika Wroctawska
Instytut Inzynierii Ladowej

The paper concerns soil-metal structures made of a thin shell (usually - corrugated steel)
and soil backfill. During backfilling significant deformations of the structure can be
observed (the upper part of the shell buckles and its width narrows). This phenomenon
results in a subsequent prestressing effect during placing the backfill material above the
crown of the structure. In the paper the method of bending moment determination in the
crown of the structure, which is the main component affecting stresses in the steel shell,
is proposed. The results obtained using in-situ method were compared with the results
obtained using FEM software. The conclusions were drawn and the diagrams presenting
the curvatures necessary to estimate values of the bending moment in the crown of the
structure were obtained from the studies. Relations that could help in development of the
methodology for determining internal forces in the crown of the structure of different
geometry were found. The studies will help in designing of that type of structures and
will allow to prevent critical forces in the steel shells during the erection process.

Keywords: soil-steel structures, ecological crossing, corrugated steel, soil
backfill, deformation, bending moment.

1. INTRODUCTION

Experiences in designing and fabrication of corrugated metal structures show
that the largest bending moments can be observed during construction. Internal
forces in the metal shell during backfilling, when the level of the backfill
material is equal to the height of the crown of the structure, are ever ten times
larger than during the entire lifetime of the structure. Therefore, an exact
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determination of the internal forces in the shell is an important issue in the
designing process of the soil-metal structures. It was observed that bending
moments (which are the main component of stresses) can be determined based
on the change of the curvature in the crown of the shell. This paper presents
computer analysis carried out in order to verify the correctness of this method
and to observe relations necessary to determine correctly the values of bending
moments in soil-metal structures. There are three basic shapes of the lightweight
shells: open bottom A, closed bottom B and frame C.

A B C

e
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==

e

Fig. 1. Characteristic types of the shells

Structures A and B behave in the similar manner during backfilling, their
deformations are similar to the drawing in Figure no. 2. This paper does not
concern box structures —type C, because these are non-standard structures and
their deformation is different than in traditional structures.

6

Fig. 2. Basic parameters of the shell and its deformation, typical for soil-steel arch
structures
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2. DEFORMATION OF SHELL DURING BACKFILLING

Two typical displacements can be distinguished in soil-metal structures. The
basic displacements are: upward vertical displacement of the shell “w”,
measured in the highest point and horizontal displacement “u”, where 2u is the
shrinkage of the shell. As long as the level of the backfill is lower than the shell
crown height we can observe an increase of the displacements A up to the height
of the structure zg = h, when the value of the upward displacement attains its
maximum — K. However when the backfill material level is above the crown of
the shell, stresses are reduced E to the moment of loss of stability (Fig. 3)

90 ~ T T T T T T T T K

displacement w [mm)]

20 4 1 | Z,’

10 e

e

ol 0j2 03 08 05 0/6. 0170809 L0 L Lz 1Pty
backfilling depth 2g/h F

-10 4

Fig. 3. Diagram of the displacements in the shell crown

The diagram show that the most dangerous stage of the soil-metal
structure’s construction is when the level of the backfill material is equal to the
height of the crown of the structure. Current methods of determining bending
moments in such structures do not guarantee obtaining exact values of the
internal forces [2]. It was observed, however, that the bending moment can be
calculated based on the change of the radius of the steel shell curvature (1) [1].

AR=R—Ryw (1)

Ruw — radius of curvature in the deformed steel shell,
R — design radius of curvature of the steel shell.

In order to determine a change of the radius of curvature it is necessary to
interpret properly horizontal and vertical displacements of the shell. The vertical
displacement in the crown should be reduced by subtracting the value of the
vertical displacement in points of shrinkage measurement (2).

p (2)

W =W —W
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w — vertical displacement in the shell crown,
w,, — vertical displacement in point of shrinkage measurement.

For the calculations a value of the coefficient o is also required.
The coefficient is calculated as follows (3):
_ (h—=g)
a= —=F 3)
h — design height of the structure,

z, — total thickness of the backfill layer,
R — design radius of curvature of the steel shell.

Fig. 4. Graphic scheme of the radius of curvature changes

Knowing the displacements of the shell, changes of the radius of curvature
can be determined by transforming the formula for the radius of the circle (4):

p o M dRﬁ{zg} _R-R, = R[wil1-ci4u/alZz-o) (@)
gM R +w

Knowledge of the radius of curvature of an arc can be simply used to
determine the maximum bending moment in a structure (5).

El dR
M= R " R-dr )
In order to ensure the accuracy of the calculations, shrinkage
measurement should be carried out at points situated at the level of backfill or
above it. These are formulas for the loading scheme that does not include
vertical earth pressure, because the radius of curvature is assumed constant and
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vertical earth pressure would prevent that situation. In order to verify that
method of determination of the internal forces in the steel shell, the field
measurements of the assembled structure and the computer calculations by FEM
software - Plaxis were carried out.

3. VERIFICATION OF THE BENDING MOMENT
DETERMINATION METHOD IN THE SOIL-STEEL
STRUCTURES

On the assembled structure (geometry presented in the Figure 5) some points
were determined in order to determine bending moments.

L=175%

Fig. 5. Locations of the measurement points and shell geometry

6 measurement points were selected but because of the calculation method
(measurement points should be located on the arc of the same curvature) points
1 and 2 have been omitted in considerations and points 3,4,5 and K were used to
determine the bending moment. Procedures of calculation and internal forces
determination is described in the paper [1]. The diagram presenting changes of
the curvature depending on measurement point looks like in the presented
diagram [diagram 1]. A significant influence of the vertical loads can be
observed on this diagram. Up to the moment when the measurement points are
above the backfill level, deformation diagrams are convergent, with additional
layers of the backfill material the diagrams “move away” from each other.
Therefore, to compare results the highest measurement point was selected, for
which a=0.02. By selecting that point for further consideration the influence of
vertical earth pressure can be minimized. A change of the radius of curvature for
that measurement point when z4 = z, (z/h = 0.9497) equals 9.890%, while the
maximum value of the shell deformation equals about 11%.
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Diagram 1. Change of the radius of curvature depending on backfill height

In order to compare the obtained results a FEM model was created using
Plaxis3D software. The modelled shell presents the actual geometry of the
structure in the most accurate way and the soil parameters are assumed in
accordance with the actual conditions. The following soil parameters were
assumed E=40,0MPa, v=0,3; y=20,0kN/m3. For modeling a shell made of the
7 mm thick SuperCor corrugated steel was assumed. Young’s modulus of steel is
210 GPa, v=0,3.

381 381 !
1905 1905 | 1905 _ 1905

B38 [mm)

Fig. 6. Cross-section the SuperCor

24 stages of backfilling were modelled and non-linear behaviour of the
structure was assumed. The support of the structure is linear, modelled as
a concrete spread footing foundation of 0,5 m thickness.



Predicting bending moment in crown of soil-steel structure built as ecological crossing ... 91

Fig. 7. Selected stages of backfilling

Values of the deformations and bending moments in the crown of the
structure can be interpreted from the model. All the results were summarized in
the table and the diagrams were drawn. Bending moments in the crown of the
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shell in the middle of its width and the shrinkage value at the point for which
a=0,002872 are presented.

Table 1. Data obtained by using FEM software

SC-27NA
zg [m] a Meem [KNm] Maispi [KNm] Arem [%] Agispt [%0]

0 0,378 0,000 0,000 0,00 0,00
0,3 0,357 -0,083 -0,102 -0,03 -0,03
0,6 0,335 -0,151 -0,180 -0,05 -0,05
0,9 0,314 -0,193 -0,230 -0,06 -0,07
1,2 0,292 -0,198 -0,239 -0,06 -0,07
15 0,271 -0,153 -0,197 -0,05 -0,06
1,8 0,249 -0,044 -0,085 -0,01 -0,03
2,1 0,228 0,159 0,119 0,05 0,04
2,4 0,206 0,543 0,506 0,16 0,15
2,7 0,185 1,225 1,200 0,37 0,36
3 0,163 2,331 2,318 0,71 0,71
3,3 0,142 3,982 3,918 1,22 1,20
3,6 0,120 6,352 6,164 1,96 1,90
3,9 0,099 9,664 9,385 3,02 2,93
4,2 0,077 13,864 13,505 4,38 4,27
45 0,055 19,048 18,714 6,12 6,01
4,8 0,034 25,102 24,797 8,23 8,12
51 0,012 31,485 10,54

54 -0,009 32,742 11,01

5,7 -0,031 29,777 9,91

6 -0,052 26,930 8,88

6,3 -0,074 24,332 7,96

6,6 -0,095 21,880 7,10

6,9 -0,117 19,572 6,30

7,2 -0,138 17,463 5,59
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SC-27NA

20
oo

AN\ 1]

Mdispl

(h=3
U

AN

M [kNm]
e

==y
D

u

1 o]

-0,15 -0,05 0,05 0,15 0,25 0,85

un

a

Diagram 3. Change of maximum bending moment depending on backfill height
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It can be observed from the diagrams that the maximum value of the shell
deformation in the crown of the structure equals about 11%. The exact value of
the deformation could not be obtained, because the level of the last layer of the
backfill material did not equal the shell height. Comparing the actual change of
the radius of curvature with the results obtained from computer analysis it can be
assumed that the presented method of bending moments determination is correct.
In the paper [1] it was noticed that the curve describing the change of the
curvature depending on the backfill height can be approximated (6). From these
calculations results that the maximum deformation of the shell equals 12,16%
and it was calculated using the formula:

4

dRISX = dRa(h_h:R) (6)

The formula can be applied in order to reduce the influence of the vertical
earth pressure on the shell deformation. The value can be used as a design value
in order to provide a safety margin for the designed structure. The diagrams
(2 and 3) show that strain measurements during backfilling and determination of
the radius of curvature changes allow calculating the maximum bending
moment. That regularity can be applied also in the opposite direction. Knowing
the maximum value of bending moment (shell’s deformation) it can be verified
if the permissible values of forces are not exceeded during erection process,
allowing the contractor to reduce bending moments and upward displacements
of the shell, for example by placing ballast.

