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SELECTED MODELSFOR THE DESCRIPTION OF THE

KINEMATICS OF CHANGESOF HEIGHT DIFFERENCES

BETWEEN POINTSIN A GEODESIC NETWORK UNDER
THE INFLUENCE OF MINING

Maria MROWCZYNSKA"
University of Zielona Gora, Faculty of Civil and Hronmental Engineering,
Institute of Building Engineering
Szafrana st 1, 65-516 Zielona Géra, Poland

The article attempts to describe the progress déromtion of the surface of the

Legnica-Gtogéw Copper Mining Area in the years 1:28D8. The state of deformation

has been described with kinematical models of fhplacement of points representing
the area under research. It has been analysed evhbgire are possibilities of using a
counter-propagation algorithm for estimating displ@ents of selected points for which
an assumption has been made that during the réstreag were damaged or destroyed.
The numerical procedures of the estimation of patars of displacement models were
carried out by means of traditional optimisatiortimoels and neural networks.

Keywords: neural networks, reference system, mofieértical displacements.

1. INTRODUCTION

Geodesic measurements of deformations and disptatsnof objects make it
possible to precisely represent their geometricahdiion in real spatial
dimensions and to predict changes of that conditidime. Results of geodesic
measurements are particularly important for researcthe influence of mining
on an orogenic belt and the surface of terrain.désic controlling consists in
determining the dynamism of the phenomenon of teglacement of controlled
points which are stabilised in the research aréarevthere are processes caused
by a change in soil-water conditions or the disptaent of land masses, which
happens in the case of areas and objects damagauhing.

YCorresponding author. E-mait.mrowczynska@ib.uz.zgora.pl
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Apart from adequate measurement equipment geodesitolling also
requires the use of correct methods of processnaglts of experiment data in
order to correctly estimate displacements. Estmgaossible displacements
consists in selecting points with important displaents and points maintaining
stability during measurements [8]. Defining a refare system determined at
points which satisfy the criterion of stability enmters difficulties in the case of
the occurrence of deformations over a large areause of the influence of
unavoidable measurements errors on results of merasuts of displacements
of points remaining at considerable distances foom another.

2. KINEMATICAL DISPLACEMENT MODELS

The process of deformation of the surface of teriaithe Legnica — Glogow
Copper Mining Are has been presented by means métibnal models of
kinematical networks, expressed in a general fam a

H(x,t)=L(t) (1)
where:
H(x,t) - component of a vector function expressing changeheight
differences between the poir(, j) at the momert,
X = [ai ] OR" - vector of parameters,
L(t)=[1,t] 0R™ - observation vector,
t - real variable (time),
R" - space of parameters,
R™ - space of measureme(m>n).

Replacing a discrete set of observations of chanfé®ight differences
in a scalar form with time functions, we will ansdy displacements obtained
from two non-linear tendencies including time ie form [6]:

Hl(X,t)=O’1+O'2t+0’3t2 (2)

Ho(x,t)= oy +a, exp(- ast) (3)

The first of the abovementioned models is a limeadel, and the second,
which has an exponential form, is a non-linear nhofiethis point it should be
added that during the research topological progertf a geodesic network
(defects, redundancy) together with the eliminabbraberrant observations by
means of a Huber function were included in eactnefabovementioned models
being a basis for synthetic characteristics ofdisplacements observed.
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A basic problem in the process of determining dispments and
analysing deformations is the problem of estimatinget of reference
points which remain stable in terms of a randomlugrice of
measurement errors in the time interval of theasde Bearing in mind
an empirical evaluation of such points, a referemsgstem is an
insignificantly flexible system, which in this papeas defined in two
stages, namely [2]:

- stage | — on the basis of the minimisation of thm ©f component modules
of a vector of displacements obtained from equidisawith minimum
restrictions on rates of freedom,

- stage Il — on the basis of a criterion of an in@atrof the square of the norm
of the vector of corrections to the observations.

Most optimisation tasks are non-linear tasks, thlateon of which
for research purposes requires iterative methodémost all the cases. A
numerical solution to the task of a kinematicalwak consists in
identifying parameters of a kinematical model of ogetrical
components of the network which have been obsem&pgroximation
procedures used in this case include a requirefoeatminimum sum of
the squares of corrections to the observationsultheg from the
minimisation of the objective function

o . .2
ZVZ =E(x)= [A” (a' Ja) ,t)—Ah” (t)] (4)
in (i,j)on
where:
Al (a',aJ ,t):Ah‘(a'J ,t)—Ah' (a',t) - component of a vector of non-
linear functions which expresses a change in haigférences between
the points(i, j) in the timet,
n - set of points(i,j), for which the height differenceAh! were
measured in the tirrt.
sz - square of the norm of the vector of corrections.

For a discretionary set of observations, the soutd the task of
identifying, by means of approximation, parametershe kinematical
model (2) of changes in height differences obsersetkfined by a set of
observation equations written in the form of vestas

F[X(a,t)] = Ah(a,t) + v(a,t) (5)
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Because of a linear character of the task of nuttial approximation of
parameters with the use of the method of the kqstres, a linearized system of
equations of corrections assumes the form

AAX—Ah =v (6)
where:

sl

Xo - approximate value of the coordinates of the mect parameters.
From the solution of the system of normal equations

ATAAX = ATAR (8)

we will obtain:

estimator x of the vector of parametersx with accuracy
characteristics,

coordinates of the vector of correcticvs

2.V
m-n '

- m-n - number of rates of freedom of the observation.

A task of identifying parameters of kinematical ratsdcan be solved by
means of neural networks, which in a number of iapfpbns play the part of a
general approximator of functions of several vddab In the process of
estimating parameters of the models in questioopimising neural network of
a circumferential structure was used (fig. 1), vahweorking as a one direction
and recurrent network, solved the system of limgprations (6) [1, 7].

The solution of the system (6) by means of a grad@ptimisation
method, with the imposition of a condition of tleast squares on the vector of
corrections, leads to the solution of the systemifférential equations [3]

dx

a = —qDE(x) = —/7AT (AX - Ah) 9)

scaling parametemg =

where:
n - learning ratio of the neural network assuminguea from the range

n0(01),
DE(x) - vector of the objective function (energy funai¢4).
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|
1

Fig. 1. Optimising a neural network of a circumfatial structure [7]

The model of a kinematical network in an exponérfeam (3) is an

implicit function which contains the transcendenfahction y=e*. The

solution of transcendental equations can be actlidye means of numerical
iterative methods, because their solution can motekpressed by means of

infinitesimal functions. In order to determine tlestimators @; and the
parametersa; (i = 123) we will use a mean square solution, which will be

obtained from the minimisation of the objective d¢tian (4). The numerical

realisation of the process of estimation of paransebf the model was carried
out sequentially by means of division into a linead a non-linear model. The
algorithm consists of two subsequent iterative aflgms [2]:

- estimation of the parametea,a, OR?" of the linear model (for
a3 = const, i.e. dy,d, = ay,a5(a3)),

- estimation of the parametea; OR" of the non-linear model (for
., a, =const, i.e. E(ay,a,(a3).a3)).

This course of action reduces the scope of themmsaition and increases
the effectiveness and reliability of the determimatof a real minimum of the
objective function.
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In the first case foaz = const, from a formal point of view, the values of
parameters estimattaq,a, can be obtained by means one of methods of linear
algebra, and the non-linear estimaaswill be obtained e.g. by means of the

procedure of the greatest fall with the use of lyamial spline function of the
second degree, used for the approximation of aactifeg function in a specific
section and the determination of a gradient vector.

3. COUNTER-PROPAGATION NEURAL NETWORK

Among a number of types of neural networks, salfoising networks play an
important role, the advantage of which is the gbiid classify an input vector
disturbed with noise and other disturbances. A-@ajhnising neural network,

which shows the ability to represent the functy; = f(x )+& z R" as R™

(& - the influence of the distortion of the coordiemtof the vectox), is a
counter-propagation network described by Hecht eldén [4, 5] (fig. 2).
Algorithms using this network have good abilitiedgarn a representation of the
vector-vector type. The network has the abilityhetero and auto association
(approximation in both directions), and as a cfassiit gives a favourable
answer even if the input vector is not complete.

warstwa warstwa
Kohonena Grossberga
w, l Vi

Fig. 2. Simplified structure of a Hecht — Nielsezural network

It results from fig. 2 that the network consiststwb layers: a Kohonen
layer and a Grossberg layer, with a different numdfeneurons in particular
layers. The operation of a Hecht — Nielsen netwzak be divided into two
modes:

- the replication mode, in which we apply the ve(x»at the input, and

at the output we obtain the vecy,
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- the learning mode, in which the vectx is accompanied by the
assigned valued of the vectoly , and values of the vectors of weights
w andv , which will make it possible to represent Wieetor x as the
vectord, are searched for.
The operation of the Kohonen layer takes placehm learning mode
without supervision and requires an initial normsation of the input vectcx
according to the dependence

X =
(10)
Neurons in this layer generate the weighed sunigobss
n
net = > w;X; (11)
j=1

and achieve a particular rate of activation. A neuwith the highesnet value,

which is assigned a state equal 1, wins the cotigetand the state of the other
vectors equals 0. In consequence of the competition a particular neuron
updates its weights according to the relation

w; (t+1) = w; (t) +’7|.Xij ~ W ] (12)

wheret andt +1 denote subsequent learning cycles, n1ik a learning ratio
from the rang¢(07) .

At the second stage of the operation of the HecNtelsen network, the
Grossberg layer is trained in a supervised learnimgde. For each pair
(1, Y1 )r-.,(Xm» Ym) only one neuron from the Kohonen layer is actiamd

weights coming from it are updated according torthe

Vi (t +2) = vi () + i =i (£)] (13)
where y is a learning ratio, usually a very small one, ahhstill decreases as
learning progresses. As a result of the operatiothe algorithm the values of
weights vy, change in the direction of the ansvy; = v, , corresponding to the
value assignetd;. In this case the network works as an approximafathe
function ¥ = f(x), which is a copy of the relaticy = f (x). The mean error of

the approximation for a single vector, with the umsption of an even
distribution of probability of the components oéthectory , is [3]
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m
m=2-2) v} (14)
i=1
In the replication mode the network, which belohgghe class of auto-
associating networks, plays the role of a functibthe reciprocal association of
vectors. This is so, because when we put the comiel of the input vectx;

in the place of the values assigrd;] we will obtain a vectox in the form of a

vector of weightsv . If the vectorx is an incomplete vector, then the algorithm
accepts this state of affairs and generates a edenphswer as a representation
of a particular interpolation function. This chaeatstic of the algorithm was
used by the authoress to determine in the netwodemuresearch the values of
displacements of points which were assumed to baea destroyed during the
measurements.

4. NUMERICAL EXAMPLE

In order to determine displacements of measurerpenits located in the

Legnica — Glogbw Copper Mining Area results of fiveasurement campaigns
from the years 1967-2008 were analysed. The cludicampaigns resulted from
the possibility of the widest representation inrterof observations carried out.
In the area under discussion of about 75000 hand&surement points were
located, connected with one another with 125 oladiEms. A diagram of a

measurement control network has been presentégld f

@ i’oints, the displacements' of which were dete?mineﬂ by means of a counter-' propagation algorithm '
Fig. 3. Diagram of a measurement control network
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As a result of the calculations in a linear and-lioear aspect values of
vertical displacements of measurement points wetaimed for a pre-defined
reference system. The estimation of parameteraaf ef the two models under
analysis was carried out by means of two optinesatlgorithms. In order to
solve the task of identification of parametersha kinematical models (2) and
(3) by means of approximation a neural network wased (fig.1), and the
procedure of the least squares was used as a secetiibd of estimating
parameters of the model (2). Parameters of the m@jewere estimated by
means of a hybrid method with a division into se#in and a non-linear model
with the use of the method of the greatest fall.

Characteristics of the accuracy of the abovemeatilomethods of
representation of functional models in the formaofmean approximation error
are as follows:

1. linear model (2):
- neural networlmg = 14mm

- method of the least squaimg = 1L4mm

2. non-linear model (3):

- neural networi Mo = 20mm

_ hybrid methoc Mo = 19mm
In time intervals of the research the displacenvahties determined are
between +84,5 mm to -3851,3 mm, and the maximuradspé displacements is
on the level of 88 mm/year. The displacements with line of steady fall and
speed including the range of maximum values haes fikistrated respectively
in fig.4 and 5.
Y

5625000.001

2
2

5620000.001

S
5615000.00+ °©
5610000.00] . s
N =

3645000.00  3655000.00  3665000.00  3675000.00  3685000.00
Y [m]

X [m]

Fig. 4. Kinematical displacement model obtainedtier period of time 1967 — 2008
with the line of the greatest fall
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5625000.000 )
\/\.09> fogéow
d)
5620000.00] Q ? o
(‘ o
o
'g <]
< 5615000.00
/ ‘7(200
0 ¢ d GO
QQ S
5610000.001 X / g ® 7 O o
3645000.00 3655000.00 3665000.00 3675000.00 3685000.00
Y [m]

Fig. 5. Speed of displacements of controlled pdimtem/year with the line of the
greatest displacement speeds

In the case of an incomplete data set (damage struddon of
measurement points), a Hecht — Nielsen neural mktwased on counter-
propagation can be used to generate a relativeigaovector of displacements.
A result of the use of a counter-propagation atborihas been presented for
one of the measurement sequences of 12 points,thdtlassumption that as a
result of damage or destruction 5 points were utabla for measurement in the
years 2004 — 2008. The mean error of the approiomatalculated from the
formula (14), for the measurement period 1967 -42@@s 0,37, and for the
measurement period 1967 — 2008 - 0,74. Particuldmes of displacements
obtained from the measurement for the model (2)rapdoduced by means of
the counter-propagation algorithm have been predennh table 1, and
represented graphically in fig.6 and fig. 7.

