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Abstract

Acoustic climate in the vicinity of transportation routes is mainly affected by traffic noise. Traffic volume is decisive
as regards noise emissions. Other contributing factors include road geometry and motion conditions, namely vehicle
speed and the share of heavy vehicles. Every part of the road in the city has unique characteristics with respect to
motion character, the route surroundings, and also every-day noise creating the so-called acoustic background. The
paper presents the analysis of the results of traffic noise surveys on the example of a part of Sandomierska Street w Kielce.
On a weekday, two one-hour surveys were performed, intended to measure traffic volume and to record sound levels. In
the surveys, meteorological conditions were taken into account. On the basis of the data collected, the relations between
the number of vehicles in motion, type of vehicles, travel direction and the noise recorded in the road were established.
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1. Introduction

Noise, which is a common phenomenon,
accompanies practically all aspects of human
activities. A high level of noise pollution impairs
the quality of life, and it makes working, studying
and resting harder. Noise pollution produces many
negative health effects [1]. It is also one of the major
sources of the natural environment degradation.
Unfavourable acoustic climate is most commonly
found in cites, where the majority of the population
live and work. It is estimated that approx. 54% of
the residents of Poland’s major agglomerations
complain about the outside noise, mostly generated
by transportation [2]. As many as 23% of trunk roads
carrying mainly freight traffic, which is particularly
harmful, run through built-up areas [3].

Each part of the road shows a specific and unique
acoustic climate, which varies depending on many
factors related to vehicular traffic, the road itself and its
surroundings, and also to atmospheric conditions [4-7].

When the city’s acoustic climate is analysed,
the most interesting thing is the cumulative effect
produced by multiple noise sources, namely vehicles
in motion. At a certain level of traffic congestion,
noises generated by individual vehicles superpose.

Therefore, a road can be treated as a conventional,
surface noise source [6]. The noise level recorded at a
transportation route constantly varies in time. It is not
possible to properly assess this level when the values
that occur at only certain moments are known.

To deter mine the values of noise that characterise
arbitrary reference times assumed by the researcher,
equivalent levels were introduced. The equivalent
sound level A is a noise measure using the
A-weighting setting, the level of the acoustic pressure
of the continuous steady sound, which in the specified
time interval T has the same root mean square of the
acoustic pressure, as the analysed sound, the level
of which varies in time [8]. Equivalent sound level
A-weighted for the time interval T is also called
average sound level with the averaging time denoted
with an indicator, e.g. Lalh, which indicates one-hour
average sound level. The equivalent sound level is a
basic indicator in the numerical description of the
acoustic climate [9].

Converting the values of noise levels, usually
recorded every second, to the equivalent sound
level is possible due to computations performed in
accordance with formula (1).
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where: N — the number of acoustic situations for the
time interval T, L,, — the sound level at the time t,
T — equivalent sound level deter mined time.

Equivalent sound levels largely depend on vehicle
motion structure. The noisiest vehicles are those
categorised as heavy, and also motorcycles. The sound
level generated by those ranges from 79 to 98 dB.
Passenger cars are slightly less noisy, as when they are
in motion, noise level from 70 to 84 dB is recorded
[10]. Because of an enormous traffic volume and a high
share of heavy vehicles, in large cities, measurements
of noise level are taken on regular basis [11]. The
measurement results are continuously monitored, and
when admissible values given in [12] are exceeded,
penalties are imposed on road operators [13]. Various
noise reduction strategies, relying on different methods
and means, have been continually devised [14].

One of the projects undertaken recently by the local
authorities in Kielce, aimed at improving the acoustic
climate, has been the construction of the new section
of the road S74. Prior to providing an alternative
route, freight traffic travelling from east to west was
directed along Sandomierska Street in Kielce, then
having the status of the trunk road.

The aim of the survey presented in the study was to
analyse and evaluate the acoustic climate produced
by vehicular motion, currently found in the vicinity
of the selected part of Sandomierska Street. Special
attention was paid to heavy traffic volume, and also
vehicle type and travel direction structure.