4. OTHER CALCULATION MODELS

The test were also carried out for different shell shapes and for different shell
stiffness. They have shown that the shell’s stiffness has a great influence on its
behaviour during construction. Soil-metal structures should be designed
according to the guidelines described in the paper [3,4]. Following these
guidelines should lead to an observation of radius of curvature deformation
within the range 8-14 %. Designing of too thin or too stiff shell results in a risk
that the vertical deformation in the crown will be too big and the plastic
deformation will occur in the shell, in the latter case it leads to unnecessary
oversizing of the structure. The diagrams (4,5) show changes of the radius of
curvature depending on the backfill height (red line) and calculated
displacements based on the deformations (yellow line). In spite of the different
stiffness of the shells and their geometry, deformation curvatures have a similar
shape.
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Diagram 5. Change of the radius of curvature depending on backfill height

However, graphs [6,7] show the change of deformation of similar shells
[Fig. 8]. It can be observed that the change in stiffness does not cause the change
of the deformation ratio between different shapes of shells. It can be noted that
knowing the round-shape shell deformation we can assume deformation in other
types of closed shells of similar dimensions. In both cases the difference
between deformation of the shell VE 35 and VC 70 equals 45 % and between
VE 35 rotated 90 degrees and VC 70 equal about 22 %.
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Diagram 6. Change of the radius of curvature depending on backfill height for a shell of
6,25 mm thickness
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Diagram 7. Change of the radius of curvature depending on backfill height for a shell of
4,00 mm thickness
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These examples show that there is a relation that could allow the correct
determination of the radius of curvature in the crown of the structure for
different shell shapes and for different spans. Unfortunately, it was noticed that
change of the shell span results in changing of the determined proportions.

5. CONCLUSIONS

This paper draws attention to the occurrence of the maximum bending moment
in the shell during backfilling. Presented calculations initiate the development of
the methodology for determining internal forces in the crown of the shell.
Insufficient accuracy of the current methods for determining internal forces was
noted and a different method was proposed. In the paper a method for estimating
of bending moments as a local effect of the global shell deformation was
proposed. A procedure that allows correct determination of bending moments in
the crown of the soil-metal structure was presented. The relations observed in
results obtained from calculation models of that type of structures were
presented and compared with the measurements performed on an actual
structure. It is necessary to estimate correctly the deformation of the shell and to
select a proper stiffness of the shell in relation to the span of the structure.
A curvature shape was preliminary defined, according to which the maximum
bending moment can be determined based on the measurements performed in the
initial stage of construction. That method allows to predict exceeding of the
critical force in the initial stage of construction and gives a possibility to reduce
it (for example by ballasting shell).
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PROGNOZOWANIE MOMENTOW ZGINAJACYCH W KLUCZU KONSTRUKCII
GRUNTOWO-POWLOKOWYCH BUDOWANYCH JAKO PRZEJSCIA
EKOLOGICZNE DLA ZWIERZAT

Streszczenie

Praca dotyczy konstrukcji gruntowo-powtokowych wykonanych z wiotkiej powtoki
(przewaznie blacha falista) oraz zasypki gruntowej. Podczas zasypywania konstrukcja
deformuje si¢ w znacznym stopniu (wypigtrza si¢ gora powtoki i zwgza na szerokosci).
Zjawisko to przektada si¢ na pdzniejszy efekt sprezenia, gdy grunt ukladamy nad
kluczem powloki. W artykule zaproponowano metod¢ wyznaczania momentu
zginajacego w kluczu powloki, ktory jest gldwnym czynnikiem wplywajacym na
napr¢zenia w o stalowej powloce. Wyniki otrzymane metoda in-situ zostaly poréwnane
z wynikami otrzymanymi w programie MES. Z badan nad réznymi ksztattami powlok
wyciagnigto wnioski oraz otrzymano krzywe potrzebne do szacowania momentow
zginajacych w kluczu powtoki. Znaleziono zaleznosci ktdre pomoga w opracowaniu
metodyki wyznaczania sit wewngtrznych w kluczu powlok o réznej geometrii. Badania
pomoga projektowac tego typu konstrukcje oraz pozwola na zapobieganie wystgpowania
krytycznych sit w powloce w trakcie budowy.
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DETERMINATION OF RELIABLE CONCENTRATIONS OF
POLLUTANTSIN RAW WASTEWATER BASED
ON DIFFERENT SAMPLING METHODS

Sylwia MYSZOGRAY, Zofia SADECKA', Omar QTEISHAT,
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! University of Zielona Géra, Institute of EnvironmiehEngineering
Szafrana st 15, 65-516 Zielona Géra, Poland
2Al-Balqua’ Applied University, Zarka University Gege, Jordan

The aim of this study was to check the extent taclvtthe sampling method and the
volume of sewage (size of the wastewater treatrpéant) influence the determined
daily average concentrations of pollution composeWithin three days of dry weather,
the composition of two raw sewage wastewater treatnplants was continuously
monitored. The WWTPs were designed for the flow880D n¥/d and 51000 Aid,
respectively. The concentrations of pollutants waemasured in samples taken both in
time-proportional and flow-proportional ways. Thistained values show the possibility
of taking the samples mixed at equal time intenais in proportion to the flow as
reliable sources for design values of concentratidie size of WWTP, i.e. the amount
of investigated raw sewage, was of no significanpdrtance to the obtained results
regarding concentrations of pollutants.

Keywords: sampling, raw sewage, pollution loadsinlg of wastewater
treatment plant

1. INTRODUCTION

Amendments and adaptation of legal regulationdhi¢oBU requirements forces
operators of sewage treatment plants to carry oetige measurements of
qguantity and analysis of physical-chemical compasitof sewage. Technical
progress and abundant offer of devices allows tetrtieese requirements. Yet,
usefulness of measurement results for further pgiog is determined by
accuracy of measuring devices and skills of thdyahavho performs the test,
but also but whether the sample can be considereprasentative sample. Lack

DCorresponding author. E-mais.Myszograj@iis.uz.zgora.pl
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of ,good measuring material” is the reason why pttesstate-of-the-art devices
and qualified staff, test results frequently cahlve considered reliable. Devices
which help meeting of the reliability criterion, crurthermore, significantly
facilitate the laboratory technicians’ work, arengders.

In accordance with the Polish Norm PN — ISO 56610--1997 ,Water
quality, Sampling, Guidelines for sewage samplitigére are:

— Random samples - indicating physical-chemical patars of the sewage at
the moment of sampling.

— Qualified random samples — consisting of at leassatples. Interval
between individual sampling must be at least 2 pesmidong, whereas the
duration of such sampling cannot exceed 2 hoursquAlified random
sample, taken and analysed regularly, provides wtwaie more complete
quality image of the measured utility. A definiteadtback of this sort of
sampling are its time and labour requirements.

— Time-proportional samples — are characterized kingaof a small sample
volume, performed at specified and permanent iatervSuch form of
sampling does not take into account changes irflthe rate. Yet for an
accepted, possibly short, interval, the taken sampd relatively
representative. This method is characterised by ftlewing features:
regular sampling, permanent volume of single sam@ed permanent
frequency of sampling.

— Quantitative-proportional samples — are charaadriby combination of
sampler with a flow meter. The are characterizegpbymanent size of the
taken sample, perfumed at intervals which resuifrflow of specified
volume of sewage. In order to control the sampjration, a quantitative
measurement signal is required. This type of sarmgptirovides good and
representative results, because it considers thaldtow.

A drawback of this solution is the fact that theseno correlation
between the taken sample and the contamination(lesmkcially with high
flow fluctuation). This problem occurs often in dingewage treatment
plants, where at nigh-time, the flow drops almaskéro. In such situation,
the sampling is performed at relatively long intdsy which can prevent
disturbances in the plat operation from being réedr Quantitative-
proportional sampling is currently becoming inciegly popular. This
method is characterised by the following featusesnpling after a specified
quantity has flown, constant volume of single saspand changeable
frequency of sampling.

— Flow-proportional samples — are taken by combinisgmpler with
a flowmeter. Such mode of sampling is characteribgd collection of
variable volume of a single sample, depending oe turrent flow.
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Moreover, the sample — as in the time-proportiomalde — is taken at
constant intervals.

This method of sampling provides very good, repregese results, and
the results are the best with fluctuating flow aratiable contamination
load. Unlike the quantitative-proportional samplihgre the sample is taken
even if the flow is very low. In practice, this nmsaa possibility of detecting
all disturbances in the treatment plant operatidrhis method is
characterised by the following features: changealsdume of single
samples and permanent frequency of sampling.

— Event-proportional samples — make use of samplexparating with
appropriate meter, e.g. pH. In this mode, the samphits for an ,event”
Only when this event occurs, the sampling is itetla An impulse which
triggers the sampling can be exceeding of a boyngdue (e.g. liquid level,
pH, conductivity, etc.) As long as the "event" $sthe sampling is
performed at specified intervals.

This sort of sampling is particularly recommended $ewage quality
control, as long as we are not interested in thg fact of exceeding some
boundary values, but rather in the reason of stafe ®f affairs. With the
previously described modes of sampling, seizingrapde taken during the
“event” is difficult. This method is characterisbg the following features:
sampling depending on the event, permanent volunsingle samples and
permanent frequency of sampling.

— Combined sampling programs, i.e. event-proportieaahpling can be made
parallel to other modes (e.g. with the quantitapveportional method).
Advances of the combined mode are the resultathefemployed, single
modes of the sampler operation. This method is atherized by the
following trait: combination of time-related, qudative and event-based
criteria of sampling.

Modernization works and optimization of sewage ttresnt technologies
as well as treatment plant classification expressitthi PE (equivalent of
population) require determining of equivalent comitzation loads, which shall
be the basis for further calculations and studis. optimal solution for
measurement for quantity of sewage and determmatiophysical-chemical
composition of the sewage, and, as a result, otaconation loads, is a
permanent measurement (on-line) of flow and comagah of factors
significant for operation of the treatment plans lang as the flow measurement
is not difficult, systems which measure concentragiare still rather unpopular,
due to technical capabilities and costs.
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In the case of an existing system of sewerageatiient plant — receiver,
an archival database, containing information abh@ltme and composition of
sewage which comes into the treatment plant, id.use

An order of the Minister of environment regardingquirements for
introducing sewage into waters or ground, and diggrsubstances particularly
harmful for water environment (Journal of Laws 2086. 137, item 984), as
well as Directive 91/271/EEC regarding treatmentohicipal sewage state that
representative values of concentration are thodedted in medium samples
resulting from mixed samples, taken manually ooenatically within 24 hours,
at intervals not longer than 2 hours, proportiotlthe sewage flow. Yet,
automatic samplers in treatment plants usually take-proportional samples,
at regular intervals (as a rule every 2h), a conistalume of single raw sewage
samples is taken, which are then merged.

The aim of this study was to check the extent tactwithe sampling
method and the volume of sewage (size of the wadtgwtreatment plant)
influence the determined daily average concentratad pollution components.