Table 1. Values of displacements obtained by meétige counter-propagation
algorithm

Displacements obtained from measurements in Displacements
Point particular measurement periods [mm] reproduced [mm]
number
1967- 1967- 1967- 1967- 1967- 1967-
1998 2000 2004 2008 2004 2008
13 -0,87 -1,45 -1,76 -2,34 -1,61 -2,28
15 -10,14 -12,08 -14,24 -16,08 -14,04 -16,22
40 -7,24 -8,94 -12,08 -15,26 -11,48 -13,5
86 -9,78 -11,84 -14,23 -16,17 -14,2¢ -16,08
100 -0,95 -1,15 -1,12 -1,10 -1,34 -1,46
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point number

o & & N O

-10 4
-12 4
-14 4
-16 4

vertical displacements [mm]

-18

-20

‘—0— 1967-1998 — —@— — 1967-2000 — - A— - 1967-2004 —>—— 1967-2008 ‘

Fig. 6. Vertical displacements of measurement [mm]

While comparing the values of displacements obthirfeom the
measurement with the displacements reproduced bgnsnef the Hecht —
Nielsen network, it is possible to notice that grmallest differences can be
found in the case of points 13 and 86, for whiclhuea of the speed of
displacements within the whole measurement periedsmall. The greatest
difference - 1,69 mm occurs at point No. 40. Tlitigagion is most likely caused
by a considerable speed of settlement of this poitite years 2004 and 2008, in
comparison to the speed of displacements obtaméukiprevious years (cf. fig.
6).

The values of vertical displacements reproducedsédected controlled
points by means of the method of counter — propagdtave been presented
graphically in fig. 7.

point number
0 .

2 I ©w g
‘ /
S\ /

1 N\ . //

.14 |

vertical displacements [mm]

-16

-18 —&— 1967-2004 measurements —8— 1967-2004 reproduced
—d— 1967-2008 measurements —<— 1967-2008 reproduced

Fig. 7. Values of displacements of points No. 138,40, 86, 100 for the periods of time
1967 — 2004 and 1967 — 2008 reproduced by mearsuotter propagation
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Prediction of values of displacements by one steptlie measurement
period 1967 — 2010 has been presented graphicaflg.B. It should be noticed
that values of displacements determined on thesbafsan exponential curve
increased at the most by 92 mm for péimharked in fig. 8.

5625000 O

5620000 /ﬁ o % -
'g‘ o
> 5615000 = -
X -ggoo v
5610000 B N © -
P o
T T T T T T T T T T

3645000 3655000 3665000 3675000 3685000
Y [m]

Fig 8. Prediction of displacements for the areagunliscussion in the year 2010

5. CONCLUSIONS

Values of vertical displacements of measuremenhtpoiocated in an area
influenced by mining presented in the paper makeassible to say that
displacements obtained by means of kinematical mpdbhe parameters of
which were estimated by means of a neural networka differ in terms of
guality from displacements obtained by means ofliial methods of
optimisation. By means of a counter — propagatiearal network it is possible
to reproduce, with a particular level of approximat displacements of points
which were damaged or destroyed during the measmsmHowever, it is
necessary to notice that the speed of changesroagumfluences the accuracy
of displacements reproduced. If the speed is stelaiyg the whole time of
measurements, then the accuracy of the reproducfiaisplacements is much
higher than in the case of rapid accelerationsi®fsettiement process. Research
into vertical displacements of the surface of ter@used by mining, together
with exogenous factors, justifies the adoption afn+#inear models of
movement, because the cause and effect relationdiépveen reactions of
variables occurring in nature are non linear retethips.
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WYBRANE MODELE OPISU KINEMATYKI SIECI GEODEZYJNEJ
WYSOKOSCIOWEJ POD WPLYWEM EKSPLOATACJI GORNICZEJ

Streszczenie

W tresci artykutu podgto préke opisu przebiegu deformacji powierzchni terenu absz
Legnicko — Glogowskiego Okgu Miedziowego w latach 1967 — 2008. Stan deformacj
zostat opisany modelami kinematycznymi przemieszcpenktéw reprezentagych
badany obszar. Przeprowadzono rozavéa dotyczce maliwosci wykorzystania
algorytmu kontrpropagacji do oszacowania przemeszavybranych punktéw, dla
ktérych przygto zalaenie, ze w trakcie prowadzonych badapunkty zostaty
uszkodzone 41z zniszczone. Procedury numeryczne estymacji parametnodeli
przemieszcae realizowano za pomactradycyjnych metod optymalizacji i sieci
neuronowych.
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TRANSFORMATIONS OF ORGANIC COMPOUNDS
IN THE OPEN INTERCEPTING SEWER

Sylwia MYSZOGRAY", Zofia SADECKA,
Monika SUCHOWSKA-KISIELEWICZ,

Ewelina PLUCIENNIK-KOROPCZUK, Omar QTEISHAT
'University of Zielona Géra, Faculty of Civil and @ronmental Engineering,
Institute of Environmental Engineering

Szafrana st 15, 65-516 Zielona Gora, Poland
“Al-Balqua’ Applied University, Zarka University Gegje, Jordania

The paper presents results of studies concernmglésignation of COD fraction in the
raw wastewater. The test object was open intemgpsewer of Zielona Gora.
Methodology for determining the COD fraction wassé&@ on the guidelines
ATV- A 131. The real concentration of fractionsraw wastewater and the percentage
of each fraction in total COD are different fromtalaeported in the literature. The
processes occurring in an open interceptor areiafienced by external factors. The
most important of them are the ambient temperatmek the extent of solar exposure.
The changing temperature influences solubility ofygen and activity of micro-
organisms. Open space and cascade arrangementeofntdrceptor decrease the
probability of oxygen-free environment. In this eathe dominating significance in the
decomposition of organic compounds is to be asdribexygen processes.

Keywords: biochemical process, dissolved oxygenp@@ction, open
intercepting sewer, cascade

1. INTRODUCTION

The main function of a sewerage system is receti@hchannelling of sewage
to a wastewater treatment plant (WWTP), or a regeiCurrently, more and
more frequently, a sewerage systems is analys#éteimontext of biochemical
processes which take place therein. A sewer whachies sewage to WWTP can
be treated as a flow sewage receiver, and it caasbemed that this is where
transformations the basis of which are self-puatiien processes, occurring in

DCorresponding author. E-mafl:myszograj@iis.uz.zgora.pl
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rivers, take place. Changes in the compositioreafesage in sewage system can
significantly influence operation of treatment pgkarand receivers of treated
sewage.

Hydrolysis of organic compounds, increase in bi@na®f
microorganisms, alterations in fractions of orgamsigbstance, as well as
sedimentation of suspended matters are processieh wdke place during
transport of sewage through a sewage system, arch vdirectly influence
quality of the sewage incoming to the treatmenhfpl@ihese processes occur in
water environment, in deposits, bacterial jelly @thform on the inside walls of
a sewer, and their intensity depends, among o#iworfs, on the type and length
of the sewage system. The processes occurring vilerseare presented in
Fig. 1 [1,4].
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Fig. 1.Microbiological transformations of organic composrnd sewage system, in
aerobic/anaerobic processes

Due to high concentration of pollutions, biocherhichanges proceed
slowly, and the result of treatment of sewage dyrits transport will be
determined by intensifying interference of humarec@mposition of organic
compounds occurs the most intensively in oxygenirenment, between the
layer of bottoms and the flowing sewage. These g@ees cause significant
decrease in sewage contamination. Both at the laellevel, and at the
ecosystem level, the processes of transforming nazgaubstrates require
hydrolysis of insoluble organic polymers into sdkuldforms, available for
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microorganisms. Part of the pollutants undergoctiireiochemical oxidation
into carbon dioxide and water, while the remainfiragtion is assimilated in the
form of increase in the living mass of the micraorgms [2,3].

Sewage transported via the sewage system contaiousagroups of
microorganisms, the development of which dependspmtific environmental
conditions. Living organisms which dwell in thettens often manifest high
metabolic activity, participating in the process lmbdegradation of various
organic contaminations contained not only in thpasés, but also in the sewage
which flows through the system.

Chemical and biological processes in the interogptsewers can
significantly influence the composition of the sewa particularly during
rainless stretches. In an anaerobic processesimaxtincrease in concentration
of sulphur compounds, transformations of organicttenainto easily-
biodegradable substrates, which are a notable dlaséfective denitrification
and biological dephosphatation, gain crucial imgoce. Whereas in oxygen
processes, concentration of biodegradable fractia@rganic biomass decreases,
and heterotrophic biomass which can be effectivetgoved in the mechanical
section of a treatment plant, increases [4].

The application of modern technologies requiresdhgh identification
of the composition of substrates present in sewagjepmpared to data obtained
with conventional pollution indicators (CO)-BOD:s) [5,6]. One of the most
significant achievements in sewage technology isDCftactioning, which
makes it possible to isolate fractions dependinghensize of molecules and
their responsiveness to biochemical decomposifigB].[ Determination of COD
fractions furnishes a detailed characteristic @fegge composition, but primarily
makes it possible to determine the amount of omgaantaminants, both easily
and poorly degradable [9].

Changes in the physical-chemical characteristicsesfage in a sewage
system are presented on the basis of studying an epwer which channels
sewage from Zielona Gora (Poland) to a wastewegatrhent plant in Lezyca.

2. MATERIAL AND METHODS

2.1. Open sewage channel to WWTP in Lezyca

Zielona Gora (Poland) hddl8 221linhabitantsBranches of the industrial sector
typical for the city aretextile industry (wool, ornamental fabric, sheeifiing),
production of means of transport (freight cars)pdfoindustry (distilling,
winemaking, dairy, meat, brewery), precision indgdurniture industry.

The central sewage treatment plant for Zielona @situated about 7km
north of the city, and west of the Lezyca village.

The treatment plant of flow capacity51.225 n¥d has been designed
for mechanical-biological sewage treatment, witbldaical dephosphatation,
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denitrification and nitrification, as well as cheml precipitation of the
remaining phosphorus.

The sewage are channelled to the wastewater treqptant via an open
sewer. The course of the open sewer runs outsideitthborders (Fig. 2).

x Wﬁm GORA

Fig. 2. Plan of Zielona Gora, with marking of theea sewer which carries
raw sewage to WWTP

The length of the open sewer is 4850 m. Due toifgignt altitude
difference between the start and the end of thesdtihas been partitioned with
cascades, which form six sections: first - 700 mglasecond - 258 m, third -
742 m, fourth - 500 m, fifth - 1000 m, sixth - 1650 The stilling basius
constructions form five storage reservoirs, wittateapacity of 84 000 in

The average sewage flow rate for the entire sesv@r9 m/s (for rainless
periods), whereas the average time of sewage fioough the open channel is
1,5h. During intensive rainfall, the rate incretsabout 2,0 m/s.
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2.2.  Analytical methods

Analysis of physical-chemical composition of thevage collected from the
open sewer which channels sewage from Zielona Goraeatment plant in
Lezyca was carried out five times.

Sewage sampling was planned in a period precediédseiveral rainless
days. The ambient temperature changed as follows:
Series 1 — ambient temperature°C7 sunny
Series 2 — ambient temperature@) heavy clouds
Series 3 — ambient temperature’@) heavy clouds
Series 4 — ambient temperature®C2 partly cloudy
Series 5 — ambient temperature®Cs partly cloudy

In each series of the study, 7 samples of sewage taken from the open
sewer: first sample at the beginning of the opemesesamples 2, 3, 4, 5, 6
directly after subsequent cascades, whereas thedample 7 was taken at the
end of the open sewer (Fig. 3).

LI“L v sk ! ."r e | ] % iy -
Fig. 3. View of the open sewer which channels senadVWTP in Lezyca
a) beginning of the open sewer - measuring pQib) Ineasuring point 2,
¢) measuring point 3, d) end of the open sewerasmeéng point 7
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The following parameters were marked in the sewagenples:
concentration of dissolved oxygen (DO), Chemicalygen Demand (COD),
Biochemical Oxygen Demand (B@D The analyses were made of the method
applicable in Poland.

In every series, collection of sewage from thet fireasuring point was
made at 09.00. The next samples were taken aftémex which takes into
account the speed of sewage in the channel. Coatentof dissolved oxygen,
pH and sewage temperature were measured diredthg imtercepting sewer.

On the basis of the designated values BCGdhd COD, organic
compounds were divided into suspension and disddhaetions, as well as into
easily and slowly biologically degradable. COD bé tsewage, with division
into fractions, can be calculated in a simplifiedrer in accordance with the
following dependence [6]:

COD=3+3+Xs+ X @

Ss- COD of dissolved organically compounds, easitydeigradable,
Ss- COD of dissolved organically compounds, non-bgrdeable,
Xs- COD of organic suspensions, slowly-degradable,

X, - COD of organic suspensions, non-degradable.

The methodology of determining the COD fraction wlaseloped on the
basis of guidelines ATV-131 [Commentary on ATV -3 2000].
It should be stressed that assessment of the vafu@stamination indexes and
COD fraction for samples of sewage taken direatiyrf the intercepting sewer
is a difficult and subjective assessment, dependimgumerous external factors
related to sampling, daytime, day of the week (eneess of water
consumption), and for complete orientation and canmspn, it requires a lot of
results from each point.

3. RESULTS

On the basis of the performed measurements of ldesb@xygen concentration
(Fig. 4), directly past each cascade, it has beand that it gradually increases
between the start of the open interceptor and tie &") cascade.

In sewage transported through the sewer betweebi"tbascade to theé"7
measuring point (longest distances between casgat@¥centration of DO is
lower.
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Fig. 4. Changes of DO in the sewage in 5 series

Changes of COD and BQIn the sewage in open intercepting sewer are
presented graphically in Fig. 5.
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Fig. 5. Changes in COD and B@ID the sewage at measuring points (5 series)

and standard deviation of average values

The average (specified on the basis of 5 measutsinealue of total
COD in the sewage at sections of the open interggewer (measured at
points 1 to 7) changed from 674 to 544 g’ between point 1 and 6, to
reach the value of 577 mg@nT at the end of the interceptor. The amount of
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organic compounds in the sewage expressed as avB@D; ranged between
181 and 150 mg@dn?.

Average values of COD fraction in the sewage assgbent measuring
points is shown in Table 1. Share of the inerttfeacCOD (X + §) (Fig. 6.)
changed from 13 to 20%, and biodegradable subsigficeé <) in the sewage
was between 80 and 87%.

The amount of dissolved biodegradable substangedaftom 30 to 35%.
Share of dissolved fraction{$ ) in CODy varied from 31 to 39%, whereas
the share of the suspension fractiog £XX;) — from 64 to 71%.

Table 1. Average values of COD fraction in the sgavat subsequent measuring points

COD measuring point
r:;é:}gg? 1 2 3 4 5 6 7
S 235 185 191 191 194 160 179
S 2 9 1 5 4 3 9
Xi 67 90 79 94 93 85 91
Xs 370 351 291 254 256 315 298
Sum 674 635 562 544 547 563 577

X
g B Ss
S uSi
s o Xi
5 O Xs
[s
©

1 2 3 4 5 6 7
measuring point

Fig. 6. Average values of COD fraction in the seevagsubsequent measuring points
[divided into fractions in %]

Analysis of the obtained values of individual COfadtions, depending
on the point of collecting the sample, demonstréateat comparable results were
achieved for all five series. It was also foundt tregardless of the COD and
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BODs values in raw sewage channelled via open sewestriliition of
individual COD fractions in all the series was veimilar.