2. Survey methods
2.1. General information

Measurements were taken in the Sandomierska
Street, which currently has a status of a major road,
in Kielce. Measurements were conducted in the road
section between the junctions with Daleka and Slaska
Streets. In the part of concern, the roadway grade
is 2% towards the city centre. Sandomierska Street
has two roadways, each carrying three traffic lanes.
Between the roadways, 2.5 m wide central reserve is
located. The road part is flanked, both on the left and
the right sides, by low buildings offering different
services, institutional buildings and a permanent
residence, special education care centre. Buildings
are located a few meters from the roadway edge.
The Sandomierska Street section, near which the
measurements were taken, is shown in Figure 1.
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Fig. 1. View of the Sandomierska Street section
[fot. M. Stepien]

The date of the survey was selected to be a
weekday, Wednesday, 5 February 2014. While
obtaining acoustic and motion data, meteorological
conditions, including air temperature, relative
humidity, atmospheric pressure and wind velocity
were also specified. The monitoring of traffic noise
was accompanied by gathering data on traffic volume,
vehicle structure and travel direction. The data were
collected for two hours. Representative hourly time
intervals were deter mined on the basis of traffic
volume distribution, which was thoroughly studied
by taking initial measurements. On the day preceding
the final data acquisition, information on motion
in the part of concern was collected. The results of
the analysis of the traffic volume data were used to
schedule the ti ming of measurements. The first time
interval selected for the survey was the morning rush
hour, namely 10:00AM-11:00AM. The other time
interval, with the heaviest traffic load, was in the
afternoon between 03:00PM and 04:00PM.

The measurements were taken in accordance
with the regulation of the minister of the Natural
Environment [15]. As required, meteorological
conditions were specified. The survey day was sunny,
without precipitation, or snow lying on the roadway
surface. The air temperature was 1°C, the air relative
humidity 43%, atmospheric pressure 980 hPa, and the
wind velocity did not exceed 5 m/s.

Noise measurements were taken using the Extech
SDL600 Sound Level Meter. The device allows precise
measurements, has Class 2 level of tolerance and is
compliant with EN 61672-1. The method of direct
measurements by sampling was used. The following
device settings were selected: A-weighting curve,
FAST response time and 1s datalogger sampling time.
The measurements were taken at the height of 1.5 m,
at a distance of 1.5 m from the roadway edge. Because
it was difficult to record noise level and motion data
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at the same time, to obtain traffic volume data, traffic
was filmed with a video camera. After fil ming the
traffic, the data on traffic volume were processed and
presented as the Microsoft Excel spreadsheet.
Due to the structure of vehicle types and the travel
direction, vehicle were categorised into four groups:
a) L1 — light vehicles moving along the closer
roadway, from the city center,

b) L2 — light vehicles moving along the further
roadway, towards the city center,

c¢) C1 — heavy vehicles moving along the closer
roadway, from the city center,

d) C2 — heavy vehicles moving along the further
roadway, towards the city center.

Lightvehiclesincluded passenger carsand commercial
vehicles, whereas heavy vehicles comprised trucks,
buses, tractors and motorcycles. The two-wheels were
categorised as heavy vehicles because of the high level
of noise those generate [15]. It was assumed that the
vehicles drive through the road part at the maximum
speed permitted in a built-up area, i.e. 50 km/h.

3. The results of investigations
3.1. Traffic volume

The observations concerning traffic volume in
the part of Sandomierska Street in the morning and
afternoon surveys indicate that light vehicles were
the main users, whereas heavy traffic was low, and
involved mainly city buses and delivery vehicles. The
traffic flow was uninterrupted.

The distribution of motion data and the character
of vehicular traffic in Sandomierska street were
illustrated using a bar chart which showed the traffic
volume in the following hours: 10:00AM-11:00AM
and 3:00PM-4:00PM. The number of vehicles driving
through the road, together with the data on vehicle
types and travel direction, are shown in Figure 2.
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Fig. 2. Vehicular motion volume in the 5-minute interval
recorded in the morning and afternoon rush hours on
5 Feb. 2014 in Sandomierska Street in Kielce

The data presented in Figure 2 indicate that traffic
load was much higher in the afternoon. As regards
light vehicle motion, travel direction differences are
clearly observed for the selected time intervals. From
10:00AM to 11:00AM, 537 cars drove from the city
centre outwards, whereas 615 vehicles travelled to the
city centre. In the afternoon rush hour, 794 vehicles
drove from the city centre outwards and 602 moved
towards the city centre. The traffic direction structure
47/53 in the morning and 57/43 in the afternoon
indicates that the character of traffic in Sandomierska
Street is strongly related to working hours. In city
streets, a larger traffic volume is usually noted for the
motion towards the city centre in the morning, which
is obviously linked to work start time and the time
of opening of public institutions. In the afternoon, a
higher number of vehicles travelling out of the city
centre is related to people’s returning to their homes. As
regards heavy traffic, a similar number of vehicles was
observed for both the morning and afternoon intervals,
with a slightly higher number of vehicles travelling out
of the city.