2. MATERIAL AND METHODS

Monitoring of the quality and quantity of raw sewagarried out in two
wastewater treatment plants: designed for flow 20 8r’/d (WWTP1) and
51 000 n¥d (WWTP2). Sampling and measurement was perfomitn three
days (Monday, Tuesday, Wednesday) of dry weather.

Every two hours, starting from°7on the first day of research, a raw
sewage sample was taken before the drum sieve,aiyatt WWTP1 and using
automatic sampler at WWTP2. Physical-chemical patam within the range
of: total suspension, BQDCOD, TKN, N-NH,", total phosphoruéP,,) were
marked in each of the 12 samples during subseqiagmstof monitoring.

3. RESULTS

3.1. Quantity of sewage

The volume of sewage influent into the WWTP1 wittlinee days of permanent
monitoring varied between 347 and 42#dnwhereas the volume of sewage
delivered via vacuum trucks within 24 hours wasd @8 ni/d. The share of the
delivered sewage in the general volume of sewalfigeint into the wastewater
treatment plant within two hours did not exceed 12%
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Whereas WWTP2 received from 1428%drto 14720 rifd, and the share
of the delivered sewage was 2,9 to 3,7%. Osciltatiof raw sewage inflow to
WWTP1 and WWTP2 within 24 hours are presented gn Ei

Within three days of testing, the amount of sewdigaving into a
WWTP1 varied from 3 fth to 33 ni’h, and for WWTP2 from 338 ih to 784
m*/h. In both wastewater treatment plant after 11 quantity of sewage
decreased to about 25% of maximum flodourly average of quantity of
sewage was 16 ¥n and 607 rith, for WWTP1 and WWTP2 respectively.

100 2000
1st day 2nd day 3rd day

90 T T 1800

80 T 1600

70 + T 1400

60 T 1200

WWTP2, mi/2h

50 + T 1000

WWTP 1, n/2h

40 T T 800
30T T 600
201 T 400

10+ | + 200

0 b 0

7:00 11:00 15:00 19:00 23:00 3:00 7:00 11:00 15:00 19:00 @3:03:00 7:00 11:00 15:00 19:00 23:00 3:00

—=—WWTP 1—o—WWTP 2 hours

Fig. 1. Changes in raw sewage inflow to WWTP 1 @AY TP 2

3.2.Characteristic of raw sewage

Pollution concentration values, marked in raw seasgmpled in WWTP1 and
WWTP2 are presented in Table 1.

Data analysis explicitly indicates high unevenneds volume and
concentration of raw sewage for WWTP1, as well @sies of pollution index
concentration higher, than for WWTP2, which coukd daused by significant
share of delivered sewage. In particular, thesterdiices were observed for
concentration of TKN, ammonia nitrogen, and tptabsphorus.

Were also found large changes in concentrationpatiitants in raw
wastewater. For example, COD determined in insteettas samples collected
every 2 hours changed in the range from 640 mytdm840 mg/drhand from
240 mg/dm to 1040 mg/drf) for WWTP1 and WWTP2 respectively.
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On the basis of the obtained pollution concentration 12 samples for
each day, average daily concentrations were cagalavhich, in accordance
with the Polish Norm PN-ISO 5667-10, reflect valupsmarked in time-
proportional and flow-proportional samples (table 2

Table 1. Characteristic of raw sewage influent t&/W\P 1 and WWTP 2

WWTP1 WWTP2
s-gmglﬁfg Flow | COP | TKN “H4 Plo st]?[gzlns Flow | €OP | BODs | TKN “;44 Plo SJSSiLs
m?/2h m?/2h
mg/dn? mg/dn?
7%° 10 960 | 175| 90 45 630 1108 440 189 8 54 |11 720
g 9 640 | 140| 78 44 822 1461 480 226 70 41 (11 890

11° | 42 | 1560 196 | 176| 68 646 1470, 520 152 7( P ) 360

4
13° | 45 | 1560| 154 | 123| 42 730 1401 640 263 7( 58 7 480

4

5

15| 34 | 1200| 182 | 106| 42 492 1298 520 226 7Q 6 T 160

17° | 48 | 1560| 280 | 238| 41 588 1270, 480 152 54 # b 40(

1st day

19° | 44 | 1680 140 | 91| 35 522 1346 84p 374 P1 680

50

[=)

21| 20 | 1840| 126 | 86| 41 992 1462 600 268

230 | 44 | 1840| 126 | 94| 39 516 1317 440 189 80

92

o
13,1

o O O

3% 14 | 1480| 112 | 97| 35 1360 67 440 189

7
5
5
1% | 27 | 1440| 126 | 89| 49 894 878 400 11% 5
5
5

o7
N
~

50 10 | 1760| 154 | 93| 38 754 704 400 189 86D

7% | 12 | 1120| 119 | 93| 34 378 1201 56p 115 112 63 780

9® | 40 | 820| 112 92| 31 728 1496 680 132 70 B2 |7 240

11°| 33 | 1080| 147 | 144| 51 976 1464 1040 152 56 | 51 8 1040

13| 45 | 1380| 112 | 112| 44 778 1385 320 189 98 54 5 108D

> 15° | 50 | 1120 147 | 113| 32 236 1328/ 680 152 70 5 5 58(

g 17| 19 | 1260 105 | 88| 27 324 129 600 189 56 49 6 300

o 19°| 33 | 1320| 105 | 92| 38 516 132 800 268 56 53 6 300
21| 50 | 1340| 105 | 82| 42 520 1417 320 226 M %8 4 220
23°| 33 | 1120 105 | 85| 39 564 1408 80D 78 56 45 3 60p
1% 38 | 1320] 105 | 95| 36 356 999 320 26| 70 48 B 400
3% 8 1120| 112 | 84| 43 448 733 240 152 56 48 2 88D
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5° | 6 |1040| 105 | 85| 44 214 7070 240 189 7p 5§54 3 20p
7° ] 10 | 736| 105| 78 27 338| 1185 880 203 4 @42 (16 860
g% 28 848 | 112| 83 24 154 1568 840 203 H8 44 5 830
11%° | 47 | 1088| 140 | 132 33 618 1489 560 175 84 38 B 94(
13| 50 | 688| 119| 97| 28 208| 1371 480 148 56 @41 |3 460
15° | 56 896 | 140 103 22 300 1282 560 175 84 4p B 160
§ 17| 32 928 | 119| 94 35 622 1247 720 312 56 45 2 360
& 19°| 40 | 8s0| 112| 78 19 444| 1330 680 230 T0 43 |5 840
21| 66 | 928| 105| 77| 26 414| 1401 320 148 %6 {44 |3 100
23| 18 | 1136| 112 | 74| 29 728 1359 240 208 56 43 4 400
1% 19 896 | 105/ 71 29 202 914 560 175 56 42 2 600
3% | 37 | 864| 140 80 37 220 710 540 120 42 B6 |2 600
5% 21 896 | 123| 78 29 224 709 560 94 56 A0 |10 900
Table 2. Average daily values of pollution concatitms determined for flow-
proportional samples and time-proportional samples
WWTP1 WWTP2
Parameter/test type ist | 2nd | 3rd | 1st | 2nd | 3rd
day day day day day day
flow-proportional sample 153¢ 1189 899 532 585 580
m%%% time-proportional sample 146p 1170 899 516 550 580
rggtfﬁg%gcgf thr‘:]"gl‘?:g 4,9% | 1,6%| 00% 30% 60% 0,0%
flow-proportional sample - - - 217 154 188
BODg
mg/dn? time-proportional sample - - - 210 15y 18R
e | | | - | se] 10| s
flow-proportional sample 169 117 122 66 70 6D
m‘l;;/((;\ln? time-proportional sample 159 11% 119 65 70 a7
difterence Zztr‘;]"sl?r’]‘g 59% | 1,7%| 25% 11% 00% 3.2%
flow-proportional sample 127,0 1000 91/0 498 52,%41,9
n’\1|;/\ld|_r|1413 time-proportional sample 1130 970 87,0 49,8 52,41,6
rggtfﬁg‘fjgcgfzztr‘g’gﬁr’]‘g 11,0%| 3,0% | 4,4%| 00% 04% 0,7%
Pot flow-proportional sample 43,9 38,4 28,11 8,B 52 47
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mg/dn time-proportional sample 431 384 27|18 77 50 4,7

difference between
methods of sampling

1,8% | 0,0%| 1,1% 7,29 3,8% 0,0%

flow-proportional sample 680 540 382 58B 587 583

Total
suspension|  time-proportional sample 745 503 38D 596 552 5p2
mg/dn? difference between

-9,6%| 6,9%| 0,5% -22% 0,9% -1,5M0

methods of sampling

Determined authoritative concentrations of polltgaim the wastewater
influent to analyzed wastewater treatment plantevekfferent in the subsequent
days of measurement for both: time-proportional #ma-proportional samples.

For both WWTP the highest values concentration offupons were
obtained in the first day of testing (on Mondayjes$pective of the method of
sampling.

4. CONCLUSIONS

The calculated differences between values calalffate flow-proportional and

time-proportional samples are 0 to 11%, but for trs@mples they come to
about 4%. This indicates good assessment of theblelconcentration values,
both for sampling of permanent sewage volumes @gtlae intervals, and for
volumes proportional to the flow.

There was also no evidence of any significant eritte of the size of the
treatment plant, and thus unevenness of raw sewdlgay, on the calculated
pollution concentration values.

It is also obvious that pollution concentrationseadped in random
samples reflect the physical-chemical parametetiseo$ewage at the moment of
sampling, and in no circumstances can they be adftion for calculations
which require reliable concentrations. For exammlencentration of TKN
marked within the first 24 hours of the monitorifty WWTP1 changed from
112 to 280 mg/dih Such a large range of values indicates the piigsibf
making significant errors in the design, if you lvbe taken into account the
instantaneous values. On the other hand, it is itapbto provide buffering
capacity of the inequality of pollutants influento wastewater treatment plant.
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WYZNACZANIE MIARODAJINYCH STEZEN ZANIECZYSZCZEN
W SCIEKACH SUROWYCH W OPARCIU O R@NE METODY POBORU PROBEK

Streszczenie

Nowelizacja i dostosowywanie przepisow prawnych wigmaga UE wymusza na
eksploatatorach oczyszczalftiekbw wykonywanie precyzyjnych pomiarow §6b i
analiz skfadu fizyko-chemicznegéciekéw. Posfp techniczny oraz bogata oferta
producentéw urgdzen umazliwia sprostanie tym wymaganiom. Jednak o przydatino
wynikéw pomiarowych do projektowania oczyszczakuiekOw obok doktadnai
urzadzeh pomiarowych decyduje fakt, czy prapkciekbw mana uznd za probk
reprezentatyws Czesto pomimo najnowoczaiejszych uradzen i wykwalifikowanego
personelu wyniki badanie mog by¢ traktowane wiarygodnie.