The presented research results demonstrate thiagdwansportation of
sewage through an open sewer, changes in the cdiopdbereof take place.
Significant differences were found for COD and BQiDthe sewage.

During the research period, the highest extenteafehse in the sewage COD
value within the channel was 35%, and for BG{B3%.

4. CONCLUSION

The processes occurring in an open interceptolindigenced by internal and
external factors. The most important are the anili@mperature and the extent
of solar exposure. The changing temperature infleersolubility of oxygen and
activity of micro-organisms. Open space and cascaglangement of the
interceptor decrease the probability of oxygen-geeironment. In this case, the
dominating significance in the decomposition of amig compounds is to be
ascribed to oxygen processes.

The sewage treatment processes begin already isether and they can
positively influence operation of the treatmentnpldt should be remembered
that the conditions of sewage flow are changeatid, modelling of changes as
well as effective use of an open interceptor asido@ical reactor require
further, detailed research.
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PRZEMIANY ZWIAZKOW ORGANICZNYCH W OTWARTYM
KANALE SCIEKOWYM

Streszczenie

Gléwnym zadaniem sieci kanalizacyjnych jest odhiéodprowadzeniesciekow do
oczyszczalni lub odbiornika. Obecnie corazsciej si€ kanalizacyjna jest analizowana
w aspekcie zachodeych w niej proceséw biochemicznych. Kanat doproazeguty
scieki do oczyszczalni mima potraktowa jak przeptywowy odbiorniksciekéw i
przyja¢, ze zachodg w nim przemiany, ktérych podstavea procesy samooczyszczania
zachodace w rzekach. Zmiany w skladzieiekéw w kanalizacji magw istotny sposéb
wplywat na prag oczyszczalni i odbiornikciekdédw oczyszczonych.

W artykule przedstawiono wyniki baflazmian charakterystykisciekdw
surowych doptywajcych do oczyszczalriciekéw kanatlem otwartym. Ustalonze na
procesy zachodze w kolektorze otwartym znagzy wptyw maj czynniki zewrtrzne.
Najwazniejszym z nich jest temperatura otoczenia i stopieastonecznienia.
Temperaturasciekbw wplywa na rozpuszczal§io tlenu w $ciekach i aktywnéc
mikroorganizméw. System kaskadowego przephdeiekéw w kolektorze zmniejsza
prawdopodobigstwo wysipienia warunkéw beztlenowych.
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PEAKING FACTORS OF DRY WEATHER FLOWS IN
GLOGOW COMBINED SEWAGE SYSTEM
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University of Zielona Géra, Faculty of Civil and Eronmental Engineering,
Institute of Environmental Engineering
Szafrana st 15, 65-516 Zielona Goéra, Poland

This paper presents the results of dry weatherréitevstudies in inflow and outflow
channels of overflow structure PB-1. The facilgylacated in P.Skargi Street in Gtogow.
Based on the results the average daily peakingrfaftdry weather sewage outflow was
estimated. Low efficiency of the algorithm allowsetestimation of the flow when depth
of the channel is less then 20 cm and when it tspogsible to perform measurements
with the ultrasound probe. Pointed to inadequatenstruction of cross-sectional shape
of the channel during device configuration as thase of getting inconsistent results.
The results of corrective calculations based on mifagis formula and typical cross-
sections of channels were presented. Obtained tsesanfirm the possibility of
significant differences obtained when the chanmebmeters are configured incorrectly.
Confirmed the low quality of the built-in algorithsupporting measurements at low
depths, mistakenly called by the device manufactivanning’s formula method”.

Keywords: combined sewage system, dry weather 8teyipeaking factor

1. INTRODUCTION

In designing of sewer systems, good estimationesfigh maximum flowrates
are very important. Sewer system needs to havecitgpiarge enough to
accommodate increased domestic flows associatédindgteases of population
and system expansion (Moulton 1999). Good estimatfominimum flowrates

are valuable when designing combined sewer syslethe flowrate is too

small, solid deposits can become substantial amdjusde self-cleaning isn’'t
achieved. Analising of existed systems is conneetéd choosing adequate
measurement equipment. The use of profiling flovargeto measure flowrate in

EICorresponding author. E-mailnowogonski@iis.uz.zgora.pl




30 Ireneusz Nowogonski, Ewa Ogiotda

the channels seems to be a very good solution. ahdh algorithms for auto-

calibration, measurement using more than one oliasprobe, suggests the
possibility to obtain reliable results. In practige turns out that despite the
higher cost repeatedly obtained results are famfideal. The least reliable

results are obtained when the small depth is obserwn theory, the method of
calculating the flow rate using the Manning’s fotenis used here. Practically,
algorithms that generate the flow curves, basedmeasurements of large
fillings are used. As a result, incorrect results abtained and their use is not
possible.

2. RESULTS

The study was conducted in city Gtogéw with popolaof about 67 thousands
people located in Dolrétaskie Province 60 km away from Zielona Géra. The
combined sewer system serves an area of 3511 hayz&d sewer system in
Glogow is equipped with three combined sewer owgersl with single side weir
and one flow divider connected with storage fagilit

Rainfall was measured by six tipping-bucket rainuggs (Fig. 1).
Measurements were taken in all seasons of the year.

m. GLOGOW

Fig. 1. Locations of rain gauges and overflow stitgs in the city
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Fig. 2. Locations of flowmeters near overflow stuwe PB-1

Tab 1. Specification of dry weather minimum and immam flow rates [Ips]

Month Skargi 1.1 Skargi 1.2
min max min max
10.2011 5 64 12 56
11.2011 5 29 12 56
12.2011 6 52 12 47
01.2012 13 54 12 46
02.2012 14 60 12 51
03.2012 - - 12 52
04.2012 13 55 12 45
05.2012 - - 10 55
06.2012 11 51 12 44
07.2012 8 64 5 51
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Tab 2. Specification of dry weather minimum and imaxm depth [mm]

Month Skargi 1.1 Skargi 1.2
min max min max
10.2011 77 176 134 262
11.2011 77 160 132 252
12.2011 80 145 132 242
01.2012 86 151 135 224
02.2012 83 153 139 238
03.2012 - - 143 244
04.2012 85 150 135 229
05.2012 - - 132 233
06.2012 82 148 135 231
07.2012 98 164 137 248

m. GLOGOW

Fig. 3. Subcatchment connected with overflow stmefB-1

Flow rates were measured by ISCO ultrasonic prafilflow meters
located at sewer manholes upstream and downstréahe dCSO chambers.
Special attention was taken to avoid improper itetian of the ultrasonic
probes (e.g., in sections with backwater effectplaces with large amounts of
sediments). All instruments were equipped with datgers, which were fully
synchronised and set for 5 min recording intervalgcations of analysed
flowmeters were shown on Figure 2.
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Tab 3. Dry weather peaking factors estimation

Flow rates — Skargi 1.1 Flow rates — Skargi 1.2
Date . peaking : peaking
maximum | average| ", . ~| maximum | average| "o . .
14.10.2011 56,0 40,2 1,39 43,0 24,1 1,79
16.10.2011 49,0 34,4 1,42 48,0 24,7 1,94
29.10.2011 22,0 15,9 1,39 39,0 25,2 1,54
31.10.2011 22,0 15,0 1,47 36,0 24.8 1,45
05.11.2011 22,0 16,2 1,36 40,0 14,0 1,51
15.11.2011 22,0 14,5 1,52 36,0 22,6 1,60
27.11.2011 21,0 14,5 1,45 39,0 24.3 1,601
29.11.2011 25,0 14,2 1,76 42,0 23,2 1,81
26.12.2011 52,0 34,6 1,50 43,0 24,0 1,79
31.01.2012 54,0 35,8 1,51 42,0 25,1 1,67
04.02.2012 50,0 35,6 1,41 51,0 26,4 1,98
07.02.2012 51,0 34,3 1,49 37,0 23,4 1,58
20.02.2012 - - - 41,0 25,5 1,61
02.03.2012 - - - 35,0 23,4 1,50
03.03.2012 - - - 52,0 25,8 2,02
04.03.2012 - - - 45,0 23,2 1,94
05.03.2012 - - - 35,0 22,0 1,59
07.03.2012 - - - 43,0 22,4 1,92
15.03.2012 - - - 43,0 24,3 1,77
20.03.2012 - - - 43,0 24,3 1,77
01.04.2012 47,0 32,4 1,45 37,0 22,4 1,65
11.04.2012 55,0 36,7 1,50 45,0 22,0 1,50
02.06.2012 47,0 32,4 1,45 44,0 24.5 1,80
24.07.2012 53,0 38,5 1,38 41,0 23,2 1,77
25.07.2012 54,0 37,6 1,43 44,0 24.8 1,90
26.07.2012 52,0 36,6 1,42 40,0 20,5 1,95
27.07.2012 56,0 37,5 1,49 51,0 27,3 1,87
Average 42,6 29,3 1,46 42,03 23,6 1,73

During dry weather periods minimum and maximum #oand depths of
channels were specified from October 2011 to 202. The results are shown
in Tables 1 and 2. For a detailed analysis 19 dé#ysn there was no rainfall
were selected for position Skargi 1.1 and 27 fosifan Skargi 1.2. For each
day minimum, maximum and average flow rate wereci§ipd. Based on the
maximum and average values, peaking factors wdimaed. The values of
flow rates and peaking factors were shown in T&ble
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Fig. 4. Cross sections of channels reconstructedgithe inventory
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Fig. 5. Cross sections of channels reconstructddyical

Flow rates in channels were estimated when deg#sssthen 20 cm and
when it is not possible to perform measurement$ whe ultrasound probe.
Obtained results are inadequate to real flow camtit Flowmeter are located
at a distance of less than 80 m. Therefore, theegabbtained should be almost
identical. As a reason, inadequate reconstructiamass-sectional shape of the
channel during device configuration was pointedy(F and 5). This effect
connected with low efficiency of the algorithm ali® the estimation of the flow
when depth is less then 20 cm (mistakenly calledheydevice manufacturer
“Manning’s formula method”) is the cause of gettingonsistent results.
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Tab 4. Dry weather peaking factors estimation +exied values

Date Flow rates — Skargi 1.1 Flow rates — Skargi 2.
maximum | average| peakingmaximum | average| peaking
factor factor
14.10.2011 50,5 37,8 1,34 53,0 41,6 1,28
16.10.2011 44,8 33,1 1,35 61,7 40,1 1,54
29.10.2011 44,2 33,8 1,31 54,0 41,0 1,32
31.10.2011 44,8 32,1 1,39 53,0 39,4 1,3b
05.11.2011 45,4 34,4 1,32 54,0 41,5 1,30
15.11.2011 44,2 31,6 1,40 52,6 37,2 1,41
27.11.2011 42,4 31,4 1,35 54,0 39,0 1,38
29.11.2011 50,5 31,0 1,63 69,8 37,3 1,87
26.12.2011 46,0 32,8 1,40 55,5 38,2 1,45
31.01.2012 46,7 33,2 1,41 59,6 42,3 1,41
04.02.2012 44,2 33,0 1,34 69,2 44,0 1,57
07.02.2012 44,8 32,0 1,40 55,5 41,8 1,74
20.02.2012 - - - 53,5 37,9 1,41
02.03.2012 - - - 61,1 46,8 1,31
03.03.2012 - - - 72,6 49,5 1,47
04.03.2012 - - - 64,3 47,6 1,35
05.03.2012 - - - 60,6 46,4 1,31
07.03.2012 - - - 65,4 46,0 1,42
15.03.2012 - - - 64,3 44,2 1,45
20.03.2012 - - - 62,2 43,4 1,43
01.04.2012 48,8 35,9 1,39 56,5 40,8 1,39
11.04.2012 48,6 34,2 1,42 64,3 39,5 1,68
02.06.2012 47,9 34,9 1,37 65,4 42,5 1,54
24.07.2012 55,1 42,0 1,31 64,8 50,5 1,28
25.07.2012 56,4 41,1 1,37 64,3 49,2 1,31
26.07.2012 54,4 40,2 1,35 62,7 48,1 1,30
27.07.2012 64,8 41,1 1,58 80,8 49,4 1,68
Average 48,6 35,0 1,39 61,3 43,2 1,43

The results of corrective calculations based on magis formula and
typical cross-sections of channels were presemtdable 4.

3. RESULTS ANALYSIS

Used measuring system was designed for storm whites and combined

overflows monitoring. ISCO ultrasonic profiling floneters measuring range
starts at 110 mm, but in real technical conditiprediling starts at 200 mm. Dry
weather flows connected with small depths are ed&ch with algorithms

automatically adapting to changing hydraulic caodis within the pipe.
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Fig. 6. Dry weather peaking factors — original su

Obtained results are inadequate to real conditid?saking factors
estimated using logged data are characterizedgoyfisant differences between
the two positions. In most cases the error excdé® and in seven cases
exceeds even 25%. Average peaking factor on SKatgposition is equal to
1,46. Average peaking factor on Skargi 1.2 posiisoequal to 1,73.

Peaking factors values calculated using correctdd dre estimated with
less error between the two positions. In most césesrror is less then 10%,
only two cases exceeds 15%. Average peaking factdkargi 1.1 position is
equal to 1,39. Average peaking factor on Skargpbgition is equal to 1,44.

In cities the size of Glogéw daily peaking facterassumed of 1.4 (Gruszecki,
Wartalski 1986).
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Fig. 6. Dry weather peaking factors — correctedi@al
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4. CONCLUSIONS

Obtained results of corrected dry weather peakawgofr are almost identical to
typical designing factor. Original values are usslbecause of low efficiency of
the implemented algorithms. An additional problesnlimited experience of
workers who build and implement measurement systddssng profiling
flowmeters to estimate dry weather values is nagsjme without manual
calibration or correction values with Manning’'s rfarla. Optimal, though
expensive solution is to apply additional ultrasditowmeter for small depths.