3.2. Noise

In the measurements, the sound level meter sampling
time was 1 s. When no vehicles travelled, the meter
display showed the values of over fifty decibels. Those
results can be considered the acoustic background
noise level. When in motion, light vehicles most
frequently produced the sound level from 71 to 80 dB.
Heavy vehicles usually generated sounds ranging from
78 to 103 dB. It was also recorded that older vehicles,
or those in poor condition emitted more noise. Then,
the sound level observed was often comparable with
that produced by some of heavy vehicles.

The pattern of changes in the sound level in the
morning and afternoon rush hours, together with hourly
equivalent levels, Laeq 1 h, is presented in Figure 3.

——10:00- 11:00 ——15:00- 16:00 =——L3eqlh{10:00-11:00) =—lapglh(15:00-16:00)

Fig. 3. The pattern of sound level changes in the morning
and afternoon rush hours with hourly equivalent levels
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The equivalent sound level was deter mined for one
hour of the morning measurement, Laeq 1 h was 88.2
dB, and for the afternoon it was 78.1 dB. The data
presented in Figure 3 clearly shows long leaps in noise
records caused by vehicles moving in groups. For both
travel directions, the impact of the signal controlled
junctions, located at a distance, is clearly observable.
Vehicles waiting to continue travel queued before the
stop line at the junctions, and at the moment green
signal turned on, they started at the same time arriving
as a platoon of cars at the acquisition site.

Inthe fourth and the twenty-third minute of the morning
survey, two emergency vehicles drove along with their
sirens on. The passage of those vehicles produced high
noise records, which maximally amounted to as much
as 122 and 117 dB, respectively. Such momentary
values of sound level, corresponding to an anomalous
event, result in an error in the analysis of the effect of
vehicular motion on traffic noise. Two graphs were
plotted to illustrate the effect of singular, much higher
than the average, results of noise measurement on the
aggregated values described with equivalent sound
levels, and computed for respective 1-, 5-, 15- and 60-
minute intervals. The computed values of the indicator
Laeq (1, 5, 15, 60 min) for the first measurement hour,
from 10:00AM to 11:00AM, are presented in Figure 4.
The values of the indicator Laeq (1, 5, 15, 60 min) for
the other measurement hour, namely from 3:00PM to
4:00PM, are presented in Figure 5.
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The comparison of the data shown in Figs. 4 and 5
confirms a major impact of the passage of siren-on
emergency vehicles on noise indicator. Ambulance
sirens produced abnormal results for the first
measurement hour. Equivalent sound level Laeq 1
min, deter mined for a minute during which the first
ambulance drove by, reached the value of 104.4 dB.
The same index computed for the twenty third minute
was as high as 99.7 dB. The other results of Laeq 1
min took on the values of up to 85 dB, both for the
morning and afternoon measurement hour. The impact
of loud emergency vehicle sirens is also visible in the
values taken on by indicator Laeq 5 min, Laeq 15
min and Laeq 1 h, computed on the basis of the data
collected from 10:00AM to 11:00AM. Therefore, it
is pointless to carry out traffic noise analysis based
on measurements collected in the first two quarters of
the morning survey. The values recorded within that
interval were excluded from the dataset.

To find relations between noise described by means
of'equivalent sound level, Laeq, on one side, and traffic
volume (Q), vehicle type structure (L, C) and travel
direction structure (1, 2), on the other, Pearson linear
correlation coefficient was calculated for appropriate
pairs of wvariables. The analysis was performed
on the basis of 5400 noise results corresponding
to the acoustic conditions in the second half of the
morning hour and the entire afternoon hour. The
way of matching variables in pairs and the results of
the analysis of correlations for 1-, 5- and 15-minute
intervals are presented in Table 1.