W artykule na podstawie pomiaréw o i analiz sktadusciekéw surowych
zweryfikowano w jakim stopniu metoda poboru prébataz ilas¢ doptywapcych
sciekow (wielk@g¢ oczyszczalni sciekbw) wplywa na wartd wyznaczonych
sredniodobowych gten wskaznikbw zanieczyszcze W ciagu trzech déb w pogodzie
suchej przeprowadzonoagty monitoring sktaduciekéw surowych w oczyszczalniach
zaprojektowanych na przeptyw 820%dh (OS1) i 51000 n¥d (OS2). W prébkach
zbieranych czasowo-proporcjonalnie i przeptywowogarcjonalnie wyznaczono
stgzenia miarodajne wskaikow zanieczyszcze Uzyskane warkei wskazuj na
mozliwosci przyjmowania do projektowania ¢gen miarodajnych wyznaczonych w
probkach zlewanych w jednakowych interwatach czgstwijak i proporcjonalnie do
przeptywu. Nie stwierdzono rowridstotnego wpltywu wielkéci oczyszczalni, a tym
samym nierownomierroi doptywu $ciekdw surowych na obliczone wastd stzen
wskaznikdw zanieczyszcze
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APPLICATION OF FUNDAMENTAL SOLUTIONSTO THE
STATIC ANALYSISOF THIN PLATESSUBJECTED TO
TRANSVERSE AND IN-PLANE LOADING

Zdzistaw PAWLAK"
Institute of Structural Engineering
Poznan University of Technology, Piotrowo 5, 61-FR&na

In this paper static analysis of Kirchhoff platesconsidered. A transverse and in-plane
loading is taken into consideration. The Finiteiistvlethod is used and the suitable
fundamental solutions are applied. According to finée strip method a continuous
structure is divided into a set of identical eletsesimply supported on opposite edges.
The unknowns are deflections and transverse slapables along the nodal lines. The
finite difference formulation is applied to expredg equilibrium conditions of the
discrete system. This reduces the number of degrédseeedom. The solution of a
difference equation of equilibrium yields the funtlntal function of the considered
plate strip. The fundamental solution derived iis thay, can be used to solve the static
problem of a finite plate in the analogous way ks boundary element method is
applied for continuous systems.

Keywords: Fundamental solutions, finite strip noethKirchhoff plates, initial
stability and static analysis

1. INTRODUCTION

The Finite Strip Method (FSM) was created as a migaletool to solve specific
engineering problems [8, 9]. This method is theraktive to the most popular
Finite Element Method. Application of FSM does metjuire high number of
degrees of freedom. The choice of the FSM to amaisictures requires finding
and applying some types of functions called fundaale functions or
fundamental solutions. A fundamental solution déss the behaviour of an
infinite structure in the sense of generalized ldispments and forces caused by
a specific type of external loading.

" Corresponding author. E-maildzislaw.pawlak@put.poznan.pl
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The Boundary Element Method (BEM) which is ofteedis the thin and
thick plates theory [2, 7, 11], was used to essabthe critical forces. For the
initial stability problem, the modified approachttee thin plate analysis with an
assumed physical boundary condition was propose@uyiniak and Sygulski
[5], and also Guminiak [4]. Modelling of the platending problem with in-
plane loading requires a modification of the goimgnboundary integral
equation. It is necessary to introduce a set efriral collocation points in which
the plate curvature should be found. The analylsgates with a wide range of
arbitrary shapes by BEM was discussed by Katsikaf#]. The author used the
Analog Equation Method combined with BEM to estsibldistribution of in-
plane forces, calculate critical forces and soldics problem with known in-
plane forces. He presented the classic formulatiothin plate bending with
corner concentrated forces and equivalent sheeegor

In this paper the critical forces were derived gdine boundary element
method and the procedure described by Guminiak][4voreover, the critical
forces were derived analytically using the formgigen in [12]. The static
analysis based on the finite strip method (FSMawfinfinite plate strip with
transverse and normal loading leads to the fundtahdnnctions for the
considered structure. A plate structure infinite@ne direction, simply supported
on its opposite edges is considered. The plat@sstwith such boundary
conditions are commonly applied as bridge strustusie box or plate elements.

2. STATIC ANALYSISOF A PLATE

According to the finite strip method [8] the contous body is approximated by
the regular mesh of identical finite strips of &idmy widthb and lengthL (see
Fig. 1).

Y VLN

ol L e G G L

_S*fJ@/j /L(_&
® O AW

T/TTI T/ 777777 77T 77 77 77 7T 7T X

Fig. 1. An infinite plate strip discretization
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The unknowns are deflections and transverse slopitades along the
nodal lines. Assuming a simply supported, four-degof-freedom finite strip
for discretization (Fig. 2),

Fig. 2. A finite plate strip

the field of displacements for an arbitrary stris expressed in the combined
form of harmonic series expansion:

w (xy)= Y N, sin (1)

Where:q:]=[V\(,n Q, W, (pj’n]T is the vector of displacement amplitudesrfeth

harmonic,N=[N. N, N, N is the shape functions vector consisting of thé-we
known Hermite polynomials:

33X 2x° 2x° X
M T T Ty T
(2)
3 2 x* X

3= —

Vo b b

For another boundary conditions of a finite stripeanay use more complex
trigonometrical functions in equation (1), i.e. foclamped edges

w (x, y)=iN LR B;(l—cosznTnyj. The total displacements at theh nodal line
n=1

may be derived as the sum of amplitudes obtainedraarbitraryn-th element
of the harmonic series:
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had . n ks . n oW
W=D W BmT"y L 9=Dq, E*kany CaE 3)
n=1 n=1

Using the displacement functions (1) in the minimtian procedure for the
potential energy formula:

°w
oxoy

u, :%H)[— Mx(w)‘ZTVZV -M y(w)‘(337\'2\'+ 2M (W) ——+ SX(W)Z—\:(deXd% 4)

we obtain the set of infinite number of linear eizs:
SK'E+ Y6 E =P, (5)
| =—c0 | =—0

where: M, (w), M (w), M, (w) are appropriate bending momeng,(w) is
the axial force, q'=[w @ w, @] and P=[T m T m| are the

displacement and force vectors feth strip, respectivelyK' is the stiffness
matrix andG' is the geometrical matrix of the finite strip ekemt

2.1. Theeement geometrical matrix

The geometrical matrixG for the finite strip of widthb (see Fig. 2) can be
derived from the expression:

bL
G' =[[B" (BB dy L8, (6)
00

N N'X _ O Oy
v oo o)

o, are membrane stresses (constant across the Ipieitedss) produced by the

in-plane forces acting at the finite strip bordddsing the equation (2) in the
equation (6) leads to the geometrical matrix for @rth) finite element:

72 6 -72 &

LS | & -6 -

T 120b|-72 -6 72 -6b

b -2° -6b &°

where:

’ (8)

whereh is the plate thickness.
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2.2. Thedement stiffness matrix

The element stiffness matrix for a four-degreerektiomI-th strip can be
derived from:

b L
K'=[[B (DB dydx, 9)
00
where:
D, D, O
D=|D, D, 0
0 0 D,/2

The above mentioned flexural stiffness parametaraifi orthotropic plate are:
— Exh3 — Eyh3
x = 2y Oy T 2y’
121-vy) 120-vy)

(10)
o vidbrn) | b-viio.+o)
2 2
In the case of an isotropic plate these coeffici€h®) have simpler form:
D=DX=DY=%,D1=vp[D,DXy=(1—v§)ED, (11)
where:E is the Young's modulus ang is the Poisson's ratio.
After some operations the stiffness matrix takesftnm:
K,=a, K, +a,K,+a;K,+a,K, (12)
whereK; are number matrices:
(156 22 54 -13] (6 3 -6 3p]
2% 4p2 1D —3p? 3b 2b®> -3b b?
“*l s 1 156 -om| C |-6 -3 6 -3 (39
-1 -3° -2 47 | 13 b®> -3b 2b*]
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(36 1&% -36 3 (36 3 -36 3b]
1&% 42 -3 -b? 3  4? -3b -b?

“7 a6 -m 36 —im| ‘ |-36 -3 36 -3| D
| 3 -b® -1& 4b* | 3 -b®> -3pb 4b*

a; are coefficients depending on physical and geooattparameters of the
considered structure:

4 2 2
a2LbD LD a‘LD a:LD n7r
a =" g,=—2 g="2""2L g, ="""X g =", 14
17 84c 25 p 7 3 Y 3 "L (14)

2.3. Theequilibrium equations

The equilibrium equations are derived applyingfihi#e element methodology.
Having derived the element geometrical (8) andfngtffs (12) matrices the
equilibrium equations for the-th harmonic element, after assembling two
adjacent element-th and(R+1)-th (Fig. 3) are of the form:

T,atT,u=hR
(15)
m,,+tm ,=m

whereT, ; andm ; are forces derived for each element using equgipn

Fig. 3. Forces acting at a nodal line

For a regular system the equilibrium conditions) (@&n be written in the form
of difference equations equivalent to the FEM mairmulation [9]:

p.£% +po]ow, -, (E- £y =, R 6
B, (- ), + .6 8]0, =B,

where:



Application of fundamental solutions to the static analysis of thin plates subjected ... 115

B, =sin(yp,an) B =sin(y,.a,) , B, =420, , a :ﬁ ,
B = 6(901 -a,—-6a,;-6a, —12ag) ,
3, =b(L3x, -3a, - 30, -3a, -6a,) , (17)
B :bz(—3a1+a2 -a;-a, —Zag) :
B, = 20 (o, +3ar, +3a, +3a, +6a)
E" is the shifting operator (see [1]):
E(f, )= ..,
(18)
R=r=E+E"-2)
is the second-order difference operator
Kt =[E+E*-2f =1 +1,-2f (19)

a; are the functions of harmonic numbegiven by (14),P, and m, are the
forces and moments acting at the nodal lingvith co-ordinatesy, and y,,,

respectively). After elimination of the slope fuioct ¢, the equilibrium

conditions are transformed into one fourth-orddfedénce equation with one
unknownw, (nodal transverse displacement amplitude fonttte harmonic):

(B +B8+8] w =, +B ] +p 8, [E-E7)mn (20)
where:

By =BoBs BZ:BOBS+I31B4+4I3§ ' B4=|31|33+|3§ (21)

For the regular infinite plate strip, equation (Zequivalent to the set of
infinite number of equilibrium conditions derivedsing the finite strip
methodology (FSM). The solution of this equatiomtdies one to determine the
state of deformation of the entire considered stinec

3. THE FUNDAMENTAL SOLUTION

Solution of the finite difference equilibrium eqioat (20) yields the
fundamental functions for the considered systemoriter to solve the static
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problem of the structure loaded by the folge=Rd, ,=PI[d , (M, =0, J,,
— Kronecker delta) we use the discrete Fouriestam inx direction [10]:

Flf]=Fla)=>f, e,
. 22)
Fo{f@)= 1 =g | Tl)e™ ma.