The calculations will be continued using the datatamed from
measurements of the following years.
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WSPOLCZYNNIK NIEROWNOMIERNGCI PRZEPLYWU POGODY
BEZDESZCZOWEJ W KANALIZACJI OGOLNOSPLAWNEJ GLOGOWA

Streszczenie

W pracy przedstawiono wyniki baflanatzenia przeptywusciekéw pogody suchej w
kanatach doplywowym i odplywowym =z przelewu burzgae PB-1. Obiekt
zlokalizowany jest przy ulicy P. Skargi w Glogowid/ oparciu o uzyskane wyniki
oszacowandredni wspoétczynnik dobowej nierownomieaeo odptywu sciekéw pogody
bezdeszczowej. Stwierdzono nis&fektywna¢ algorytmu umaliwiajacego szacowanie
nakzenia przeptywu w zakresie 0-20 cm napelnienia kangtly nie jest mdiwe
wykonywanie pomiaréw przy ayciu sondy ultradwiekowej. Wskazano na malo
dokladne odtworzenie przekroju kanatlu w czasie igomécji uradzer jako przyczyny
uzyskiwania sprzecznych wynikow pomiarow. Zapreaemaino wyniki obliczé
korygujacych wykonane w oparciu o wzér Manninga i typoweehroje kanatow.
Uzyskane rezultaty potwierdzaj mazliwos¢ wystpienia znaczcych ré&nic
uzyskiwanych przy nieprawidtowo skonfigurowanychigraetrach kanatu. Potwierdzono
niska jakos¢ wbudowanego algorytmu wspomagaggo pomiary przy matych
napetieniach, ktinie nazywanego przez producentaadeenia metogl Manninga.
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The properly designed and exploited water supphtesy is very important both for

consumers and management in commune. Work consliibeuch systems are changing
so it is necessary to know its current parametBievy we have different modern

programs which make possible to calculate parameded carry out simulation of

designed changes which could improve reliabilitgf@ioients. Evaluation of exploited

water supply system in Mizychod and designed its connection with subsystem

Radgoszcz were presented in this paper.

Keywords: water supply system, hydraulic calculadionumerical simulation

1. INTRODUCTION

Water supply systems are expensive while requiréniam technical systems
are higher and higher, so they are designed asgurtfiair longlasting
exploitation. One should create more durable ahdhle systems. In properly
designed system there should be realized distabubf required amount of
good quality water under adequate pressure atghetime for consumers.

With passage of exploitation time work parametees ghanging. There
are software such as Epanet which makes possilgarty out calculations of
existing systems or simulation calculations whieh fo estimate results of
designed sytem changes.

YCorresponding author. E-maii:ogiolda@iis.uz.zgora.pl
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2. CHARACTERISTIC OF WATER SUPPLY SYSTEM
IN MI EDZYCHOD

City and commune Mizychdd are localised on the Warta River, neamtbst
boundary of Wielkopolskie Provence. There live al®thousand people in the
city and about 12 thousand in communediiychdd. There are great forest area
and more than 50 lakes in the commune so duringuhemer there arrive many
tourists — as a consequence water comsumptionris diferent, especially
during a year [Studium uwarunkowe005].
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Fig. 1. Map of Mgdzychod commune [www.miedzychod.pl]

Most consumers in Mdzychdd commune has access to water
distribution system, 17 from 26 villages are eqenppvith water pipe network.
Technical condition of pipe system in a part oflages is poor [Plan
zagospodarowania, 2007].

Tab. 1. Specification of water supply subsysten@GKHEV Mi ¢dzychdd, 2009]

Number of
consumers

Lp. Subsystem Villages

Miedzychéd, Bielsko, Dzcielin,
1 Miedzychéd Wielowies, Zatom Stary, Kolno, 14.776
Muchocin, Gorzycko Stare, Gonzy
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Radgoszcz, Mierzyn, Przedlesie,
2 Radgoszcz Kaplin, Zwierzyniec, Mokrzec, 1.165
Zatom Nowy, Puszcza
3 Kamionna Kamionna, Mocberk — Folwark 516
Gtazewo, Skrzydlewo, Gralewo,
4 Glazewo Dormowo, Mnichy, Mniszki, 1.196
Tuczpy
5 Lewice Lewice 219
6 Lowyn Lowyn 716

3. CALCULATION METHOD

Hydraulic calculations were computed with EPANET pgepared by The
National Risk Management Research Laboratory. Phigyram is applied in
water ditribution system analysis, makes possibialysis of water flow,
pressure values in particular nodes, water levetaitks and reservoirs and
concentration of chemical compounds in pipes. @bthresults are presented in
different forms — tables, graphs, contour plotsfiprs what allows to evaluate
changes designed in water network [Rossman, 2000].

Input data necessary in hydraulic model of watéwagk are:
— grahical presentation of pipe network,
- lengths, diameters and roughness coefficientspi
— water demands in nodes,
— localisation of reservoirs, tanks and pump stations

The hydraulic headloss by water flowing in a pig® e computed using

one of three different methods:
— Hazen-Williams formula,
— Darcy-Weisbach formula,
— Chezy-Manning formula.

In carried calculation Darcy — Weisbach formula whssen [Rossman,
2000]:

AhL = AqB
where:Ah, - headloss, m,
q - flow rate, nis*
B - flow exponent, B = 2,

A -resistance coefficient,

A =0.0252 f¢,d,q) d°L
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¢ — Darcy — Weisbach roughness coefficient, mm,
d — pipe diameter, m,
L — pipe length, m.

4. CALCULATIONS OF EXPLOITED PIPE NETWORK

Existing pipe network consists of 9 loops and pipégotal length 88 km.
Elevations on Midzychdéd commune area are significantly differeetiat about
32,5 m so this is necessary to apply a few pumiiosta Diameters of pipes
ranges from 90 to 250 mm. Graphical representaifowater pipe network in
Miedzychdd is shown in figure 2.

Fig. 2. Graphical representation of water pipevoek in Miedzychdd

Calculations were realized in terms of real condionp- water demand
was evaluated for number of consumers establisked ia shown in tab. 1.
Maximum singular coefficient of water consumptioasiaccepted as an average
value from 2006 — 2008 — it means ¢ = 90*d-d™.

The results of carried out calculations make pdssib evaluate work
conditions in exploited water distribution systeAs the results one obtaine
values of pressure and flow velocity (tab.2).

Tab. 2. Zakresy pdkosci przeptywu i cinienia w systemie Mdzychd6d

Parameter Minimum value Maximum value
Water pressure [m] 23,77 61,77
Flow velocity [mps] 0,11 0,73
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Results were shown on contour plot — ranges ofspresin particular
nodes (fig. 3).
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Fig. 3. Contour plot of pressure in system of Migdiod commune

Results show that pipe network is exploited underhigh pressure, not
adjusted to real needs, however maximum presswreeds allowed 60 m only
outside of supply area. Flow velocity values in sngripes are too low -
minimum value 0,5 m“swas achieved only in 20% of pipes length.

Parameters differ from those which should be guesghduring correct
explotation what is the result of water demand elase.

5. NUMERICAL SIMULATION OF CONNECTED WATER
SUBSYSTEMS

To improve reliability connection of two subsystenMigcdzychdéd and
Radgoszcz was considered. Elevation in both casesimilar and in case of
breakdown of one water treatment station there ossibility to distribute
water from other. Capacity of water intake inchittychod equals to 175%h*,
so it is sufficient to meet water demand forghiiychod and Radgoszcz. On the
other hand intake capacity in Radgoszcz is 3%imso it could ensure only
about 20% of water requirements forgdzychdd. Connection was designed in
node 22 and simulation was carried out for piped@meter @300 under
conditions of maximum demand of water.

Graphical representation of connected subsystemedZyithod and
Radgoszcz is shown in fig. 4.
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Radgoszcz

Fig.4. Graphical representation of connected subsys Midzychdd and Ragdgoszcz

Tab. 3. Velocity and pressure ranges in conneatbdystems

Parameter Minimum value Maximum value
Water pressure [m] 15,66 50,66
Flow velocity [mps] 0,01 1,00

Fig. 5. Contour plot of pressure in connected sstiesps Médzychdd and Radgoszcz

Obtained simulation results show that it is possitd connect water
system supplied from water treatment station in g®adcz to subsystem in
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Miedzychdd. Pressure range is sufficient for low bogd which are typical of
village area, but flow velocity values are lowearh0,5 m-3, so it is necessary
to rinse pipe network.

6. CONCLUSIONS

Evaluation of exploited system should be the ba$etaiing decisions
concerning the best solutions choise in respetitetechnical, economical and
reliability point of view at a stage of design, lization and exploitation.

Results of carried calculations make possible @umate existing water
supply system in Midzychod. Analysis confirms by low values of flowlagty
that pipes diameters are too large. It could reisutieterioration of physical,
chemical and bacteriological water quality. Systeupply under exscessive
pressure could cause breakdowns and increased lasges.

Results show correctness of reliability improvemébngt application of
subsystems additional connection. Carried out gtiat of connected
subsystems Midzychdod and Radgoszcz proves that it ensures bettability
of water deliverying to consumers both during staddexploitation and in case
of increased demands (e.g. extinguishing fire).

Water supply system in Milzychdd should be modernized, especially in
regards pipe diameters and extension pipe netwgrkomnection with other
subsystems. Prepared hydraulic model makes pogsilsienulate and evaluate
introduced in future changes.
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SYSTEM ZAOPATRZENIA W WOLE W GMINIE MIEDZYCHOD
Streszczenie

Systemy zaopatrzenia w woeh kosztownymi inwestycjami — isotne jest zatem zktun
widzenia uytkownikdw projektowanie i eksploatowanie ich w itakposob, aby
pracowaly niezawodnie przez dlugi czas. Warunkicpramawianych systemoéw
zmieniap sie w czasie ich gytkowania — istotna jest zatem znajaihicaktualnych
wartasci poszczegllnych parametrow eksploatacyjnych. @®hnnarzdziami
programy komputerowe, ktére unliviaja zaréwno ustalenie wada poszczegélnych
parametréw, jak i przeprowadzenie oblitzeymulacyjnych dla projektowanych w
systemie zmian magych przyczyné sie do poprawy jego niezawodém. Przy wyciu
programu EPANET obliczono i poddano analizie patayngracy istniegcego systemu
zaopatrzenia w wad w Miedzychodzie. Zaproponowano poktenie systemu
z podsystemem Radgoszcz, a uzasadnieniem prawigtowakiego rozwizania g
wyniki przeprowadzonych oblicaesymulacyjnych.
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This article, basing on the available literatureanmarizes the results of physiochemical
research into the structure of complexes of traetalm with antibiotics. It presents the
leading methods of instrumental analysis applied dietermine the structure of

complexes.
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1. INTRODUCTION

The term antibiotics [Granti - againstbios - life] refers to a group of organic
natural chemical compounds produced by such migeyesms as: bacteria,
actinobacteria, warious types of fungi and somatgland animal cells. Many
substances isolated from these organisms are syrgldeon an industrial scale
as a whole (of synthetic origin, called chemiotipexstics) or in part (of
semisynthetic origin), [16]. The products of metébno of actinobacteria
constitute about 90% of natural antibiotics proaglica an industrial scale [5].
The research into moulds has enabled the acquisiinnl consequently
the synthesis and modification of the acquired caumgls although their role in
the life of microorganisms has not been explairigd from the medical point
of view some of the most important metabolites ad by thePenicilium
chrysogenuniThom mould are penicillin G. and griseofulvin. Yet maather
metabolites also have a wide range of action: eptis againsStaphylococcus
aureus decomposing carbohydrates, oxidizing decanes,ecarks and
hexadecanes from petroleum. Theremonium strictum W.Gams mould

YCorresponding author. E-mak:luszczynska@iis.uz.zgora.pl
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produces cephalosporin, which has become the socwogpound for five

generations and over 20 various derivatives of algsiporins and the
Thamnidium elegansLink mould produces an antibiotic inhibiting the
development of mycobacteria [10]. A common featafeall antibiotics and

chemiotherapeutics is their ability to inhibit theetabolism and multiplication -
the basic life processes - of microorganisms.

The biosynthesis of antibiotics is based on sewseating substances and
depends on the environmental conditions. With dedmicilium chrysogenum
and Acremoniumstrictum the substrates are acetyl-CoA, acetylserine, L-
methionine, pyruvate, and 2-oxoglutarate of thehbisreycle. These compounds
are converted to three amino acids and subsequendiytripeptide, which, as a
result of enzyme action, produces the intermediatgpenicillin N. The
Penicilium moulds convert it to penicillins, whereas tAeremoniummoulds
convert it to cephalosporins and cephamycins [5].

The growing drug resistance of microorganisms leaslted in the rapid
development of pharmacology and chemistry. A lotaofibiotics have been
found, which have been divided according to théieroical structure and the
range of effect on microorganisms. With regardttocture the following can be
identified:  beta-lactams  (penicillins, cephalospsri monobactams,
carbapenems, beta-lactamese inhibitors), tetrama&li quinolones,
aminoglycosides, peptide  antibiotics,  sulfonamideslinkosamides,
chloramphenicol, macrolides, ansamycins.

Some of these groups turned out to be promisingtaulee possibility of
synthesizing derivatives whose properties are gaothan those of the source
substances, and which are more active, more wabelble, more lasting, of
better therapeutic index, broader application @amitdd adverse drug reaction.

Antibiotics differ from one another in terms of thway they effect
microorganisms. Two mechanisms are, however, peatalOne of them is
based on the destruction or prevention of the ol of the cell wall, which
consequently leads to the loss of its contentshbycell. The other mechanism
consists in the blocking of metabolic pathways btitaotics - the inhibition of
the process of creating proteins prevents the freln developing and
regenerating properly. The physiochemical properiiary and depend on a
number of factors, such as pH, the functional gsoup a molecule and its
general structure [16].

Trace metals are elements including copper, marsgarnen, vanadium
(or more precisely - vanadyl - /9, chromium, zinc and cobalt. They are
essential to the proper functioning of the organisheir daily demand does not
exceed 100 mg and their excess may cause numendusedous side effects.
The role of trace metals is most frequently to tegumetabolism because many
of them constitute the important part of enzymemc(z molybdenum) or
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vitamins (cobalt). They enable cellular respiratiop supplying oxygen to
tissues and cells (iron), are involved in the sgsik of neurotransmitters
(copper) and protect from free radicals (mangandgg)Pure trace metals are
toxic for the organism [8]. However, they enter thiganism from food as
complex compounds [7,12].