Table 1. Values of Pearson linear correlation coefficients
deter mined on the basis of Laeq 1 min, Laeq 5 min and
Laeq 15 min and corresponding motion conditions for the
selected time intervals

B Laeglmin Laeg5min ——Laeql5min ——LaegB0min Tl [mit) N
Pearson linear correlation Time interwal
Fig. 4. Equivalent sound levels for 1, 5, 15 and 60 coefficients 1 min 5 min 15 min
minutes, deter mined on the basis of the data collected Qilaeg 0.5 0.51 0.67
between 10:00AM and 11:00AM in the part of -
Sandomierska Street in Kielce, on 5 Feb. 2014 Qlilaeq 045 035 0.62
Q2ilaeq -0.17 0.65 0.50
90
N - QLilaeg 0.5 0.49 0.65
o By W - - (CiLaeg 0.19 0.10 0.88
N = s QLTiLaeq 0.46 0.36 0.60
I QL2i Laeq -0.19 0.61 0.49
1 6 11 16 21 26 31 36 41 46 51 56 61 .
QC1iLaeq 0.15 -0.03 0.49
B Laegqlmin Laeq5Smin =———Laeql5min = Laeq60min ‘Time [min]
, , QC2iLaeg 0.13 0.24 0.62
Fig. 5. Equivalent sound levels for 1, 5, 15 and 60 v
minutes, deter mined on the basis of the data collected Ll gl i e
between 3:00PM and 4:00PM in the part of Sandomierska %C1 i Laeg 0.00 -0.14 -0.16
Street in Kielce, on 5 Feb. 2014 %C2ilaeq 0.20 0.18 0.70
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The analysis of Pearson linear correlation
coefficients presented in Table 1 shows that values
indicating the occurrence of relation between pairs of
variables is observed only for 5- and 15- min intervals.
The correlation coefficient above 0.5 is regarded
as the one that describes a strong relation between
variables. The strongest relation was found to hold
between the equivalent sound level Laeq 15 min, and
the traffic volume of heavy vehicles. The correlation
coefficient for that pair of variables was 0.88. The
coefficient takes on a positive value, which means,
the more heavy vehicles drove along the road part of
concern, the higher noise was recorded. Another strong
correlation is found for the index Laeq 15 min and a
majority of motion characteristics quoted before. The
lack of significant relations for 5- minute intervals can
be explained by the fact that the noise index Laeq 5
min is too sensitive when sudden leaps in the sound
level caused by more noisy vehicles occur.

To illustrate the effect of the traffic volume of
heavy vehicles on the level of recorded noise for 15-
min time intervals, a graph was plotted for that pair
of variables which showed the highest correlation
coefficient. The graph is presented in Figure 6.
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Fig. 6. Vehicular traffic volume taking in to account
vehicle type, and equivalent sound levels Laeq 15 min,
corresponding to road and acoustic conditions in the
morning and afternoon rush hours on 5 Feb. 2014 in the
part of Sandomierska Street in Kielce

The data presented in Figure 6 indicates that in a
majority of cases, the greater number of heavy vehicles
drove along the part of the road, the higher was the
value of the corresponding equivalent sound level,
Laeq 15 min. The lowest index was found for that
quarter of measurements when the number of heavy
vehicles was 9, which constituted a share of 3.4%. The
highest index Laeq 15 min corresponded to the passage
of the fourth type of vehicles, whose share was 4.3%.

4. Conclusions and summary

The analysis of the data obtained from the
measurements of sound level and the volume of

vehicular motion performed during rush hours on 5
Feb. 2014 in Sandomierska Street in Kielce, shows
the acoustic climate near the route is unfavourable.
Equivalent sound levels, Laeq 1h are quite high and
those exceed the limits permitted for a given time of
the day [12]. The results obtained for morning and
afternoon rush hours, however, are much higher
when compared with the value of 16-hour index Laeq
D stated in the standard, which resulted from the
assumption made for the study, i.e. the selection of
the period of time with a very heavy load of vehicular
traffic. The volume of traffic in off-peak periods was
much lower. Equivalent sound level calculated on the
basis of noise measurement results and traffic volume
data recorded for the full 16-hour period specified in
the standard would be also much lower.

Based on the computed values of the Pearson
linear correlation coefficient, it can be concluded
that a strong relation holds between recorded noise
and the number of vehicles driving through a given
road. The highest positive value of the coefficient was
obtained for the following variables: Laeq 15 min
and the number of heavy vehicles. The more heavy
vehicles travelled, the higher noise emissions were
recorded. An increase in the number of passenger cars
affected the recorded sound levels to a lesser extent.
No significant relation was found between the travel
direction structure and noise production. During the
measurements, researchers observed that vehicles
driving along the roadway located closer (direction
to the city centre) gave more annoyance than traffic
travelling along the other roadway in the opposite
direction. The results of analyses, however, do not
confirm a relation of that kind.