Applying both transforms (22) to the equilibriumueadgion (20) yields the
formula:

Slcos(cx +S )cos(rcx)
Jcosz )+ B, coda)+C,, -l

(23)

where:
B, =(B,-4B,)/(2B,) . C, = (4B, - 2B, +B,)/(4B,).
S =BB,/(2B,) . S, =(B, - 28,)8,/(4B,).

The solution, i.e. the nodal displacement amplitnaiey be expressed in the
form of the following recurrent relation:

(24)

=Plan s m )
where
F(r)=2"tc(r +1)—U2r_3 c(r-1)+
1 (26)
-3 -4
2( ) Jz < _s)-;(r 2 }z -5+
)=z eh)-| e -2
(27)
+;[r jzf-s c(r —4)—;{r ;4}” c(r-6)+..

The integrals occurring in the above formula:
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_r cos'(a)
Cln)= ~([ cos’(a)+ B, cosa)+C, do (28)

can be easily solved in an analytical way. The fdam(25) expresses the
deflection amplitude along the nodal lindor an arbitraryn-th element of the

harmonic series in a closed analytical form. Framequilibrium equations (16)
the following relations for the transverse slopghiudes are obtained:

_-—EEEEL-+J§£ 2Bl BO ,
g, B, 2B,

(29)
_2B;-B B
0, =—>—20,-0,_-2W,-W_)
1 [33 1 [33 ( 1 1)
The functions of displacements at the nodal tiaee in the form of the sums:
N N
W(r,y)=ZWr(n)E'kinnTW. o(r,y)=>_6,(n)Bin—= [ly (30)
n=1 n=1

whereN is the number of harmonic elementg(n) and 6, (n) are amplitudes

obtained from (25) and (29), respectively.

The fundamental functions (30) for the infiniteistenable one to solve
the static problem of a rectangular plate withtérdimensions, according to the
indirect BEM.

4. NUMERICAL EXAMPLES

A problem of the initial stability of rectangulatapes subjected to uniformly
distributed loadingg and compressive force, is considered. All types of
boundary conditions are introduced in the analysis.

The plate properties are as follows: Young's mod@g 205 GPa, Poisson’s
ratiov = 0.3. The number of finite strips chosen for dé¢ization was 6 and 12.
Analytical solutions for the problem of initial &iity of Kirchhoff plates were
evaluated basing on the procedures given by Girknj8h Timoshenko and
Woinowsky-Krieger [13] and Timoshenko and Gere [12]

4.1. The square simply-supported plate

The square plate, simply-supported on all edgessabgkcted to the uniformly
distributed transverse loading and constant loadgting in plane is considered.
The plate dimensions afe= I, =1,= 1.0 m, the plate thickne$s= 0.02 m, the
uniformly distributed transverse Ioadlpgz 100 kN/nd and the constant loading
acting in-planeN, (Fig. 4).
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Fig. 4. Square, simply-supported plate subjecteti@ainiformly distributed loading
and constant loading in-plaig

The values of critical forces obtained using thalyical solution given in
[12] and applying the BEM formulation presentedShare shown in Table 1. In
the considered approach the plate boundary wadethinto ten elements.

Table 1. The values of critical force

Ner Analytical BEM
[KN/m] solution solution
1 5928.993 5978.358
2 9264.052 9450.545
3 16.469.42 17102.466

The results obtained for the first critical foroe gresented in Table 2.
The calculations were carried out for various valeé in-plane loading. The
constant loadingj, was assumed to be lower than the critical force.

Table 2. Deflection and bending moment at the paint

Ny w, /(pl*) M2 /(pl?)

0.0 0.004081 0.049700
0.25° Ng, 0.006903 0.070470
0.50" N, 0.012212 0.123610
0.75" N¢ 0.052933 0.533570
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4.2. The square plate, simply-supported on two opposite edges with

two clamped edges
In this example the square plate, simply-suppodedwo opposite edges with
two clamped edges, subjected to the uniformly ithisted transverse loading and
constant loading acting in plane is considered. glage dimensions ate=1,=1,
= 1.0 m, the plate thickness= 0.02 m, the uniformly distributed transverse
loadingp = 100 kN/mi. The calculations were carried out for a few valoé
constant loadN, , which acts in plane (Fig. 5).

The value of the critical force for the considerpthte obtained
analytically [12] and derived applying BEM procedui5] equalsN,, = 10090
kN/m and N, = 11635 kN/m respectively. The values of deflection and begdin
moment at the middle point of the plate are shawhable 3.
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Fig. 5. Square plate, simply-supported on two oftp@siges with two
edges clamped, subjected to the uniformly distabuoadingp
and constant in plane loadihg

Table 3. Deflection and bending moment at the paint

Ny w, D/(pl*) M2 /(pl?)
0.0 0.002174 0.03430
0.25° Ng, 0.002792 0.04477
0.50 N 0.003891 0.06335
0.75° Ng 0.006397 0.10553
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4.3. Therectangular plate, ssimply-supported on all edges

The rectangular plate, simply-supported on all edgebjected to the uniformly
distributed transverse loading and constant loaditing in-plane is considered

(Fig. 6).

—L

Fig. 6. Rectangular, simply-supported plate, subgkto the uniformly distributed
loadingp and constant in-plane loadihyg

The plate dimensions ard =0.51, = |, = 1.0 m, the plate thickness
h=0.02 m, the uniformly distributed transverse logdp = 100 kN/mi. The
value of constant loadinly, , which acts in-plane depends on the critical dorc

(see Tab. 4).
Table 4. Deflection and bending moment at the paint

Ny w, D/(pl*) M2 /(pl?)
0.0 0.01017 0.04434
0.25° Ng, 0.01358 0.05194
0.50 N, 0.01726 0.06208
0.75° Ng 0.02340 0.07025

In this case the value of the critical force wasivie applying BEM
methodology [5]. For the considered plate the aaltiforce equalsN,, = 5983
kN/m. The value of deflection and bending moment atrtinddle point of the
plate are shown in Table 4.

4.4. Therectangular plate, smply-supported on two opposite edges

and with two free edges
The rectangular plate, simply-supported on two sfipoedges with two free
edges is considered. Apart from the uniformly distied transverse loading=
100 kN/nf , the constant loall, acts in-plane (Fig. 7). The plate dimensions are
ly=2.0 ml,= 1.0 m, the plate thicknesshs= 0.02 m.
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Fig. 7. Rectangular plate, simply-supported on opposite edges

and with two free edges, subjected to the unifordibyributed loading
and constant in-plane loadifyg

The results derived using the BEM procedure givel®] yield the critical
force valueN,, = 403 kN/m The fundamental functions obtained using the FSM
enable to derive the deflections and bending mosniemtthe considered plate at
the middle poinfA (Table 5).

Table 5. Deflection and bending moment at the paint

Ny w, /(pl*) M2 /(pl?)
0.0 0.19830 0.46548
0.25° N 0.28101 0,70641
0.50° N 0.48291 1,29549
0.75 N, 172861 4,93285

As it was expected the values of deflection anddinmoment at the middle
point for each example plate increase with the ginaf the in-plane loading.

5. CONCLUDING REMARKS

In this paper the static analysis of thin plateshva transverse and in-plane
loading was considered. The equilibrium conditidos an infinite strip were

derived in the form of one difference equation. Sbhkution of this equation, i.e.
the fundamental function for an infinite plate girivas derived basing on the
finite strip method (FSM). This method is an impait alternative to the most
popular Finite Element Method, because it doesregtire a high number of
degrees of freedom. The fundamental solution dérimethis way, can be used
to solve the static problem of a finite plate. Mwrer, plates simply supported
on their opposite edges and loaded in-plane aremamty applied as bridge
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structures, as box or plate elements. The numergsllts demonstrate the
effectiveness and efficiency of the proposed method
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ZASTOSOWANIE FUNKCJI FUNDAMENTALNYCH W ANALIZIE STATYCZNEJ
PLYT CINKICH OBCIAZONYCH POPRZECZNIE | W PLASZCZXNIE

Streszczenie

W pracy przedstawiono anajizstatyczim plyt cienkich, obecizonych zaréwno
poprzecznie jak i w plaszcayie, z wykorzystaniem metody pasm sk&ponych.
Zgodnie z zasadami metody pasm rmskaonych, cigly i nieograniczony uktad
aproksymowany jest nieskozomy liczba identycznych elementéw, ktérymi pasma
skaiczone swobodnie podparte na przeciwleglych bokatlewiadomymi g tzw.
amplitudy ugéc¢ i katdw obrotu na liniach eztowych, czyli na brzegach swobodnych
pasma skficzonego. Po okékeniu macierzy sztywnii i macierzy geometrycznej
elementu skiczonego wyprowadzone zostatozmécowe réwnanie réwnowagi, ktére
obowiazuje dla kadej linii weztowej pomedzy elementami. Gltownzalet, tej metody
jest maliwosé¢ przedstawienia warunkéw réwnowagi dla catego raamago uktadu w
postaci jednego réwnania rekurencyjnego. Razanie wpomnianego réwnania dla
regularnego, dyskretnego pasma plytowego nazywase funkci fundamentaln
Rozwiazanie fundamentalne otrzymane w ten sposob zostaj&orzystane do
rozwigzania problemu statyki ptyty o skozonych wymiarach, w sposéb analogiczny
jak metoda elementéw brzegowych w statyce uktadidghych. Podstawow korzyscia
wynikajaca ze stosowania metody elementéw brzegowych (BEME anetody pasm
skaaczonych (FSM) jest mniejszy naktad obliczeniowy werdwnaniu z innymi,
podobnymi metodami.
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HYDRAULIC RESEARCH FOR SUCCESSFUL FISH
MIGRATION IMPROVEMENT — "NATURE-LIKE”
FISHWAYS

Angelika TEPPEL, Tomasz TYNASKI’
Uniwersytet Przyrodniczy we Wroctawiu
Instytut Inzynierii Srodowiska

This article presents an overview of the desiguitsmis for fishways which are locates
nearby hydrotechnical constructions. Currently iiashble and recommended hydraulic
design of fishways are moving towards "close tair&t solutions. Their characteristic
feature is applicable to the construction a nathtéllding materials (tree trunks, stones,
gravel, vegetation) in such a way that its appesaesembled a small natural water
courses. Design of hydraulic fishways based salelthe criteria of maximum speeg.x
andparameter of unitary energy of water iEdoes not give complete information about
the effectiveness of these devices. In order tayre the optimal flow conditions for
ichthyofauna, very useful are spatial structureaesh of hydraulic parameters, such as
disorders of velocity field or the degree distribns of turbulencelTu. The article
presents an example of such a study, which theoestbarried out on the model
seminatural fishway in the water laboratory intitage of Environmental Engineering in
Wroctaw. The results were used to assess the agcafahe functioning of the fishway.