Many of the chemical compounds come in contact wsithibiotics in
human body, among them ions of trace metals. Efettheir synthesis can be
harmful, neutral or curative and is dependent rairt solubility, assimilation,
polarity and chemical structure. Getting to knowttadt structure may be key to
predicting the behavior of these substances imthanism, or even finding new
ways of their usage. Knowing the most efficient moeis of analyzing complex
compounds will allow us to quickly and inexpengpvesearch their previously
mentioned attributes, witch in turn may be helpfal synthesizing next
generation, more efficient and selective medicament

The purpose of this paper is to determine, basettenature data, the
most efficient methods of identification of antibas-trace metals complexes.

2. RESEARCH METHODOLOGY REVIEW

The applied methodology consisted in the analyaimg comparing of the most
frequently performed spectra and characteristiamaters of free antibiotics
and their complexes with trace metals. The mosjuieatly used methods were
the following: the IR (infrared spectroscopy), U\sV (Ultraviolet-visible
spectroscopy) spectrophotometry, *H NMR (Proton Idlrc Magnetic
Resonance) and 133C NMR (Carbon-13 Nuclear MagndRiesonance)
spectrometry,  polarography, = molecular = modelling, ystallographic
measurements, EXAFS (Extended X-Ray Absorption Fhteicture), mass
spectrometry, EPR (Electron Paramagnetic Resonamckedhe measurements of
the magnetic moment [2, 3, 4, 11, 13].

3. ANALYSIS AND EVALUATION OF APPLIED METHODS'
USEFULNESS

The IR spectrum of trace metal complexes with phinis provides valuable
information. The study of the presence of signdisfree penicillin G and

ampicillin and their complexes with copper allowseoto clearly determine
which functional groups are engaged in the cootditnd. Table 1 confirms
the research data. The lack of signal typical otdm group testifies to the
hydrolysis of the lactam ring, namely the decomiimsiof penicillin into the

penicillic acid (Figure 1).
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Table.1. IR spectrum data for benzilpenicillin (Bgm ampicillin (Amp) and their
binding with Cu(ll) G* and Amp* stands for ligand penicillic acid [13]

Functional v [em™] for v [em™] for v [em™] for v [cm™] for
group PenG Cu(PenG) Amp Cu(Amp),
C=0 (lactam) 1780 no spectrum 1780 no spectrim
C=0 (amide) 1680 1660 1680 1660
e [0}
S
R\]/tKNH/[( CHj HOH, o R\]/lk S CH
—— NH

HaN N ChHs HoN VY NH\><CH5

/ 0" oH

(o] COOH COCOH

Fig. 1. Hydrolysis of penicillins to penicillic atin the environment of copper ions [13]

The spectrophotometric study (UV-Vis) of penicilkolutions confirms
their coordinative properties (Figure 2). For 1ldlusons (ligand:metal) the
maximum absorption is observed at 715-755 nm; aithortion of the ligand
added to the solution the maximum is found at 388-8m (Figure 2). This is
due to the precipitated sludge and confirms theatwe of a new compound
containing more ligands bound with the coordinatmentre. The minimum
absorption for the compound is observed at 2:htigaetal ratio 13].
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" P A TR
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5% 4% 3
—_—
Cu?*: L

Fig. 2. Absorbance dependence for the copper-pmiGi complex for specific
stoichiometric ratiose for A 318 nm,o for A 755 nm [13]

Cephalosporins create complexes at various stortioc ratios, and the
ligand co-ordinates the metal ion through varioosat groups depending on
pH. It all results closely from the molecule stuwret [4]. The study of the
bonding of cefadroxil with metal ions has provided lot of important
information. These complexes are stable - as prowethe log K value (= 6 —
13) orazAG (= 8.5 — 18.5 kcal/ mol-K). The IR spectrum ofackeoxil includes
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a band at 1354 cf attributed to the stretching vibrations of theNbeta-
lactam ring and the thiazolidine ring. There issugh band in the spectrum of
the complexes, which indicates the participationitfogen atoms of these rings
in the coordinate bond (Figure 3). The stretchiifations of the C-O group
coming from the beta-lactam ring of the cefadromiblecule, which occur at
1759 cnt, are not found in the complex spectrum (TableTB)s is evidence of
this group being engaged in the chelation of théalens. In the spectrum of
the complex the bands for symmetrical stretchidgations (COO) are shifted
towards higher frequencies by about 30-50'cas compared with the spectrum
of free cefadroxil. This points to the participatiof the carboxyl group in the
coordinate bond. Studies have also shown thatrttideagroup is not engaged in
the creation of the complex as its band does ndérgo shifting [15].

HO

NH; | S (H0)z
_~—CH3

(HOX (H0)y

Fig. 3. The general structure of the cefadroxit¢ranetal complex, where M stands for
Fe(Il) x=0 y=1 z=2,Ni(ll) and Cu(ll) x=1 y=0 z=1%]

Table 2. Selected bands of the IR spectrum at&ribtda cefadroxil and their complexes
(L-ligand cefadroxil) within the wavelength of 40@00 cn [15]

Complex v (C-ilr\1|)[(i:r:n 'T]e ring| v (C:Ir?%clg1 _tl?e ring Vsi%m[s:(-l?n(?l]O)
[Fe(llgll__b(oH 20)] no band no band 1261
[Ni(INL(OH)]-H .0 no band no band 1236
[CU(IILIZ‘(()OH) I no band no band 1234

The properties of the cefaclor-copper (II) complexe studied by means
of spectrophotometry with the pH value set and taamed at 8.0 with the use
of a pH meter. Cefaclor may behave like an acidabdse at the same time. It
may also be a zwitterion. In the acidic environm&ntomplex with copper (Il)
hydrolyzes into Cu(CEF) and in the slightly basic environment a
hydrocomplex Cu(OH)(CEF) is created, which is conéd by the study of pH
values (Figure 4). With the pH value over 9.0 theabance increases and the
maximum shifts towards longer wave lengths - théGEl),(CEF) complex is
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created. With the pH over 10.7 the colour of solutiurns intensly into yellow
and orange, which probably results from the decaitipn of cefaclor in the
strongly basic environment. It was supposed thppeocatalyzes the hydrolysis
of cefaclor, but this hypothesis was not confirmé&de obtained results agree
with the assumption that the metal ion is not erdag the stabilization of the
tetraedric complex created with the opening of ldeam ring. That confirms
the prediction that the copper ion co-creates aptexnoutside the ring at pH =
8.0.

A300nm
08~

osl| -

04l

02
1 | I ] 1 P
6 7 8 ) 10 1"
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Fig. 4. Absorbance-pH dependence for the cefadpper complex at 300 nm [3]

A UV-Vis spectrum was performed for the 400 - 282 range for copper
salts (Il), cefaclor and the complex of copper wetfaclor. For cefaclor the
maximum absorption is found at 282 nm, whereashfercomplex it occurred at
300 nm, which serves as confirmation of the creadibthis complex (Figure 5),

[3].

Fig. 5. The UV spectrum for the copper (ll)-cefactomplex in changing pH [3]
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Aminoglycosides readily chelate metal ions, but fiois to happen the
condition must be met that there are four or mdmmna of nitrogen (amine
groups) present. Gentamicin includes 5 amine grompmy 3 of which have the
capacity to coordinate, creating a 1:1 complex.

The 'H NMR spectrum for the iron-gentamicin compiexa useful tool for
analysing the structure of the compound (Figure 6).

AINE

H,0 =

mn

Fig. 6. The value of chemical shift for the comp{bX as compared with the free
antibiotic (a) equals approx. 1 ppm [11]

It follows that the signal bandwidth in the spentrwf the complex
approximates the signal bandwidth in the spectrfifnree gentamicin. That has
confirmed the hypothesis about the weak interaatiothe ligand with the metal
ion [11]. Molecular modelling indicates that theetdtion of iron by one
gentamicin molecule does not prevent attachingremogentamicin molecule.
Hence, if there is a high concentration of theldatic, a 2:1 (antibiotic: metal
ion) complex arises (Figure 7).

Fac-Fac Mer-Mer

Fig. 7. Proposed structures for the 2:1 gentaniicimcomplex [11]
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The research on aminoglycosides has shown tha¢ thetibiotics very
effectively bind with copper (Il) (kanamycin A evesne hundred times as
strongly as with other metals) in the environmehtpbysiological pH [14].
Aminoglycosides are known for their oto-, hepatand nephrotoxic effect on
the human organism [16]. That may be caused bygai]iwhich appear in the
presence of the complexes of these antibiotics trétbe metals. Although these
substances themselves do not have reduction-oaidaibilities and therefore
require a special medium to participate in suchcesses, ions of transition
metals Ni(ll), Co(ll), Zn(ll) or Cu(ll) seem to bédeally suited for that.
Although the amount of ‘free' copper in the humaganism is quite small,
during illness (tumour, inflammations) its levelxtiease and the creation of a
complex becomes fully possible [14]. Peptide antibs have a great capacity
to bind the ions of bivalent metals at the 1:1aali has been established that
this affinity decreases in the series:*GuNi?*> Cc™* ~ zZrf*> Mn?* [6]. It is
thought that the bacitracin molecule chelates maiat by means of the
thiazolidine and imidazole ring of histidine. Thegagement of the imidazole
ring has been determined with the help of the tHRN$pectrum, on the basis of
an equal shift of its value towards the lower rafageboth 2-CH and 4-CH and
by analysing the®C NMR spectrum, at pH = 6-8. This theory needs
confirmation by further studies. It has been esthbd that the above-
mentioned ions chelate with the sulphur atom oftthiazolidine ring and the
carboxyl group of the glutamic acid (Figure 8)tddows from the EPR spectra
that Mrf* does not create complexes with the antibiotic bepd#v= 5.2. The
CU?*- bacitracin complex, on the other hand, givesER® spectrum, which is
consistent with the assumption that the complex &adistorted tetragonal
geometry with two coordinated atoms of nitrogen amal atoms of oxygen. The
EXAFS study indicates that in the coordination sphef the metal there are
three N-ligands and one ligand with an atom of @xygattributed most
probably to the nitrogen of the terminal amine granf the imidazole ring of
histidine, the thiazolidine nitrogen and the cagdayoup of the glutamic acid
[6].

Many scientists have conducted research into thmeplaxes of trace
metals with quinolones because the presence obxgrland carbonyl groups
ensures good chelation and the creation of relgtemall compounds [16]. The
proposed method of the complexation of metal iowstylates interaction
between the 4-oxo and the neighbouring hydroxylugravhich are a constant
and indispensable element ensuring that quinolondibiatics have
bacteriostatic abilities.
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Fig. 9. Cinoxacin. The presence of the 5-oxo amtlaeyl group ensures excellent
chelating properties [16]

Another example that confirms the method of chetatif metal ions by
guinolones is the complex [Cu(hsm)(nalqCl-3H,0O (hsm - histamine, nal -
nalidixic acid), in which one can observe d-d titoss at 625 nm, attributed to
the complexes of square based pyramidal geometiydimg two coordinated
nitrogen atoms. In the IR spectrum one can observad bands between 1634
and 1501 cil attributed to the stretching vibrations includingttpb the
functional group COO and CO. It serves as furthenfiemation of the
interaction between the metal ion and the carb@Bydxo) and the carboxyl
group within a molecule of this antibiotic (Figu®, [1]. Another case
confirming the structure of the complexes of médals with quinolones is the
[Cu(hsm)(cnx)NQG] -H,O complex (where hsm stands for histamine, and@anx
cinoxacin - Drawing 4). It acquires the geometryaoflistorted square based
pyramid - the crystallographic analysis servesadiagnation (Figure 10, Tab.
3), [2].
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Fig. 10. The crystal structure of the complex wfta particular atoms marked
[Cu(hsm)(cnx)NO3] -H20 [2]

Table 3: Comparison of bond length in free cinoraaid its complex with copper (Il)
based upon crystallographic research [2]

Carbon bond Bond length Bond length Type of

in antibiotic in free antibiotic in complex of change
antibiotic in bond

C(5) - C(6) 1.451 1.442 shortening

C(6) - O(5) 1.248 1.270 lengthening

C(12) - O(4) 1.316 1.269 shortening

C(5) - C(12) 1.503 1.511 lengthening

4. SUMMARY

In this study the most frequent methods of instmtaleanalysis applied to
identify complexes of trace metals with antibioti@ve been selected from the
available literature and their accuracy has beempewmed. The methods used for
identification and analyzing the results have bermounded with reference to
particular groups of antibiotics. Also, availabldarmation has been collected
on thephysicochemical properties of the complexes. ThimMedge is indispensable to
make predictions about the behaviour of molecutethé organism and to create new,
lasting and effective antibiotics.
Each method of analysis has it's pros and consRIrand UV-Vis

spectroscopy the ease of sample preparation, rastdrpretation and
inexpensive procedure is offset by the fact that alb substancs can be
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examined. The EPR method only allows the studyaafet metals with unpaired
electrons.'H NMR and **C NMR methods are costly, altough they provide
useful information about structure.

In case of complicated structure compounds masstrepeetry defines
their mass but is otherwise difficult to interpréhe EXAFS method does not
give sufficient information about the structuredas only limited to defining
distance between atoms, furthermore it is usedkémee amorphic materials.
Polarography provides information about ion sigbénd concentration, but it
is hazardous for scientists' health, there is &ipiisy of sample contamination
and interferation with electrolytes. Cristallograpltanalysis are costly, the
studies themselves are time consuming and in chsmroplicated structure
compounds is difficult to interpret. Howevere itopides us with greatest
amount of information about examined substancesire.

Each of the presented methods has in its own wafirowed or negated
the hypothetical structure of the complex. The @mefd method was IR and
UV-Vis spectroscopy. It is most probably due to #a&e it ensures in preparing
the results and the relatively low cost of measam@sias compared with f. ex.
EPR, polarography or magnetic methods.

5. CONCLUSIONS

This study, based on the literature data, summneridee results of

physiochemical research on the structure of conaglexf trace metals with
antibiotics. These compounds have been studied neidirly all known groups
of antibiotics as they contain heteroatoms anduah $hrave excellent donor
properties. Their structure is not always easynterpret. No single method
allows us to clearly specify the structure of the@mined compound. Using
multiple analysis methods gives better results. c8Bpscopic and

crystallographic methods are prefered by scientiSise knowledge of a
structure, the methods of its synthesis and itecéfobn the human organism
allows for the creation of a new class of substantts extended effect on
microorganisms may result in their reduced druistasce.
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KOMPLEKSY ANTYBIOTYKOW Z METALAMI SLADOWYMI
Streszczenie

W artykule, na podstawie danych pochgmzh z pismiennictwa, zestawiono wyniki
bada fizykochemicznych nad struktur komplekséw antybiotykbw z metalami
sladowymi. Przedstawiono wiade metody analizy instrumentalnej &foe do
okreslania struktury kompleksow.