The comparison of the results of measurements of
traffic volume with those carried out in 2009 [16],
when freight traffic moved in Sandomierska Street,
shows a clear decrease in both the total number of
vehicles, and also that of heavy vehicles. In 2009,
150 heavy vehicles per hour travelled along the road
part of concern. In the latest measurements, only over
50 such vehicles were recorded. On the basis of the
short-term measurements conducted for the study, it
can be concluded that a reduction in the number of
heavy vehicles contributed to the improvement of
the acoustic climate of the surroundings. The new
section of the express way S74 took the freight traffic
and reduced the number of vehicles in Sandomierska
Street, thus partly relieving the local residents of
noise annoyance and negative effects produced by it.
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Analiza wynikow krotkoterminowych pomiarow
hatasu drogowego na przyktadzie przekroju
ulicy Sandomierskiej w Kielcach

1. Wprowadzenie

Hatas jest zjawiskiem powszechnym, towarzy-
szy praktycznie kazdej dziatalnosci cztowieka. Jego
wysoki poziom obniza jakos$¢ zycia, utrudnia prace,
nauke oraz wypoczynek. Zanieczyszczenie halasem
jest przyczyna wielu negatywnych nastepstw zdro-
wotnych [1]. Jest rowniez jedng z gldéwnych przyczyn
degradacji srodowiska naturalnego. Niezadowalaja-
cy klimat akustyczny zauwaza si¢ w szczego6lnosci
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w miastach, gdzie przebywa i pracuje wigksza czes¢
spoteczenstwa. Szacuje sie, ze okoto 54% mieszkan-
cow wiekszych polskich aglomeracji skarzy si¢ na
hatas pochodzenia zewnetrznego, glownie komuni-
kacyjnego [2]. Przez obszary zabudowane przebiega
az 23% drog krajowych, na ktorych realizowany jest
gtéwnie ruch tranzytowy, szczegodlnie uciazliwy [3].
Kazdy przekroj drogowy charakteryzuje si¢ specy-
ficznym, niepowtarzalnym klimatem akustycznym,
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zmiennym w zaleznosci od wielu czynnikow zwig-
zanych z ruchem pojazdow, z drogg i jej otoczeniem,
a takze z warunkami atmosferycznymi [4-7].

Podczas rozpoznawania klimatu akustycznego
w miescie najbardziej interesujace jest taczne oddzia-
lywanie wielu zroédet hatasu — pojazdow biorgcych
udziat w ruchu. Przy w miar¢ gestym ruchu poziomy
hatasu od pojedynczych przejazdéw naktadajg si¢ na
siebie. Ulice mozna wigc traktowaé jako umowne,
powierzchniowe zrédto dzwicku [6]. Obserwowany
przy arterii komunikacyjnej poziom hatasu nieustan-
nie zmienia si¢ w czasie. Jego odpowiednia ocena nie
jest mozliwa przy znajomosci jedynie warto$ci wy-
stepujacych w pewnych momentach.

Do okre$lania wartosci hatasow charakteryzuja-
cych dowolne, przyjete przez badacza czasy odnie-
sienia, wprowadzono poziomy rownowazne. Roéwno-
wazny poziom dzwicku A to, skorygowany wedtug
krzywej korekcyjnej A, poziom ci$nienia akustyczne-
go ciaglego ustalonego dzwieku, ktory w okreslonym
przedziale czasu T ma taki sam $Sredni kwadrat ci$nie-
nia akustycznego, jak analizowany dzwigk o pozio-
mie zmiennym w czasie [8]. ROwnowazny poziom
dzwigku A dla przedziatu czasu T jest takze zwany
srednim poziomem dzwigku z czasem usredniania za-
znaczonym za pomocg indeksu, np. Lalh, co oznacza
jednogodzinny $redni poziom dzwicku. Poziom row-
nowazny jest podstawowym wskaznikiem liczbowe-
go opisu klimatu akustycznego [9].

Poziomy réwnowazne dzwiekow w duzej mierze zale-
73 od struktury rodzajowej ruchu. Do najbardziej hatasli-
wych pojazdow nalezg te z grupy ciezkich oraz motocy-
kle. Generowany przez nie poziom dzwigku waha si¢ od
79 dB do 98 dB. Samochody osobowe sg mniej ucigzliwe.
Podczas ich przejazdow rejestruje si¢ poziomy hatasu od
70 dB do 84 dB [10]. Z uwagi na ogromne obcigzenie
ruchem oraz duzy udzial pojazdoéw ciezkich, w duzych
miastach systematycznie sa prowadzone pomiary po-
ziomu hatasu [11]. Ich wyniki sg regularnie kontrolowa-
ne, a wszelkie przekroczenia warto$ci dopuszczalnych,
podanych w [12], skutkujg obcigzeniami finansowymi
natozonymi na zarzadcéw drog [13]. Nieustannie pode;j-
mowane sg proby ograniczenia poziomu hatasu poprzez
stosowanie réznych metod i srodkéw [14].