Keywords: fish ladders, hydraulic conditions of teraflow, model test

1. INTRODUCTION

The loss of ecological permeability of the rivevery often is associated with
hydrotechnical constrictions of riverbeds. On thideo hand, an artificial
barriers like the dams, weirs, thresholds, etcirareany cases necessary for the
regulation of rivers, flood protection, retentiamater balance and management
in the catchment, agriculture and environmentaldeen adjacent areas.
Hydroelectric power plants also contribute in egadal production of
electricity.

" Corresponding author. E-mailomasz.tyminski@up.wroc.pl
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Polish accession to the European Union, forcedogixdl operations in
the widely understood water management. For instaimcorder to allow the
fish to overcome damming, free migration and redticeir mortality in
hydroelectric turbines, the law requires a spestalctures in the vicinity of
hydrotechnical obstacles, so-called fishways. Tgliio account the structure,
the type of materials which they are made and trdraulic flow conditions
prevailing inside the construction of fishpassagbsy can be divided into:
technical and "close to nature"/seminatural/ [3 5,15, 18].

—

Tl

Fig. 2. Vertical slot fish pass by ViIIacﬁ/Aush[@z]

Technical fishways are the oldest known structarelow fish upstream
migration. We can distinguish the following typeflsdevices: baffle fishways
(Fig. 1), fish ladder of the reverse current (Ddisthway), vertical slot fishways
(Fig. 2), eel's gutters, locks and fish elevatorschnical ladders are well
described in the professional literature [1-2, ®2,3, 15-16] and therefore will



Hydraulic research for succesful fish migration improvement — “nature-like” fishways 127

not be a theme of certain research. Most of theamat difficult to hydraulic
dimensioned and until recently a designers wiljngtose technical solutions of
fishways. Technical ladders are built mostly of @ate. This fact makes that
they are compared to nature and local foreign pesss. Currently fashionable
and recommended hydraulic design of fishways argimgotowards solutions
"close to nature" - a fishways with biological tl4ilp.

2. THE NATURE-LIKE FISHWAYS

Close to nature fishways are more modern than isakitof technical ladders
type. Long research and analysis of hydraulic fesysvdesign and better
understanding of the environmental determinants ecbsystems, led to
emergence of solutions that will enable aquaticanigms to overcoming
obstacles in conditions similar to natural way.th¢ same time, these ladders
should allow for the proper functioning of the hguchnical object and
harmoniously interact with the surroundings. Hallkmaf "close to nature”
fishways is applied to their design natural matergach as wood, vegetation,
stone, gravel and river bed load - molded in a ifipeway for each type of
structure. To nature-like fishways we can include:

» rock-ramp fishways (rapids, ramps),

» chain of reservoirs,

» by-pass channels (seminatural bypass fishways).

2.1. Rock-ramp fishways

Rock-ramp fishways otherwise artificial rapids amps are the constructions,

that reflect the steep drop in the river bottonpslequivalent 1: 20-1: 30. They

are made of stones with a diameter from 30 to 80Tdme size of the material

should be precisely selected to ensure a suitabterwelocity and the amount

of flowing water. The material used for the constien of the ramp should be

the stones from the nearby surroundings. Theredisision of the ramp due to

their location. We can distinguish:

» ramps arranged over the whole width of the riverbed

» ramps arranged in part of the riverbed (built imliidnal narrow overflow
hole of hydrotechnical object, separated by a fpamtistructure from the
rest),

* ramps such a stream, which revolve around a hydranlbstacle (for
instance: a weir).

Thesecond group of these fish-passes are:

e ramps pool,

» erratic-ramps — irregular heap up stones.
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Cascades
The cascades are small collections of pools cordesith each other with a
little ramps angle or a number of steps with a tpadient (Fig. 3).

Fig. 3. Rock-ramp fishwy [6]

Ramps

Resemble stone ramps, but their shape is moreareglhey are built with

stones and boulders reinforced by concrete. Hetecam highlight the ramp
boulders made of layers pour off rocks and bouldalso with deck-mounted
ramps - edgewise embedded boulders. Sometimesathpsrcan be spread
across the entire width of the watercourse, howearer more likely to meet the
ramp on one side of the shore.

2.2. Chains of basins

In this case, the crossing for fish are conneatezhth other with small basins,
ponds, which are located on the ladders (Fig. dJowing basins are connected
by short overflows. Another variation of this typkladder is step-pool fishway.

8|
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Fig. 4. Chains of basins: 1-artificial barrier basin, 3-ramp [20]
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Ponds are places where fish can rest during th@¢gu They also have the role
of speed reduction on the ladders. In this typeystem, the arrangement of
intermediate pools are usually irregular and varted main cause of this type
of asymmetry are off-road conditions [15].

2.3. By-pass channels

By-pass channels (circulation channels) are coctstns resemble a rivulet or
mountain stream (Fig. 5). This type of ladder hadual function - it is a
temporary way to fish as well as a permanent hafbtaother organisms. The
first such ladders originated in countries hightpanized, where as a result of
the river adjustment many natural habitats weréragsd.

To build a popular by-pass channel we must usearalamaterials as
stones, gravel, tree stumps, boulders, fascines;Tee bottom of the ladder is
also composed of similar elements. Its slope vandke range of 1:75 to 1:20.
It is formed by natural depressions and pools, Wwigictomatically reduces too
high velocity of water. By-pass channel must bedésh a winding route,
resulting in minimizing the velocity and to reduttee difference between the
downstream and upstream level. If the designerse hav their disposal a
relatively much space to build, there is possiblegduce the impoundments
even up to 10 m. Under these conditions, the cixamnnis more diverse and has
sections characterized by large and small dec[feg].

The disadvantage of this kind of transition is tkatfunction properly
there must be a large flow of water. Unfortunatetgy occur such hydrological
and hydraulic conditions, that this requirement wit be fulfilled.

Fig. 5. Semi-natural bypass fishway in the old rived of the Rhone/France [10]
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3. RECOMMENDATIONS FOR FISHWAY DESIGNERS

In Poland, the design guidelines for fishway drawp by a German
interdisciplinary expert team [2, 6, 7, 13, 14¢ aopular and commonly used.
A summary of its key assumptions is given in thel&d..

Table 1. Ichthyofauna Requirements and Guidelinegishway Design [2, 6, 7, 13]

i Permissible water flow
Type of fish L
velocities in fishways
Small fishes and juveniles v<1.0m/s
Medium-size fishes like cyprinids (chub, barbel) v<15m/s
Big-size fishes like salmonids (salmon, trout) v<2.0m/s
Flow parameter Size
Mean velocity v=0.4-0.6 m/s
Velocities at the fishway mouth v<1.9m/s
Velocities at the inlet of the upper water v<1.2m/s
Specific discharge q>0.1ndls
Unitary energy of water E <200 W/n?
Geometric parameter of fishway Size
Diameter of used stones d=0.4-0.7m
Width of stone baffle w=0.9-12m
Bottom slope 1:75-1:20
Difference in water levels between chambers Ah=0.05-0.15m
Width of fishway b>0.8m
Lmin=3 xL
Length of chamber
L>40m

tmin = 2.5 xH
Water depth in chamber

t=0.2-15m

Smin=2 XD

Width of slots

$s=0.1-0.5m

where: D — width,H — high and_ — length of fisHm] [13]

Fishways dimensioning based on the above desigommendations
should be at the same time, related to the neaddpt them to local conditions
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prevailing at the construction site of fishway (Gles composition of fish,
terrain, hydrological conditions).

4. ASSESSING THE EFFICIENCY OF FISHWAY

It is important during designing a "close to natupassage for fish provide a
suitable for hydraulic conditions of fish fauna. 8fly, to assess the
effectiveness of the functioning of those structurgesigners using the data
about the maximum velocities of the flow (Tab. hdaanalyzing a stream of
water turbulence inside the ladders. Turbulence fishway is often estimated
by means of the so callgghrameter of unitary energy of water Ehis value
can be calculated from:

E:p[g[Ah[Q

Alt . [Wint] (1)

where:

Ah — difference in water levels between chambers [m],
Q — water flow rate in the fishway fits],

A — chamber (pool) surface area’]m

pw — density of water [kg/fijy

t — filling of the chamber (depth) [m].

For strong fish species which are good swimmeis plarameter’s value
should not excee@00W/n?, whereas for small fish species, juvenile fish and
fry the limit is E = 100 W/m.

Unfortunately, often a built of fish-passages imited only to the
directory selection of ladders type. Even in thesecavhen its hydraulic
dimensioning is compatible with the required engiirgg standards, it happens
that the effectiveness of fishway is limited. Absuich cases, alerts inter alia a
professional literature in Germany [1, 2, 13, Mere amount of fishways is
disproportionately higher than in Poland. Therefanethe authors opinion of
the publication, to assess the effectiveness biMay is necessarily needed a
spatial analysis of speed distribution inside théders and especially stream
turbulence. Study of turbulence in fishways aresgme on objects in nature
(for example to optimize them), using 2D-numerisahulation or physical
models in the laboratory. A quantitative measurthefintensity of turbulence is
the degree of turbulencky, which can be set separately for each direction of
flow [17]. This value can be calculated from:
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o )

V2, +VE, V2

Sr,X sty sr,z

Tu= [-] @

where:
Vy, W, \, —fluctuation velocity components [m/s],
Virx sViry » Virz — @verage velocity components [m/s].

5. LABORATORY INVESTIGATION

At the Institute of Environmental Engineering ae tiVroctaw University of
Environmental and Life Sciences was made a hydranbdel research of the
flow conditions for a part of seminatural fishwaym-long fishway (scale 1:3)
with elements of biotechnical build-up was builttive linear trapezoidal flume
with bottom roughnesa = 0.012 m’s, longitudinal bottom slop@ = 12 %o,
width of the bottomb = 0.90m and 1:1 bank slopes. Adopted fishway
configuration shown in Figs. 6 and 9.