Stowa kluczowe: antybiotyki, metaldadowe, kompleksy metakladowych,
analiza instrumentalna
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TWO-DIMENSIONAL HEAT CONDUCTION
INTHE LAMINATE WITH THE FUNCTIONALLY
GRADED PROPERTIES
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Department of Structural Mechanics,
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Al. Politechniki 6, 90-924 + 64 Poland

The object of the contribution is the classical F@uheat conduction in the laminate
with functionally graded properties. The laminage made of two conductors, non-
periodically distributed as laminas along one dicet A macrostructure of the laminate
is assumed to be functionally graded along thigdion. In order to analyse heat
conduction, the tolerance averaging technique edu3he approach is based on the
book edited by Cz. Wamiak, Michalak andeHrysiak [10] and by Cz. Wmiak et al. [6].
The aim of this paper is to apply the tolerance eh@djuations of heat conduction for
laminate with functionally graded properties to lgsa two-dimensional stationary heat
transfer. The equations of the tolerance modetaleed by the finite difference method.

Keywords: heat conduction, functionally gradedilzates, tolerance
modelling.

1. INTRODUCTION

The main object under consideration is the lamimaséele of two conductors.
These conductors are distributed non-periodicdtip@the direction normal to
the laminas. Every lamina has the thicknkga is constant). It consists of two
sublaminas (the thickness of each sublamina changagery lamina). From the
macroscopic point of view averaged (macroscopicperties of this laminate
are continuously varied along one direction, cfg.Fila. However, the
microstructure of the laminate can be defined byesdalistribution functions,
which determine the thicknesses of sublaminagsigf.1b.

DCorresponding author. E-madllina.radzikowska@p.lodz.plirowski@p.lodz.pl
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The laminates of this kind can be treated as mddene functionally
graded materials (FGM), cf. Suresh and Mortensgn [9

There are many modelling techniques we can usesgearch thermo-
mechanical problems of the functionally graded mal® One of them is the
asymptotic homogenization. As an alternative apgrpdor FG-type materials
the higher-order theory was proposed by Aboudid®&ia and Arnold1] and
then with its reformulation by Bansal and Pinde2h In this paper we focus on
the tolerance averaging techniqube(tolerance modelling), extended on FG-
type materials in books edited by Cz. ¥k, Michalak andetrysiak [10] and
by Cz. Waniak et al. [6]. This technique was adopted to ys®lvarious
problems of FG-type materials and structures imesesf papers, e.g. for heat
conduction in transversally graded laminat€6 (aminates) by Xdrysiak and
Radzikowska [3, 4, 5] and in longitudinally gradsamposites by Michalak and
M. Wozniak [7], Michalak, Cz. Wegniak and M. Waniak [8]. Some additional
examples of applications of this technique for cosif@s can be found in the
books [6, 10].

a) the £' conductor b)

the ' conductor

o

the 2 conductor,

the 2 conductor

Fig. 1. A cross section of a laminate: a) the msoopic point of view,
b) the microscopic point of view

The main aim of this contribution is to apply theletance model
equations of heat conduction for laminates withcfiomally graded properties to
analyse stationary heat conduction.
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2. TOLERANCE MODELLING

2.1. Modelling foundations
Let subscripts, j related to the coordinate syst@ry, run over 1, 2. Introduce
denotationsd; as a derivative af; 0, as a derivative of. LetH be the laminate
thickness along thg-axis, andL be the length dimension along thexis. We
assume that the laminate under consideration oesupie regiorQx= on the
plane Oxy, whereQ=(0,H), ==(0,L). This laminate is made of two conductors
distributed inm laminas with the constant thickneas Properties of these
conductors are described by: specific heitg” and heat conduction tensors
with the components , k' i,j=1,2. It is assumed that the thickn@ssatisfies
the conditiol\<<H and is calledhe microstructure parameter. Everyn™ lamina
consists of two homogeneous sublaminas with thesegA’ and A\’ =A -\
which are not constant, cf. Fig. 1b. We can intoslihe material volume
fractions in then™ lamina defined asv'=\'/A, v'=\"/A. Sequence ¥.},
n=1,...m, is monotone and satisfies the conditjof, -V’ |<<1, for n=1,... m-1.
Becausev, +v" =1 sequencey’ } satisfies similar conditions. Sequences ],
{v'}, n=1,..m, can be approximated by continuous functiang), v"(:),
describing the gradation of material propertiesnglthex axis. The functions
v'(:), v"(-) can be calledhe fraction ratios of materials. Let us also define the
non-homogeneity ratio by(:) = [v'(-)v”(-)]*2 . Moreover, these functions'(’),
v"(), v(), are assumed to be slowly-varying, cf. the bodlted by Cz.
Wozniak, Michalak andetirysiak [10].

Let T denote the unknown temperature field. Moreover theat
conduction problem in the TG laminate will be asely in the framework of the
Fourier's model, i.e. described by the followingiation (without heat sources):

9,(kd,T)-cT =0. (2.1)

For the TG laminate all coefficients in equatiorif2i.e.k;=k;(x), c=c(x),
are highly-oscillating, tolerance-periodic, non-tonous functions irx. Using
the tolerance modelling, equation (2.1) can beacegad by the differential
equations with continuous, smooth, slowly-varyimgeficients, cf. the book
edited by Cz. Weniak, Michalak and etlrysiak [10] and by Cz. Wmiak et al.

[6].

2.2. Conceptsand assumptions

The tolerance modelling concepts, the modellingiaggions and the modelling
procedure can be found in books [6, 10]. Belowy dew of them are reminded.
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For an arbitrary integrable functioh (which can also depend oy),
defined inQ , the averaging operator is given by:

X+A /2

<f>(=n7[ f(e)ee (22)

for xO[A/2, H-A/2]. It can be shown that for the tolerance-pedddnctionf of
X, its averaged value calculated from (2.2) is avBlevarying function inx (cf.
the books [6, 10]).

The fundamental modelling assumption is mentioreddvi.

The assumption ithe micro-macro decomposition, in the following form:

T(xy) =8(x,y)+d(x)w(x,y), 2.3)

whered(-y), Y(-y) are slowly-varying functions. The basic unknowriunction
3(LYy) called the macrotemperature; an additional basic unknown ithe
fluctuation amplitude Y(LY); ¢(I¥ is the knownfluctuation shape function. The
function ¢(-) is assumed to be continuous, linear acrossyesablamina
thickness and of an ord&(A); it can be given by:

M3 \‘)’(();)) [2x+V"(R)] for xO(-A/2 =\/2+V'(X)
o(x) = - (2.4)
e \:’,,((f_()) [2x+V(Q)]  for xO(A/2-v"(X),\/2)

where X is a centre of a cell with a length dimensiprand it's independent
fromx, cf. the book [10].

2.3. Tolerance model equations

Using the tolerance modelling and denoting the smd&anctional coefficients:
K =<k, >, K,, =<k,, >, K=<k,0,> K=<k,0,00¢ >, we obtain the averaged
heat conduction equations in the form (cf. [3, B 5

al(K 6119)4‘ Kzz a2219 + al(R lIJ) =0,

o (2.5)
Koo +Ky-M?K,,0,p=0.

Equations (2.5) have the coefficients being slovdyying functions irx,
in contrast to equation (2.1), which has functipnabn-continuous, highly
oscillating coefficients. Some terms depend exyicon the microstructure
parametei.

Equations (2.5) together with the micro-macro degosition (2.3)
constitute the tolerance model of heat conduction for transversally graded
laminates. These equations take into account the effediehticrostructure size
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on heat transfer for these composites. It can Berobd that for the TG laminate
under consideration boundary conditions for the notamperatureé have to be
formulated on the edges0, H andy=0, L, but for the fluctuation amplitudg
only on the edgeg=0, L.

24. Applications: stationary heat conduction

Denote by k, =k}, =K', k/, =k}, =k" heat conduction coefficients in
sublaminas and introducing notations:

KO = vek+v ook, K(x)= 2v3u(x)(k -k"), K(x)=12v (k" +v"(x)k),
equations (2.5) take the form:

9,(Ka,9)+Ka 9+, (Kw)=0,
KOS +KY-Nv Ko, p=0.

Equations (2.6) together with the boundary condgiovere changed to
the system of differential equations. A special etinal program based on the
finite difference method was written by Mister ArtMVirowski. Using this
program, equations (2.6) were solved.

(2.6)

3. RESULTS

In this section some effects of conductor propertef. heat conduction
coefficients on the laminate temperature are ptesen

Let the layer thicknesd be coupled with the microstructure paramater
by the relationH=mA (m is the number of laminas). The fraction ratios of
materials are defined as the exponential functions:
1-exp@x/H) V() =1-v'(%)

1-exp@)

For the macrotemperatur@ we assume the following boundary
conditions:
a) as a parabolical functions - Fig. 2a and 3a,

Vi(x) =

9(x0)=9(x,L) = 10{%] —100& +25, 9(0,y)=9(H.y)= 10{%] —100% +25;
b) as a constant and a parabolical functions - Figarb3b,
9(x0)=9(x,L)=25, 9(0.y)=9(H.y) :10({%] —1oo%+ 25.

The boundary conditions are shown as a schema gn &,c. For the
fluctuation amplitudep the boundary conditions we assume as equal zero.
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Some calculation results are shown in Fig. 2-3.s€hglots are made for
L=H, m=20, thus the ratia/H=0.05. In a numerical program the division fbr
it is 4000, forL — 30. In Fig. 2 there are presented the temperatistributions
for the ratiok”/k'=10, but Fig. 3 shows plots of the temperaturetifar ratio
k"/k'=0.1.

a)

Fig. 2. Temperature distributions for the rdtfék'=10: a) for boundary conditions
shown as a schema in Fig. 4a; b) for boundary tiomdi shown as a schema in Fig. 4c.

a)

Fig. 3. Temperature distributions for the rdtf¢k’'=0.1:
a) for boundary conditions shown as a schema in4gig
b) for boundary conditions shown as a schema in4tig
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25000 = 23.913
23.913 = 23.258
a) 25 25 b) 23,258 = 22516 C) 25 25

22516 == 22,098

22.098 = 21.515
\_/ 21,515 =— 20,333
20,995 = 20,547
25 25 20,547 — 20,180 25 25
20,160 — 19.870
19.870 — 19.423
19.423 — 18.873

18.873 18.179

18.179 . 17.381
17.381 . 16.469
16,469 __ 15341
15.341 . 14.060
o5 25 14060 — 12,536
12.536 == 10.713
10.713 - 8.465
8,465 = 5.364

25 o5 5,564 — 0.000

25

25 25

Fig. 4. Schema of the boundary conditions for tlemtemperaturé (a), (c) and the
legend of the coloring plots (b).

4. REMARKS

Under the calculation results for the stationargtifo®mnduction, we can observe:
» Distributions of the temperature:

- depend on the differences between heat conduabefficientsk’, k”,

- are symmetric along theaxis,

- are not symmetric along thxeaxis, because of the laminas distribution.

The tolerance averaging technique it seems to beffactive tool to
research heat conduction in transversally gradedhktes.
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DWUWYMIAROWE ZAGADNIENIE PRZEWODNICTWA CIEPLA
W LAMINACIE O FUNKCYJNEJ GRADACJI WLASNGCI

Streszczenie

Przedmiotem rozwan pracy jest przewodnictwo ciepta w klasycznym, ferowskim
sformutowaniu, odniesione do laminatu z jednokikaws funkcyjm gradacy
wlasndci. Rozpatrywany jest laminat ziony z wielu dwuskfadnikowych warstw,
ktérego witaciwosci termiczne zmieniaj sie funkcyjnie w kierunku prostopadiym do
laminowania. W pracy zelio sk przypadkiem, gdy gruldé warstw jest stata, a kda
warstwa zlgona jest z dwdch eych, jednorodnych i izotropowych materiatéw.
W skali makro wilasnéi laminatu zmieniaj sie w sposéb cigly i gtadki wzdhe
kierunku prostopadiego do laminowania. W mikroskathinat ma budow okreilona
przez jednorodne funkcje rozktadu materialéw, dobrdak, aby ssiednie warstwy
»,malo” si¢ od siebie rénity. Celem pracy jest analiza stacjonarnego, dwuigyowego
zagadnienia przewodnictwa ciepta zydem techniki tolerancyjnego stedniania.
Technika ta pozwala zagi¢ rownanie przewodnictwa ciepta o silnie oscytyich,
nieciaglych  wspditczynnikach  funkcyjnych  uktadem  réuina rézniczkowych

o wspotczynnikach funkcyjnych gtadkich i wolnozmigieh. Otrzymany uktad réwmna
rozwiagzano metoa roznic skaczonych. Przedstawiono rozktady temperatury
w zaleznosci od proporcji mgdzy wspotczynnikami przewodzenia ciepta, przymych
warunach brzegowych.
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THE EFFECT OF THE ADDITION OF CELLULOSE
ON THE QUALITY AND THERMAL PROPERTIES
OF STRAW BEDDING

Oryna SEOBODZIAN-KSENICZ
University of Zielona Géra, Faculty of Civil and Hironmental Engineering,
Institute of Environmental Engineering
Szafrana st 15, 65-516 Zielona Géra, Poland

The objective of the study was to determine theatffof the addition of recycled
cellulose on the quality and temperature of thavetbedding. Starting from week 2 of
the production cycle temperatures were registengidtlae degree of encrustation of both
the cellulose and straw bedding was determined. Tk#ulose bedding was
characterized by higher temperatures throughouptbduction cycle except for weeks
10., 12., 13. and 14. The warmer bedding meantttieatippearing encrustation did not
restrict the diffusion of vapour and gases. It bibd more beneficial, aerobic
conditions for exothermic processes. The narrowan ®f temperatures indicates a more
uniform temperature of the cellulose bedding. Theelf reared on the warmer and
better-quality cellulose bedding reached highealfbody weight.

Keywords: recycled cellulose, straw, bedding, esiation, temperature

1. INTRODUCTION

The deep litter systems of managing animals arengntbe most commonly
used in poultry production2[ 11. The litter is primarily used to ensure the
animals proper isolation from the floor as well msisture absorbency and
evaporation [1]. Excessive moisture in the beddiag lead to its lumping and
even the forming of thick compact crust on its acef [2, 4, 8]. Cold and low-
guality bedding contributes to muscles and feetditimms in poultry (FPD),
plumage defects or breast blisters, which lowerctreass clas§[13].