Jednym z niedawnych dziatan kieleckich wtadz,
zmierzajacym w kierunku poprawy klimatu akustycz-
nego, byta budowa nowego odcinka drogowego S74.
Przed wprowadzeniem polaczenia alternatywnego
ruch tranzytowy zmierzajacy ze wschodu na zachéd
kierowany byt przez ulice Sandomierska w Kielcach,
petigca wowcezas funkcje drogi krajowe;.

Celem badan przedstawionych w opracowaniu
jest analiza i ocena aktualnie wystepujacego klimatu
akustycznego w okolicy wybranego przekroju ulicy
Sandomierskiej, ksztattowanego przez ruch drogowy.
Szczegdlng uwage zwrdcono na natgzenie ruchu ciez-
kiego, struktur¢ rodzajowa oraz kierunkows.

2. Metodyka wykonanych badan

Pomiary zrealizowano przy ulicy Sandomierskiej
w Kielcach, ktora obecnie petni funkcje drogi gtow-
nej. Wykonano je w przekroju pomiedzy skrzyzowa-
niami z ulicami: Dalekg i Slaska. Na wytypowanym
odcinku pochylenie podtuzne wynosi 2% w kierunku
centrum miasta. Ulica Sandomierska posiada dwie
jezdnie, na kazdej po trzy pasy ruchu. Miedzy nimi
jest pas dzielacy o szerokosci 2,5 m. Zaréwno po
lewej, jak i po prawej stronie badanego przekroju
znajduja si¢ niskie budynki ustugowe, uzytecznosci
publicznej oraz placowka wychowawcza stalego za-
mieszkania. Zabudowa zlokalizowana jest w odlegto-
sci kilkunastu metréow od krawedzi jezdni.

Przekroj poprzeczny ulicy Sandomierskiej, w po-
blizu ktorego wykonano pomiary, przedstawiono na
rysunku 1.

Do badan wytypowano dzien roboczy, rode 5 lutego
2014 roku. Podczas rejestracji wielkosci akustycznych
i ruchowych okre§lono warunki meteorologiczne, ta-
kie jak: temperatura powietrza, wilgotno$¢ wzgledna,
cisnienie atmosferyczne oraz predkos$¢ wiatru. Row-
noczes$nie z monitoringiem hatasu komunikacyjnego
notowano natezenie, strukturg rodzajowa i kierunkowa
ruchu. Dane zgromadzono dla dwoch godzin. Repre-
zentatywne godzinowe przedzialy czasowe okreslono
na podstawie rozktadu natezenia ruchu, ktory doktad-
nie rozpoznano, wykonujac pomiary wstepne. W dzien
poprzedzajacy docelowa rejestracje danych zebrano
informacje ruchowe w wybranym przekroju ulicz-
nym. Na podstawie analizy wynikow natezenia ruchu
zdecydowano o docelowym czasie pomiarow. Pierw-
szy wybrany okres to poranny szczyt komunikacyjny,
przypadajacy na godzing od 10.00 do 11.00. Drugi to
najbardziej obcigzona ruchem pojazdéw popotudnio-
wa godzina, pomiedzy 15.00 a 16.00.

Prace pomiarowe wykonano zgodnie z rozporza-
dzeniem ministra srodowiska [15]. Wedtug wymagan
okreslono warunki meteorologiczne. W dzien badan
byta stoneczna pogoda, bez opadow oraz zalegajace-
go $niegu na powierzchni jezdni. Temperatura powie-
trza wynosita 1°C, wilgotno$¢ wzgledna powietrza —
43%, cisnienie atmosferyczne — 980 hPa, a wiatr nie
przekraczat 5 m/s.
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Do pomiaréw hatasu wykorzystano decybelomierz
Extech SDL600, ktéory umozliwia precyzyjny pomiar
poziomu dzwieku i odpowiada normie EN 61672-1,
klasa doktadnosci 2. Wykorzystano metode bezpo-
srednich pomiaréw za pomocg probkowania. W urza-
dzeniu ustawiono charakterystyke korekcyjng A, statg
czasowa FAST oraz czestotliwo$¢ probkowania 1 s.
Pomiary wykonano na wysokosci 1,5 m, w odlegtosci
1,5 m od krawedzi jezdni. Z uwagi na trudno$¢ jed-
noczesnego notowania poziomu hatasu oraz danych
ruchowych natezenie ruchu rejestrowano za pomoca
techniki wideofilmowania. Po zebraniu materiatu ba-
dawczego informacje charakteryzujace ruch, odtwo-
rzono i zestawiono w formie tabelarycznej w arkuszu
kalkulacyjnym programu Microsoft Excel.