In our experiments we used the common reedrggmites communis
TRIN). Density of the vegetation zones was 577 stefstapresentative
diameter of the reed wak = 5.6 mm and the representative dimensions of the
used stones Bfwidth, H-height, L-length in the direction of flow) were:
a) horizontal projectionB xL =176.5x 97.2 mm; b) vertical cross-section
BxH=176.5x66.1 mm.

= Il L ]

.

-
Fig. 6. Laboratory model of fishway with biotechaliduild-up

Tested in the laboratory fishway model with bioteical building
elements is modular construction. Building "clos@ature” fishway in the form
of a bypass channel, we use modules, which youdcgticate and expand
structure at length, depending on your needs.
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5.1. Methods and scope of research
Experiments in the laboratory has mainly focusedhenmeasurement of depth
and velocity of water flow at the inflicted flowQ. Multidirectional
instantaneous velocity measurements carried outgusiectromagnetic probe
PEMS type (Fig. 7) 360 points with dimensions ofsme.10 x 0.15 m and
characteristic points of movement disorders, egigdn apertures of fishway.
Depth was measured by water level indicator witmierometric screw
and a cathetometer. Laboratory measurements haredagried out within the
following limits of hydraulic parameters:
« stream flow intensit®) = 30-50 dri¥s
* momentary speeds= 0-1,00 m/s
» depth of flowh = 0,15-0,22 m
During the conversion the corresponding values ftoer model to the
nature conditions was used an appropriate criteofohydrodynamic Froude
similarity [17].

Fig. 7. Measuring instruments (probe PEMS)

5.2. Results and discussion

An example of the results of measurements for digEQ = 780 dn¥/s QLag =
50 dmi/s) is shown in Figs. 8-9 and Tab. 2. These datadaveloped and
converted according to the scale (1:3). From thenfila (1) setthe unit
parameter of water energy. Fou can see thd = 67.80 W/ does not exceed
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the limit values, even for the young and the wdak.fThe same applies to the
average flow velocity in fishway (Tabs. 1-2).

Table 2. Example of research results

Lp. Coordinates of Vi t; t A Ah Vin E
measuring point (Fig.9

- | x[m] ylml [ [m/s]| [m] | [m] | [ | [m] |[m/s] | [W/m]
1. 3.60 0.6 1.31] 0.63D

2. 4.20 0.7 0.41] 0.5850.579|20.25| 0.104| 0.41| 67.8
3. 5.60 1.0 0.44 0.57B

4. 6.60 1.0 1.36 0.52p

where:

t, A, Ah, E — by formula (1);

Vi - average flow velocity;

v; - average local measurement points of depth;
x — distance in the direction of the flow;

y - distance perpendicular to the flow (Fig. 9).

However, a full assessment of the effectivenesdfisifway is only
possible in case of the analysis of the spatiatridigion of hydraulic
parameters. Laboratory measurements of the velbeltyallowed to determine
the formula (2) the degree of turbulende. Graphic illustration of the
turbulence distribution in tested fishway and iesithe empty riverbed (for
comparison) is shown in Figs. 8-9.
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Fig. 8. Distribution of turbulence degrgeu” for empty laboratory flume

Biotechnical build-up affects significantly on thdistribution of
turbulence in the water stream of fishway (cf. Bigand Fig.9). So, it is
possible to create a different hydraulic flow cdrudis inside the fishway e.qg.
areas of increased turbulenceu(= 0.5-0.7) and so-called resting areas for
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upstream fish migration ("the island" on Fig. 9,emTu = 0.3). This is
especially valuable because of the ichthyologieglirements [1, 3, 4, 15, 19].

W 4 45 500 5% 600 650

Fig. 9. Distribution of turbulence degrgeu” in fishway with biotechnical build-up
(* points of depth measurements)

6. CONCLUSIONS

Biotechnical arrangement (vegetation + bouldersyéminatural fishway is a
disorder (obstacle) input to the flow, which resuh a reduction of the local
velocity and dissipation energy (cf. Fig. 8 and. By

Appropriate use of biotechnical arrangement enaldesreate stable
hydraulic conditions for fishway in established graeters, e.g. clear, constant
current (Fig. 9) the fish-friendly navigation systén fishways, but also make a
rest areas for migratory fish, where the water dpeeeduced (Fig. 9).

In order to find for ichthyofauna the optimal depitent configuration of
plants and boulders inside the fishway and to eadn of its efficiency -
particularly useful are the spatial structure ofifawlic parameters tests for
example. the velocity field or distributions thegdee of turbulenceTu.
Fishways design only on the basis of the averagkgemeralized parameter
valuesv or E (Tab. 1) does not give complete information altbet efficiency
of the fish ladders.

The article points out an example of the resultsioled for hydraulic
research made on the artificial model of fishwayha water laboratory. They
represent the output base for further analysis asdarch. While at the
fishways design stage worth recommendations arepotan simulations of
hydraulic flow conditions e.g. on two-dimensionahmerical models.
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BADANIA HYDRAULICZNE DLA POPRAWY WARUNKOW MIGRACJIRYB -
PRZEPLAWKI ,BLISKIE NATURZE”

Streszczenie

W pracy przedstawiono przegl rozwhzan konstrukcyjnych przé¢ dla ryb
(przeptawek) przy obiektach hydrotechnicznych. Moddbecnie i zalecane konstrukcje
zmierzaj w kierunku rozwizan ,bliskich naturze”. Ich cech charakterystyczn jest
zastosowanie do budowy przeptawek naturalnego badidamienie, pnie drzewiwir,
roslinnos¢) w taki sposéb, by swoim wyglem przypominaly mate cieki naturalne.
Projektowanie hydrauliczne przeptawek oparte aggtie na kryteriach pdkosci
dopuszczalnychvy,ox Oraz parametru jednostkowej energii woly nie daje peinej
informacji o skutecznii dziatania tych urmzer. W celu wytworzenia w przeptawce
optymalnych dla ichtiofauny warunkéw przeptywu ptayne s badania struktury
przestrzennej parametrow hydraulicznych np. zalupmla pedkosci lub rozktaddw
stopnia turbulencjiTu. W pracy zaprezentowano przykilad takich badddre autorzy
przeprowadzili na modelu przeptawki seminaturaimé@boratorium wodnym § UP we
Wroctawiu. Otrzymane wyniki poshyly do oceny poprawrgi funkcjonowania
przeptawki.
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REMOVAL OF PRIORITY PAHSFROM COKING
WASTEWATER

Agnieszka TUREK, Maria WEODARCZYK-MAKULA
Water and Wastewater Technology Czestochowa Urifye&Technology,
Department of Chemistry, 42-200, §&ochowa, Poland

The purpose of these tests described in this statyto determine the effectiveness of
removing eight aromatic compounds from the listpoibrity. Tests were carried out
using coke produced during wastewater treatmerto&E oven gas. The technology
research was consisted in introducing into wastemsamples taken with 30% solution
of hydrogen dioxide (50 mg/din100 mg/dr, 300 mg/dr, 600 mg/drm, 900 mg/dm,
1000 mg/dm, 2000 mg/dn). The PAHs analysis included: sample preparation,
guantitative and qualitative chromatographic deteation, it was also carried out using
gas chromatography coupled with mass spectromBi¢al concentration of PAHSs in the
effluent eight coke before oxidation was 23 pgidithe largest loss of hydrocarbons
examined, reaching 62%, was noted at the dose ofgdn? of the oxidant.

Keywords: oxidation, kD,, PAHs, GC-MS, industrial wastewater

1. INTRODUCTION

Studies, reported in the literature has shown, fimet wastewater from
processing fuels like coke or petroleum is the méstded organic
micropollutants [2,16].

The presence of PAHs in coking wastewater wereigonad in literature
reports and earlier research [9,11,12,13,15]. Bawtkz says that the content of
organic compounds expressed as oxygen consumptgnreach 1,000 mg/L.
The concentration of total nitrogen and volatilepbls may be suitably in the
range from 980 to 6500 and 260 to 3000 md/Hrh

The Directive of the European Parliament and thanCi 2008/105/EC
from the 16th of December 2008, provides enviram@equality standards for
priority substances and certain other pollutan}sif@Polish legislation it is the

" Corresponding author. E-maihwm@is.pcz.czest.pl
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ordinance of the Minister of the Environment frone t9th of November, 2011
[7]. Lists of priority substances on 8 PAH: naphém@, anthracene,
fluoranthene, benzo(a)pyrene, benzo(b)fluoranthebenzo(k)fluoranthene,
benzo(g,h,i)perylene, indeno(1,2,3-cd)pyrene.

With the above hydrocarbons, five exhibit carcintige mutagenic or
teratogenic effects that depend on the struturyesavitonmental conditions.

Toxicological studies have shown that PAHs theneshare not
carcinogenic, but only derivatives which occur ime tenvironment, or in
organisms as a result of metabolism [3]. PAH dérrea may be formed by
reaction with other components of the matrix (helwgtion, nitration,
sulfonation, alkylation, acylation). [8]. Hydrocams are also oxidation
reactions and photochemical degradation. The dweidatf hydrocarbons can
give products such as diols, quinones and aldehydefor example,
benzo(a)pyrene can be in the form of derivativashsas benzo(a)pyrene-1 ,6-
dione and benzo(a)pyrene-3,6-dione [3,6].

An advanced oxidation methods of organic pollutanrtsAOP are
increasingly being used for a treatment of indabtsiastewater. These methods
rely from the generation of hydroxyl radical, whialhows the decomposition of
organic compounds to G@nd HO. The most common agents that cause the
generation of hydroxyl radicals are hydrogen diexigermanganate, ozone, UV
radiation and ultrasound [14].

The total degradation of organic contaminants, ethusing chemicals,
can process photocatalysis (3G UV) [5]. According to the IUPAC
nomenclature, the process is referred as a phatgtatreaction of chemical
change, or initiation by radiation in the presenfe catalyst, which absorbs
light and cause chemical conversion of the compsymdsent in the sample. In
addition to chemical oxidation and ozone aboveydlibgen dioxide can be
used in Fenton's reagent and permanganate. It éas shown, that in the
Fenton reaction (B§H,0,) efficiency of the process depends from the ddse o
Fe&* and HO,, pH, reaction time and temperature, but also ftbe type of
oxidized substances and the presence of otherdanmrgnd organic compounds
[10].

The purpose of these tests described in this stwab/to: determine the
effectiveness of removing eight aromatic hydrocagbofrom the coke
wastewater.