Therefore, good bedding material should, as longitas possible,
preserve its physical structure conducive to thusion of the bedding - air
gases as well as provide the animals with warmcanafortable lying area.

The quality and temperature of the bedding is irfgdrnot only during
growing but also during the fattening stage as aflsrare in direct contact with
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it and also because currently bred broilers are teterant of unfavourable
environmental conditions [8, 9, 12].

Of numerous bedding materials (incl. sand, woodigiga, corncobs, tree
bark) [5] straw is the most frequently used one T3, Since straw is
characterized by very average sorptive propertiesyder to improve those, a
variety of supplements are added to the straw beddi, 10]. As confirmed by
research, straw beddings with the addition of broaal and a bacterial vaccine
were characterized by higher temperatures, whichbeaeficial for their quality
[11].

The objective of the study was to determine theatfbf the addition of
recycled celluloseon the quality and temperature of the straw begldiaring
the growing and fattening of turkey pullets in theg fattening system.

2. MATERIALSAND METHODS

The study was conducted at a livestock facility turkey house, consisting of

two sectors, 550m? of area each. The first secaw haid with a 10-cm layer of

rye straw, the humidity of this layer was 8% (CS&ntrol straw bedding). The

other sector was laid with a 5-cm layer of ryewtstrewn with a 5-cm layer of

recycled cellulose, and the humidity of this layess 6,5% (RCB - recycled

cellulose bedding). In either type of bedding,epnresentative places (not in the
vicinity of feeders and drinkers or along the sid#svand endwalls) a set of two
probes were installed at the depth of 5 cm to nreabhe temperature.

The probes were connected to the HOBO recorder. fHuerded
temperature values of the studied bedding typesigirout the production cycle
were analysed with the BoxCar Pro 4.6 program.

On so-prepared beddings 6000 one-day-old BIG-6eturkens were
placed in each sector respectively.

The production cycle lasted 15 weeks and at wedke7stock’s density
was reduced

The feeding, watering, heating and ventilation eayst as well as the
lighting and feeding programmes in both sectorewiee same.

Starting from week 2. of the production cycle, gveweek, in 6
representative places in either sector, the degfreacrustation was determined
according to a 10-point scale, on which each fadlhgwdegree includes the
previous ones:

0 - no encrustation,
1- an approx. 20-cm ring of encrustation around feedad drinkers,
2 - a50-cm strip of encrustation along the endwalls,

1 In this experiment the cellulose was used in dnfof a wad, which is safe for the
health and welfare of turkeys.
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3 - invisible yet foot-detectable crust on 50% of tleelting surface,
4 - invisible yet foot-detectable crust on 80% of tleelting surface,

5 - invisible and thin yet foot-detectable crust on %06f the bedding surface,

6 - as above but crust readily detectable for fe&icm thick,

7 - visible patches of crust on 50% of the beddingasugf(approx. 5cm thick),
8 - visible patches of crust on 100% of the beddindeser (approx. 5cm

thick),

9 - 100% of the bedding surface covered with hard camngast (approxs

7cm thick),

10 - as above but the crust approx. 10cm thick.

After the production cycle had been finished, saspif the bedding were
taken in order to determine its moisture levelsni@d measurements of the
temperature and air humidity inside the buildingthe animal area, were also
taken. With the production cycle finished, the bildody weight was measured

by weighing approx. 1900 heads from either sector.

For statistical analysis the STATISTICA 9.1a. paogrsuite was used.

3. RESULTSAND DISCUSSION

Table 1. compares the mean temperature valuebdarellulose bedding (RCB) and the

straw bedding (CSB) in the analysed weeks of tbdyxtion cycle.

Bedding type
Week of production cycle RCB | CSB

Temperature®C]
Il 29,5 28,6
1] 28,6 27,9
v 25,8 22,6
Vv 24,3 22,1
VI 23,3 20,5
VI 22,1 20,5
VI 21,3 20,5
IX 20,5 19,7
X 19,7 20,0
Xl 19,9 19,9
Xl 20,1 20,1
Xl 20,2 20,6
XV 20,3 20,7
XV 20,4 20,3

Source: author's calculations
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As confirmed by the data in table 1. the cellulbselding, as compared
with the straw bedding, was characterized by higtemperature values
throughout the production cycle except for weeks 18., 13. and 14.

At weeks 2. and 3. of the turkeys' growing the terapure of RCB was
higher than that of CSB by 0,85 and 0@ Xespectively. The statistical analysis
showed that these were not statistically significhfierences.

The temperature of RCB at weeks 4. and 5. was hitjlae that of CSB
by 3,2 and 2,1% respectively. These were statistically highly ngfigant
differences (p<0,001).

In the subsequent weeks 6. and 7. of the producyole the temperature
of RCB was higher than that of CSB by 2,78 and C6&spectively. These
were statistically highly significant differencgs<(Q,001).

At weeks 8. and 9. of the fattening stage the teaipee of RCB was also
higher than that of CSB by 0,98 and 0@ 2espectively. The statistical analysis
showed that these were not statistically significhfierences.

At week 10. of the production cycle the temperatfrRCB was lower by
0,33C than that of CSB. This was not a statisticalgniicant difference.

At week 11. of fattening the temperatures of thelistd bedding types
were similar (difference: 0,08). At weeks 12., 13. and 14. of the production
cycle RCB was characterized by lower temperatuteegathan CSB, however
the differences of 0,06, 0,42 and W4respectively were not statistically
significant. In the last week 15. of the fattenstgge the temperature of RCB
was higher than that of CSB by @3 This was not a statistically significant
difference.

In the course of the production cycle the tempeeatwf both bedding
types were decreasing - the drop was €0lBr RCB and 8,3% for CSB. The
decreasing temperatures of the beddings are pdudy to the fall in air
temperature in the turkey house (from 3€,% 18,2C in the RCB sector and
from 34,8C to 15,7C in the CSB sector). A decrease in temperaturéhef
bedding during the production cycle is beneficial growing animals are
becoming less particular about thermal conditidhgy can also give up the
excess of heat to the colder litter.

Higher temperatures of both bedding types startuitp week 12. of
fattening despite lower temperature values of thérenment indicate that there
were exothermic processes taking place in bothihgdd
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Table 2. compares the minimal and maximum temperatalues of the studied bedding
types and the temperature spans in the analysekswééhe production cycle.

Week of RCB | CSB
production Temperature®C]
cycle Min Max R Min Max R
Il 27,89 30,39 2,5 27,18 30,25 3,07
11 27,21 29,76 2,55 26,49 30,55 4,06
v 24,34 27,14 2,80 21,46 23,73 2,217
\Y 22,65 25,82 3,17 21,33 23,15 1,872
VI 22,51 24,45 1,94 16,49 21,84 5,35
Vil 21,26 22,67 1,41 18,28 21,70 3,42
il 20,40 22,71 2,32 18,28 21,52 3,24
IX 19,45 21,89 2,44 19,04 20,78 1,74
X 19,11 20,71 1,60 19,12 20,64 1,56
Xl 18,10 20,75 2,65 18,54 20,87 2,33
Xl 19,55 20,30 0,75 19,58 20,46 0,88
Xl 19,58 21,15 1,57 19,89 21,27 1,38
XIV 19,79 21,14 1,35 20,14 21,75 1,61
XV 19,24 21,21 1,97 19,98 21,20 1,272

Source: author's calculations

At weeks 2., 3., 6., 7., 8. and 14. of the productcycle RCB was
characterized by a narrower spans of temperathees €SB. At weeks 10., 12.
and 13. temperature spans were similar for both RABCSB.

At weeks 4., 5., 9., 11. and 15. of the productoycle the cellulose
bedding was characterized by a wider span of teatpess as compared to CSB.

The narrower span of temperatures of the RCB (féor® to 3,17°C) as
compared to CSB (from 1,22 to 5,35°C) points toaewuniform temperature of
the bedding with the addition of cellulose.

Beddings with even temperatures create more béalefionditions for a
uniform distribution of birds over the whole arefatloe house, especially in the
initial weeks of the cycle.

Table 3. Degree of encrustation of cellulose begl@®CB) and straw bedding (CSB) in
the consecutive weeks of production cycle [10-psaate]

Week of production cycle
Bedding VI [Vl XU XX
type i (v [v (vl | | IX | X | Xl | | v XV
Degree of encrustation on 10-point scale
RCB 0| o O 2| 1| 2 3| 5 5 6 1 9 1p 10
CSB 0| 1| 2| 4 4| 6 7 § 9 (1) 10| 10| 10| 10

Source: author's calculations
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Table 3. presents the degree of encrustation oftildied bedding types
in the analysed weeks of the production cycle hin dellulose bedding the first
signs of encrustation were observed at week Shetycle, whereas in the straw
bedding already at week 3. of the growing stagee pfocess of encrustation
advanced consecutively on both bedding types buhmore slowly so on the
cellulose bedding than on the straw bedding. It was until week 14. of
fattening that the cellulose bedding was covereth wiick compact crust
(degree 10), whereas on the straw bedding degreef Edicrustation was found
at week 11. of the cycle.

The more slowly advancing encrustation of the ¢edie@ bedding did not
restrict the diffusion of vapour and gases betwihenlitter and the air in the
building, thus the cellulose bedding exhibited mdoeneficial, aerobic
conditions for exothermic processes. It was cordaniby the lower moisture
level in RCB (58,2%) as compared with CSB (59,9%Well as by the higher
temperature levels of RCB than CSB (except for feeeks).

The final body weight of turkey hens reared on wemer and better-
quality cellulose bedding was 10,59 kg and was dnidly 0,56 kg as compared
to the hens reared on the straw bedding (10,03 kg).

4. SUMMARY AND CONCLUSIONS

The conducted study has shown that in the firseiseveeks of the production
cycle the cellulose bedding was characterized ghdri temperatures than the
straw bedding. The statistical analysis showed tiattemperature differences
between RCB and CSB were highly significant at veedk, 5., 6. and 7

(p<0,001).

Due to higher temperatures the cellulose bedding subject to slower
encrustation, with degree 1 of encrustation nohébuntil week 5. of the cycle,
whereas at the same time in the straw beddingéthed degree 4.

At weeks 8., 9., 11. and 15. of the cycle the tematpees of the cellulose
bedding were higher than of the straw bedding, thet statistical analysis
showed that these were not statistically significhfierences.

At weeks 10., 12., 13. and 14. of fattening thdute$e bedding was
characterized by lower temperature values thastiiaev bedding. The statistical
analysis showed that these were not statisticajhjifscant differences.

Despite slightly lower temperatures the cellulogelding was still subject to
slower encrustation than the straw bedding, whichieek 11. was covered over
its whole area with thick compact crust (degree. e last degree 10 of
encrustation was not found in the cellulose beddimgjl week 14. of the

fattening stage.

The more slowly advancing process of encrustationthie cellulose
bedding than in the straw bedding did not resthet diffusion of vapour and
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gases between the litter and the air in the bugldthus the cellulose bedding
exhibited more beneficial, aerobic conditions fowthermic processes and
water evaporation. With the production cycle firidhthe cellulose bedding was
less moist than the straw bedding.

The narrower span of temperatures of the cellubeskling as compared
to the straw bedding points to a more uniform terapee of the bedding with
the addition of cellulose.

Beddings with even temperatures create more bage@ienditions for a
uniform distribution of birds over the whole ardate house.

The flock reared on the warmer and better-qualgjlutose bedding
reached higher (by 0,56 kg) final body weight thihe flock managed on the
straw bedding.
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WPLYW DODATKU CELULOZY NA JAKOSC | WLASNOSCI TERMICZNE
PODLOZA SLOMIASTEGO

Streszczenie

Przeprowadzone badania mialy na celu f&krde wplywu dodatku celulozy
pochodacej z recyklingu, na jaké i wlasndci termiczne podiza stomiastego.
W sektorze RCB indyczki utrzymywano na stomie autteda, w sektorze CSP tylko na
stomie (sektor kontrolny). Od drugiego tygodnia leylprodukcyjnego rejestrowano
temperatury oraz okélmno stopié zaskorupienia podia celulozowego i stomiastego.
Podiae celulozowe miato wisze temperatury w calym cyklu produkcyjnym,
z wyjatkiem 10., 12., 13. i 14. tygodnia. Na cieplejszgodiazu celulozowym wolniej
powstajca skorupa nie ograniczata dyfuzji pary wodnej zG@a Panowaly w nim
korzystniejsze, aerobowe warunki dla przemian egmitznych. Wzsze obszary
zmienndci temperatur wskazgj na bardziej wyréwnan temperatut podiaza

z dodatkiem celulozy. Stado utrzymywane na ciepjgjsoraz o lepszej jakoi podtazu
celulozowym osigreto wyzsze masy kacowe.
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COMPARISON OF THE CALCULATION RESULTS
OF HEAT EXCHANGE BETWEEN A SINGLE-FAMILY
BUILDING AND THE GROUND OBTAINED WITH THE
QUASI-STATIONARY AND 3-D TRANSIENT MODELS.

PART 1. CONTINUOUSHEATING MODE
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University of Zielona Géra, Faculty of Civil and @ronmental Engineering,
Institute of Building Engineering
Szafrana st 1, 65-516 Zielona Géra, Poland

The paper provides comparative results of calanatof heat exchange between ground
and typical residential buildings using simplifi¢guasi-stationary) and more accurate
(transient, three-dimensional) methods. Such cheriatics as building’'s geometry,
basement hollow and construction of ground touchitsgemblies were considered
including continous heating mode. The calculatianth simplified methods were
conducted in accordance with currently valid noBN-EN ISO 13370:2008Thermal
performance of buildings. Heat transfer via the wrd. Calculation methods.
Comparative estimates concerning transient, 3Dt Hieav were performed with
computer software WUFI®plus. The differences oftheechange obtained using more
exact and simplified methods have been specifierasult of the analysis.

Keywords: heat transfer via the ground, quasi-atatiy calculations, transient
heat flow, continous heating mode

1. INTRODUCTION

The heat flow process in the ground is generabygient, three-dimensional
and boundary conditions are very complicated.

Recent methods up to the current standard [12}tlagid derivatives [10],
[11] regarding heat exchange between a building argtound are based on

" Corresponding author. E-mai.Staszczuk@ib.uz.zgora.pl
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guasi-stationary method developed in the eightiessdentury by Hagentoft [4],
[5], [9] and completed by Anderson [2], [3].