Ze wzgledu na strukture rodzajowa ruchu oraz kie-
runek jazdy, pojazdy podzielono na cztery grupy:

a) L1 — pojazdy lekkie poruszajace si¢ po blizszej
jezdni, od centrum miasta,

b) L2 — pojazdy lekkie poruszajace si¢ po dalszej
jezdni, do centrum miasta,

c) C1 — pojazdy ciezkie poruszajace si¢ po blizszej
jezdni, od centrum miasta,

d) C2 — pojazdy ciezkie poruszajace si¢ po dalszej
jezdni, do centrum miasta.

Do pojazdow lekkich zaliczono samochody osobo-
we 1 dostawcze, a do cigzkich samochody cigzarowe,
autobusy, ciagniki oraz motocykle. Jednoslady zosta-
ly przyporzadkowane do kategorii pojazdow ciezkich
z uwagi na ich wysoka hatasliwos¢ [15]. Przyjeto, ze
pojazdy przekraczaja badany przekrdj drogi z predko-
$cig dopuszczalng na terenie zabudowanym 50 km/h.

3. Wyniki wykonanych badan

3.1. Natezenie ruchu

Z obserwacji natezenia ruchu w przekroju ulicy
Sandomierskiej podczas wykonywania porannych
1 popotudniowych pomiaréw wynika, ze badany prze-
kroj przekraczaty gtéwnie pojazdy lekkie. Ruch ciez-
ki byt niewielki, przewaznie przejezdzaty autobusy
miejskie oraz pojazdy zaopatrzenia. Ruch byt pltynny.

W celu zobrazowania rozktadu danych ruchowych
1 charakteru ruchu kotowego na ulicy Sandomierskie;j
sporzadzono wykres shupkowy przedstawiajacy nate-
zenie pojazdow w godzinach od 10.00 do 11.00 oraz
od 15.00 do 16.00. Liczbe pojazdow przekraczajacych
przekrdj drogowy z uwzglednieniem struktury rodza-
jowej oraz kierunkowej przedstawiono na rysunku 2.

Z analizy danych zamieszczonych na rysunku 2
mozna wnioskowac, ze znacznie wicksza liczba po-
jazdow przekroczyta przekrdj uliczny podczas popo-
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hudniowych notowan. Wyraznie widoczna jest zmiana
struktury kierunkowej pojazdow lekkich dla dwoch
godzin pomiarowych. Od 10.00 do 11.00 w kierunku
od centrum miasta przejechato 537, a w kierunku do
centrum 615 pojazdow. Podczas szczytu popotudnio-
wego w kierunku od centrum przekrdj ulicy Sando-
mierskiej przekroczyto 794 pojazdéw, a w kierunku
do centrum 602. Struktura rodzajowa 47/53 rano
1 57/43 po potudniu wskazuje, ze charakter ruchu na
ulicy Sandomierskiej jest podyktowany rytmem pra-
cy. Na drogach miejskich zwykle obserwuje si¢ wiek-
sze natezenie pojazdow jadacych w strone centrum
miasta w godzinach porannych, co prawdopodobnie
jest zwigzane z godzinami rozpoczgcia pracy i otwar-
cia instytucji. Po poludniu wieksze natezenie ruchu
pojazdow jadacych w stron¢ wylotu z miasta jest
zwigzane z powrotami do doméw. Z uwagi na ruch
ciezki zarowno podczas pomiaru porannego, jak i po-
potudniowego zanotowano podobna liczbe pojazdow.
Przewazaly jednak te zmierzajagce w strong wylotu
Z miasta.

3.2. Hatas

W czasie wykonywania pomiar6w obserwowano se-
kundowe wskazania miernika dzwigku. W przypadku
gdy po ulicy nie poruszaly si¢ zadne pojazdy na wy-
swietlaczu urzadzenia ukazywaly sie wielkosci rzedu
piecdziesieciu kilku decybeli. Te wyniki mozna uznac
za poziom tta akustycznego otoczenia. Podczas prze-
jazdoéw pojazdow typu lekkiego poziom dzwicku wy-
nosit najczesciej od 71 dB do 80 dB. Pojazdy cigzkie
generowaly zwykle dzwigk od 78 dB do 103 dB. Za-
uwazono rowniez duzo wigkszy hatas w czasie prze-
jazdu pojazdow starszych lub/i w ztym stanie technicz-
nym. Czesto obserwowany wtedy poziom dzwieku byt
porownywalny z tym generowanym przez niektore
pojazdy cigzkie.