2. MATERIALSAND METHODS

The tests were carried out using coke, produceihgluvastewater treatment of
coke oven gas. In practice, the sewage is direttied biological treatment
works. Samples of water were taken as a temponadypae-characterized, by
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determining key indicators such as COD, TOC. Waatew sample taken
initially characterized by following the determiitat of such indicators as:
COD with the American summary, TOC and N generahalyzer Multi N / C
2100, according to PN-EN 1484:1999. Concentratafns6 PAHs compounds,
including eight (Naf, Antr, FI, BaP, BbF, BkF, B&hilP) were recognized as
the original.

The technology research consisted introducing weiter samples taken
with 30% solution of hydrogen dioxide. The dosetbé& reagent was: 50
mg/dn?, 100 mg/dm, 300 mg/dm, 600 mg/drf, 900 mg/dri} 1000 mg/dr
2000 mg/dm. The samples were mixed and left in the laboratanyditions a
period of 60 minutes. After this time the PAHs watetermined and the
analysis of physico-chemical indicators in theledfit was repeated.

2.1. Analytical Methods of PAHs

PAH analysis included initial sample preparationd ashromatographic
quantitative determination. Initial stage was theéraction of organic matter
from wastewater. To 500 ml of water were added esgb: methanol,
cyclohexane, dichloromethane, at a volume rati@@b:1. Then subjected of
shaking for 60 minutes, where a constant amplituae maintaind. The extracts
were separated from the water sample by centrifmgal hen the extracts were
purified under vacuum (SPE) for the small columiied with silica gel (fill
conditioning was performed with a mixture of diddmethane and
cyclohexane, v/v 1:5, three times with 3 ml). Reediextract was concentrated
to a volume of 2 ml under a nitrogen stream. Thelfstep was to determine the
quantitative and qualitative indication, which waarried out using gas
chromatography coupled with mass spectrometer (GCQW2010 Plus
SHIMADZU). The analysis was performed on a ZB-5 lersgth of 30 m and a
diameter of 0.25 mm used as carrier gas heliumchvinas set at flow 1.08
ml/min. Injection volume was, split 1:5. Initial oven temperature was set at
140°C and maintained for 1 min. Then the tempeeaiincreased to 240°C at a
rate of 18C/min, at 4C/min. to 275C and it was ultimately increasing from
10°C/min. to 326C. The final temperature was maintained for 5 rRlaceived
chromatograms were analyzed using the SIM cardli@tige and quantitative
indications were based on external standard PAldabh at a concentration of
200 ng/cm The changes in the concentration of PAHs wererahited on the
basis of wastewater before and after oxidation. @snwere performed in
duplicate.
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3. RESULTSAND DISCUSSION

3.1 Preliminary studies

The initial stage of the study was to perform thesib signs of chemical
indicators for coke plant before and after the aiwh process. Table 1 shows
the values of the results.

Table 1. Characteristics of coke wastewater
Oxidant concentration (0,) [mg/dnT]
0 50 100 300 600 900 1000 2000
COD | mg/dni | 770 676 732 878 846 786 808 846
TOC | mg/dni | 119 113 129 150 112 104 114 128
With regard to the indicators of organic pollutasish as COD and TOC
before and after the oxidation process, we canladacthat their values have
been slightly altered. During the process of oxatatdefects observed
concentrations of the hydrocarbons, but they cagater other compounds,
because general indicators of organic pollutan@ICTOC) may remain at a
similar level.

Index unit

3.2 Quantitative changes of PAHSs

Initial concentration of 16 PAHs in coking wasteeratvas 38 mg /di The
concentration of eight main hydrocarbon was on ayer23 pg/di which
composed 60% of the total amount of 16 PAHs. Thacentration of
benzo(a)pyrene was 14% of the total concentratidit6d®AHs, and 24% of the
total amount of hydrocarbons on the of priority gmunds list. As can be seen
in the force of the Directive of the European Remént on environmental
guality standards for priority substances, downémhdoke wastewater does not
meet the conditions for entry into the water arguie a clean [4].

Introduction of the oxidant into the wastewater dn amount of 50
mg/dn? caused significant changes in the removal of tfeyaed hydrocarbons
(8 PAH - 62%). If, however, the amount of hydrogiioxide was 100, 900,
1000 mg/dri the 16 PAH removal was recorded at a level fro®h 2t 24%,
and eight hydrocarbons at - 22%. Larger percentadections were achieved
by adding an oxidant PAHs in an amount of 300 md/dnd 2000 mg/df
Then the percentage removal of 16 PAHs and 8PAH® wespectively 60%
and 57% , 47% and 43%. Analyzed changes in the ettration of
hydrocarbons in coking wastewater depending ordtse of oxidant is shown
in Figure 1.
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In the process of oxidation, the wastewater pioathe parent compounds
in the hydrocarbon group of eight, were: fluorameccounted for 31% (7.0
pg/dnt) ,benzo(a)pyrene constituting 24% (5.4 ugidrdsing suitable amounts
of oxidant, the first one (Fig I) remained at 1828%, and benzo(a)pyrene was
vairy from 23% to 30%. During the research procele, percentage of the
remaining compounds in the mixture did not go urgignificant changes . The
percentage of specific hydrocarbons are shown bieT2, assuming 8 PAH as
100%.

The highest tested concentration of PAHs lossethéosum of eight
hydrocarbons were obtained using hydrogen dioxidleam amount of 50
mg/dni. Then, the efficiency of removal benzo(a)pyrenes waspectively of
61% and the final concentration of the hydrocarbishnot exceed 2.1 pg/dm
The highest 68% reduction was observed in the abfieoranthene ( table 2).

Table 2. The percentage and the percentage of mrmbPAHs

Concentration of kD, [mg/dnT]
PAHs 0 50 100 | 300 | 600 | 900 1000 | 2000
Naf 30 | 40| 22| 30| 20 32 3.4 4.8
S Antr 30 | 30| 3.2| 23| 3.0/ 32 3.8 3.8
g Fl 31 26 29 18 23 26 27 25
g B(a)P 24 25 26 30 29 23 26 26,7
] B(b)F 14 14 15 16 15 14 14 13.6
E B(K)F 10 11 9.2 | 10 9.0/ 10.2 8.6 7.5
1(1,2,3,c,d)P 80| 9.0/ 82 11 10 10.2 8.6 9.8
B(g,h,i)P 70| 80| 7.2 9.7] 9.0 10.2 8.6 9.8
X Naf 0 57 51 65 8.0 | 20 16 14
§ Antr 0 67 33 72 - 24 10 32
g Fl 0 68 26 74 - 30 29 53
o B(a)P 0 61 13 44 - 22 11 37
I= B(b)F 0 64 18 52 - 21 21 45
g B(K)F 0 |59 |30 |56 |- |17 | 30 | 56
& 1(1,2,3,c,d)P 0 58 22 39 - - 11 28
Bgh)P |0 |5 |20 |38 |- |- - 13

Amount of the eight PAHSs, five of them have eithearcinogenic,
mutagenic or teratogenic (BaP, BbF, BkF, B(g,h,ilB,properties. The content
of these compounds in the wastewater before oxidatvas 14 pg/dm
representing 61% of 8 PAHSs. Introduction of thedaxit into the wastewater in
an amount of 600 mg/dhdid not result in any changes of the removal these
compounds. If, however, the amount of hydrogenidimxvas 100 mg/dimn 900
mg/dn? or 1000 mg/drhfive PAHs removal was recorded in the range frén 7
to 14%. A greater percentage reduction was achibyeatlding an oxidant in an
amount of 300 mg/dfrand 2000 mg/dfn Then the final concentration was 7.6
pg/dnt and 8.8 pg/di however the percentge PAHs removal rates reached
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46% and 37%. The highest (59%) loss of the comp®was achieved at a dose
of 50 mgHO,/dm?, where the final concentration was 5.7 pgldm

The use of an oxidant in doses 600, 900, 1000 nig&inot significantly
reduced concentrations of the individual PAHs. @gkiwastewater is rich
organic material. In addition to the 8 analyzedypgtlic aromatic hydrocarbons
during oxidation derivatives may be formed. The ofkan oxidant in an amount
of 50 mg/dm resulted in a reduction of 8 PAH in 62%. As theoant to be
donated dihydrogen dioxide process to go with allsmiss. This may be due
to the transformation of complex aromatic hydroocady compounds of the
complex structure. Preliminary identification of temindicated the presence of
coke indeno(2,1-c)pyridine, and dibenzopyrolundeno(l,2-b)pyridine.
Unequivocal evidence of their presence requirethéurresearch and detailed
interpretation received chromatograpm.

4. CONCLUSIONS

Based on the study, the following conclusions cawaldawn:

— High values of COD and TOC confirmed, that coketesaater was highly
loaded with organic compounds.

- The combined concentration of 8 PAHs in wastewebée was 23 pg/din
with carcinogenic compounds accounted for 61% (4int).

— The percentage of the compounds in the mixturendidjo under
significant changes during the testing process.

— The total amount of the eight PAHs removal efficigwas the highest
(62%) when hydrogen dioxide was used at dose ofgig,0,/dnT

- The effectiveness of removal PAHs from wastewatter ¢he 50 mg/drh
dihydrogen dioxide was: naphthalene - 57%, anthm@aec&7%,
fluoranthene - 68%, benzo(a)pyrene - 61%, benZo@rdnthene - 64%;
benzo(k)fluoranthene - 59%, indeno(1,2,3,c,d)pyrebs@do,
benzo(g,h,i)perylene - 55%.

The research was funded by the project No. BS/MRF3MG/12,
BS/PB-402-301/11
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USUWANIE PRIORYTETOWYCH WWA ZESCIEKOW KOKSOWNICZYCH
Streszczenie

Celem bada opisanych w pracy bylo okilenie skuteczni@i usuwania zesciekéw
koksowniczych émiu weglowodoréw aromatycznych z listy zygkdéw priorytetowych.
Badania technologiczne polegaty na wprowadzeniu pdbranych probeksciekéw
przyjetych ilosci 30% roztworu ditlenku wodoru (50 mg/dni00 mg/dm, 300 mg/dr,
600 mg/dm, 900 mg/dr, 1000 mg/drfy 2000 mg/dr). Analiza WWA obejmowata
przygotowanie probek oraz #iciowe i jakdciowe oznaczenie chromatograficzne, ktére
prowadzono z wykorzystaniem chromatografu gazoveggazonego ze spektrometrem
masowym. Sumaryczne egenie émiu WWA w sciekach koksowniczych przed
procesem utleniania wynosito 23 pgftifajwickszy ubytek badanychaglowodoréw,
siegajacy 62%, odnotowano przy dawce utleniacza wyaosz50 mg/drit
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