This method assumes harmonic boundary conditionauAl temperature
course including both external and internal temjpees should be in the shape
of sinusoid. Indeed, typical mean year pattern ofeo air temperature for
European location (see Figure 1) can well be apprated by sine curve. If the
real conditions, however they are not compatiblehwihis assumption,
calculations results may become not accurate ahdderuate to simulate heat
flow between the building and the ground.
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Fig. 1. Yearly pattern of air temperature in Cracow

In this paper the impact of building’'s geometry,séaent hollow,
construction of ground touching assemblies weresidemed to asses the
possible error using quasi-stationary calculatiahuods for heat exchange with
the ground.

Calculations were done for buildings heated comtirsly according to
assumptions in Hagentoft's method (internal air gerature is constant and
amplitude of internal air temperature is assumed)ze

The other cases: intermittent heating (cut off 1@ p 6 a.m) and reduced
heating (with long break e.g. holiday) will be tied (covered) in Part Il of this
article.
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2. MATERIAL AND METHODS

2.1. Calculation tools

Calculations according to PN-EN ISO 13370:2008 [@2}e carried out using
Microsoft® Excel® software. For calculations of nssent, 3D, heat flow

through the ground the computer program WUFI®pluaswused. The

calculations are based on control volume heat lbalamethod [7]. Division of

heat conducting space into balance-differentiainelgs with variable grid is

done automatically by the program. To obtain réalipredictions of the

internal air temperature (especially during intetemt heating), the buildings
were calculated with full thermal coupling with tigeound. The basement is
considered as integral part of the heated buil@nzpne model).

The example of modeling of surrounding ground amiting for thermal
calculation in WUFI®plus software is shown in Figu2. Thermal coupling is
established by defining of internal air temperataseboundary condition for
floor and basement walls inside the building. Heathange with these
assemblies is attributed to zone air node. At cedstance from the building
(at least half of a width and at least of a lenght)ertical adiabatic surface is
assumed (no horizontal heat flow). Horizontal adtabsurface (no vertical heat
flow) is assumed at 10m below floor level (at ti@gel ground temperature is
assumed to be equal to average external air tetopeya

‘internal climate
i

external climate

adiabatic

Fig. 2. Modelling of building and ground in WUFI® software:
a) building construction, b) 3-D model of surroumglground.

2.2. Assumptions

The parameters of statistical climate recently tgped for Cracow City by
Gawin & Kossecka [8] were used as an external bagndondition for the
building and ground. The buildings were calculatatl thermally according to
the WUFI®plus model (www.WUFI.de), using 1 hour &nstep. Inner air
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temperature was obtained iteratively from heatrideof conditioned zone. The
heat balance consists of heat exchange with theematlope including floor

and basement walls, ventilation, solar and integzahs according to EN-ISO
13790 standard [6]. Despite variable spatial divisihe number of differential
ground elements extended from about 100 to 160stmll Set point of inner air
temperature of 20°C and minimal air exchange rafie@ACH were assumed.

2.3. Cases
Three types of typical ground-floor residential Idings, characterized by
different geometry (see Figure 3) were considered.

Observing tendency in the development of the modengle-family
housing in Poland, small buildings about the footgrfloor area not exceeding
100 nf were chosen for analysis. The shapes (footprams) main dimensions
are shown in Figure 3. Thermal insulation level aidftside and inside
components follows Polish regulations.

Building 1 Building 2 Building3 |,
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Fig. 3. Shapes of analyzed buildings.

For each building three cases of basement holloke wensidered:
- slab on ground (z = 0 m),
- basement (height 2,2 m, z=1.0 m),
- basement (height 2,2 m, z=1.5 m),

where “z” means the depth of cellar floor belowwgrd level.

In addition every case includes two scenarios ghesontact construction:
a - thermally not insulated,
b - thermally insulated (slab on ground insulateith 0 cm EPS, edge
vertical insulation 10 cm EPS - 0.7 m depth, fland basement walls
thermally insulated with 5 cm EPS).
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3. NUMERICAL ANALYSIS

3.1. Building and ground characteristics
In the Tables 1 and 2 the geometry and assemblgtremtion of exemplary
buildings are presented. The same assemblies atediahaata were assumed in
everyone of the presented buildings.

According to PN-EN ISO 13370 standard recommendatioermal
conductivity for groundi=2,0 W/(m-K) and thermal capacity-c=2,0-16
J/(m3-K) were used.

Table 1. Building geometry

Specification Building 1 | Building 2 | Building 3
P Rectangular| ,L-shaped” | ,T-shaped”

Floor area [l 74 74 94
Net volume [m:
- building with floor on ground 252 252 319
- building with basement 447 447 605
Floor perimeter [m] 35 39 47
Characteristic dimension* B’ 4,32 3,79 4,03
AV coefficient:
- building with floor on ground 1,14 1,18 1,15
- building with basement 0,80 0,84 0,82

*B = floor area/(0,5permieter lenght)

Table 2. Assemblies and materials

- . U
Building component Material Wm? K
Outer wall 29 cm MAX hollow ceramic 0,29
bricks + 10 cm EPS
Floor on ground Concrete 10 cm 4,30
Foundation Concrete 29 cm 3,13

Floor on ground thermally insulated | Concrete 10 cm + 10 cm EPS|+ 0,36
Concrete 5 cm
Foundation thermally insulated Concrete 29 cm + 10 cm EPS 0,35

Basement floor on ground Concrete 10 cm 4,30
Basement floor on ground thermally | Concrete 10 cm + 5 cm EPS|+ 0,66
insulated Concrete 5 cm
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Table 2. Assemblies and materials

- . U
Building component Material Wm? K

Basement wall Concrete bricks 24 cm 2,19

Basement wall thermally insulated Concrete bricks 24 cm + 5 cm 0,57
EPS

Ceiling up to unheated attic OSB plate + 18 cm mineral 0,20
wool + plywood 2 cm

Ceiling inside balanced zone Reinforced concrete 15 cm +|5 0,55
cm EPS + 5 cm concrete + 2 gm
hard wood (parquet floor)

Windows Double glazing 1,99
SHGC (average) = 0.53

3.2. Calculations

Transient heat flow calculations were made for argeperiod. First year of
simulation was used only to define proper initiandition (temperature
distribution) in the ground and was not taken imtoount.

Hourly pattern of both internal and external amperature obtained with
WUFI®plus (transient 3D) calculations was usedeaéiree mean year value and
amplitude (sine curve for PN-EN ISO 13370 calcolatifor every building type
and case.

Due to summer overheating inner air temperaturenbazero amplitude,
even by constant heating throughout a year. Sorastihowever, inner air
fluctuations are disregarded when calculating atiogr to the PN-EN I1SO
13370 standard. Therefore two kinds of comparatigkeulation were made,
with and without considering the variation of mdgthmean internal
temperature.

4. RESULTS

To assess influence of the chosen factors on tlellaions accuracy of heat
exchange between building and the ground, transieait flow® [kW] obtained
with WUFI®plus (transient 3D method) was monthlyeeaged and compared
with the results obtained according to the PN-ER IE3370 standard (quasi-
stationary method).

As a results of analysis, heat exchange betweddihgiand the ground
Q [KWHh] for particular month and for the whole heatiseason were presented.
Percentage value of difference between presentdtbaewas calculated as:
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Q1 -Q3
AQrg =~
Q3
a Q. -Q
ﬁz—s =<2 =3
Q3
where:
Q: — heat exchange according to quasi-statiomsthod without variation

of monthly mean internal air temperature, internal temperature
assumed constant [kWh],

Q. — heat exchange according to quasi-stationary adethith variation
of monthly mean internal temperature adopted fronWRI®plus
calculations [kWh],

Qs — heat exchange according to transient 3D oakftkWWh],
AQ.3— relative between quasi-stationaryX@nd transient 3D (§) methods
[%],

AQ,,— relative between quasi-stationary,@nd transient 3D (£§) methods
[%],
taking that into account transient 3D method iseraxcurate.

Additionaly, statistical parameters such as: stethddeviation §) and
correlation coefficientr) were calculated regarding 7 months of heating@ea
Graphical interpretation of obtained results irtisteal approach was presented
in box-plots.

As expected, adjustment of the internal temperapnevided better
results, i.e.4Q,3 deviations are generally smaller thetQ,; However
differences betweenQ; ; and4Q,; are almost negligible. It means that in case
of continuous heating internal temperature canéb&snstant with no effect on
the heat loss to the ground. Therefore, in thispamly differencedQ;.; were
presented and indicated later om&x

In Table 3 calculation results of heat exchangeveen a building and the
ground in heating season for the all considereddimgis and cases were
presented including both quasi-stationary and tesh8$D method.

The most comparable results can be noticed in d@se of insulated slab
on ground and both not insulated and insulatedreast (differences are not
greater than +10%) in the all considered types wifdings. However, heat
losses through not insulated slab on ground catedlaith simplified method
varies from 20% in the case of Building 1 (Rectdaguand Building 2 (L-
shaped) to 30 % in the case of Building 3 (T-shaped
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Table 3. Calculation results of heat exchangeai@ Q) between the building and the
ground in the heating season in Cracow.

Heat exchange between
building and the ground Differencesin calculations
Quasi- Transient 3D| of heat exchange between building
Scenario stationary method and the ground
method
Q Qs AQ
kWh kwh | % | |
BUILDING 1
Slab on the ground
a 4231,00 3552,11 678,89 19,11 58{15 0,996
b 1086,75 1065,67 21,07 1,98 32,19 0,991
Basementz=10m
a 6782,06 6487,09 294,98 4,55 69/62 0,967
b 3220,79 3255,96 -35,17 -1,08 1498 0,995
Basementz=15m
a 7152,45 7243,38 -90,88 -1,25 66,58 0,968
b 3499,10 3688,19 -189,09 -5,13 1374 0,993
BUILDING 2
Slab on the ground
a 4517,71 3651,92 865,79 23,71 72|65 0,995
b 1091,93 1073,28 18,656 1,74 38,02 0,990
Basementz=1,0m
a 7367,71 6924,71 443,00 6,40 85/21 0,986
b 3430,73 3450,50 -19,77 -0,%7 20656 0,994
Basementz=15m
a 7783,58 7749,28 34,35 0,44 8259 0,964
b 3744,50 3924,81 -180,31 -4,59 18,89 0,992
BUILDING 3
Slab on the ground
a 5563,29 4354,25  1209,04 27,7 90j45 0,093
b 1383,27 1335,67 47,60 3,56 46,29 0,988
Basementz=10m
a 9000,10, 8136,18 863,91 10,06 106}77 0,065
b 4228,85 4096,62 132,22 312 23099 0,994
Basementz=15m
a 9500,31 9193,78 306,53 3,833 105/07 0,962
b 4605,57 4692,01 -86,44 -1)8 216 0,992

Statistical analysis confirms above consideratiqsee Figure 4).
Distribution of differences between analyzed meghgduasi-stationary and
transient) is approximately zero in the case ofilstged assemblies touching

ground.
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Fig. 4. Differences in heat exchange calculatid®s[%] in heating season and their
statistical interpretatiorbfx-plotg.

5. CONCLUSIONS

All considered in the paper factors such as bujdingeometry, basement
hollow and construction of ground touching asseewslhave some (less or
more) influence on calculation accuracy of quaaiisnary method according
to Hagentoft assumptions including continous heatnode.

The highest differences (up to 30%) independeriudifling type occur
in the case of uninsulated slab on ground. Howesemparative analysis of
different calculation methods carried out by Adjetiall [1] have shown, that
calculations according to simplified methods candpunder- or overestimation
on such level.

Thermal insulation of assemblies touching ground buoilding hollow
caused incresase of the quasi-stationary calcualatiocuracy. It is to be
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supposed that thermal insulation of slab on grofmahdations, basement floor
and walls, and building hollow decrease influentéaundary conditions on
heat exchange between building and the ground.d&dpesignificant in the
case of slab on the ground. Furthermore, themsallation doesn’t only reduce
both 2-D heat flow at the floor perimeter and 3-€ahflow in the corners, but
according to quasi-stationary method it additionalecreases the impact of
building’'s geometry on calculation accuracy. Theffedences between
rectangular L-shaped and T-shaped building arelsmalomparison with the
general accuracy.

Taking into account the above mentioned, as wellmase and more
restrictive requirements concerning thermal praoectf buildings, the analysis
of uninsulated assemblies seems to be uselesdsdtcancerns assemblies
touching ground. However, the results of reseat&h ¢arried out by the author
of this paper have shown, that complete or paréaign from ground thermal
insulation, directly utilizing ground heat storagggpacity, seems to be the most
promising solution for decreasing internal air temgture in one-storey
residential buildings during the long periods ofywhigh summer temperatures
in moderate climate regions.

Generally, differences between analyzed methodsidered not exceed
+10% and quasi-stationary calculations according Pf-EN 1SO 13370
standard (Hagentoft assumptions) may be usefuligmerring practice.

Appropriate method and calculation tools for assess of heat loss to
the ground come into prominence in energy-savind) @noecological building
design according to sustainable development paradig
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POROWNANIE WYNIKOW OBLICZEN WYMIANY CIEPLA
JEDNORODZINNEGO BUDYNKU MIESZKALNEGO Z GRUNTEM
UZYSKANYCH ZA POMOCA METODY QUASI-STACJONARNEJ ORAZ
MODELU NIESTACJONARNEGO TROJWYMIAROWEGO.

CZESC |: OGRZEWANIE CAGLE

Streszczenie

W artykule przedstawiono poréwnanie wynikéw oblicze&ymiany ciepta typowego
budynku mieszkalnego z gruntem z zastosowaniemdyejaasi-stacjonarnej i metody
uwzgkdniajacej w petni niestacjonarny, tréjwymiarowy przephmiepta w gruncie.
Celem analizy obliczeniowej byto oktenie wptywu wybranych czynnikéw takich jak:
geometria budynku, poziom zabtenia budynku w gruncie oraz konstrukcja przegrod
stykapcych sé z gruntem na dokladké obliczer wymiany ciepta za pomacmetod
quasi-stacjonarnych uwzglniajac ciagly tryb ogrzewania budynku. Obliczenia z
zastosowaniem metody uproszczonej przeprowadzoodnig z aktualnie obowazujaca
norma: PN-EN ISO 13370:2008W celu przeprowadzenia szczegétowych oblicze
numerycznych opracowano model wymiany ciepta budynkermicznym spezeniem z
gruntem, oparty na metodzie bilanséw elementarnystanowicy integralm cze$é
programu komputerowego “WUFI®plus”. Rezultatem @yaporéwnawczej sréznice

w wymianie ciepta okrdonej z zastosowaniem obu metod obliczeniowych.
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