Przebieg zmian poziomu dzwicku w porannej
i popoludniowej godzinie szczytu komunikacyjnego
wraz ze wskazaniem godzinnych pozioméw réwno-
waznych, Laeq 1 h przedstawiono na rysunku 3.

Rownowazny poziom dzwigku wyznaczony dla
okresu jednej godziny pomiaru porannego, Laeq 1 h
wynosit 88,2 dB, a dla popotudniowego 78,1 dB. Na
podstawie danych zaprezentowanych na rysunku 3
mozna zaobserwowa¢ wyrazne dluzsze skoki noto-
wan hatasu spowodowane przejazdami pojazdow
w grupach. Zaréwno w jednym, jak i w drugim kierun-
ku od wytypowanego przekroju drogi uwidocznit si¢
wplyw odlegltych skrzyzowan sterowanych sygnaliza-
cja Swietlna. Pojazdy oczekujace na mozliwo$¢ konty-
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nuowania podrozy gromadzily si¢ przed linig warunko-
wego zatrzymania na skrzyzowaniach, a w momencie
wyswietlenia sygnatu zielonego jednocze$nie ruszaly,
docierajac w kolumnie do punktu notowan.

W czwartej oraz w dwudziestej trzeciej minucie
porannego pomiaru przekroj ulicy przekroczyly dwa
pojazdy uprzywilejowane, jadace z wlaczonym sygna-
tem dzwickowym. Ich przejazd spowodowat wysokie
notowania hatasu, wynoszace maksymalnie odpo-
wiednio 122 dB oraz 117 dB. Takie wyniki chwilowe-
go poziomu dzwicku obarczaja btedem analizy wply-
wu ruchu pojazdéw na hatas pochodzenia drogowego.
Dla zobrazowania wptywu pojedynczych, odstajacych
wynikéw pomiarow hatasu na jego zagregowane war-
tosci opisane za pomoca réwnowaznych poziomow
dzwiekoéw, obliczone odpowiednio dla interwatow 1-,
5-, 15- 1 60-minutowych, wykonano dwa wykresy. Ob-
liczone warto$ci wskaznikow Laeq (1, 5, 15, 60 min)
dla pierwszej godziny pomiaru, od 10.00 do 11.00,
przedstawiono na rysunku 4. Warto$ci wskaznikow
Laeq (1, 5, 15, 60 min) dla drugiej godziny pomiaru,
od 15.00 do 16.00, przedstawiono na rysunku 5.

Poréwnanie rozktadu danych zamieszczonych na
rysunkach 4 i 5 potwierdza istotny wpltyw przejazdu
pojazdoéw uprzywilejowanych z aktywnym sygnatem
dzwigkowym na wskazniki hatasowe. Syreny kare-
tek spowodowaty obserwacje odstajacych wynikow
W pierwszej godzinie pomiaru. ROwnowazny poziom
dzwigku Laeq 1 min, wyznaczony dla minuty, pod-
czas ktorej przejechala pierwsza z nich, osiagnat war-
tos¢ 104,4 dB. Ten sam wskaznik obliczony dla dwu-
dziestej trzeciej minuty wynosit az 99,7 dB. Pozostale
wyniki dotyczace Laeq 1 min przyjmowaty wartosci
do 85 dB zarowno w pierwszej, jak i drugiej godzinie
pomiaru. Wplyw glosnych sygnatow ostrzegawczych
pojazdéw uwidacznia si¢ rowniez w wartosciach, ja-
kie przyjmuja wskazniki Laeq 5 min, Laeq 15 min
oraz Laeq 1 h obliczone na podstawie danych zgro-
madzonych od 10.00 do 11.00. Bezcelowe jest wigc
wykonywanie analiz uwzgledniajacych hatas i ruch
drogowy na podstawie pomiaréw zgromadzonych
w pierwszych dwoch kwadransach godziny dziesig-
tej. Wielkosci zanotowane w tym czasie wykluczono
ze zbioru danych.

W celu zbadania zalezno$ci wystepujacych miedzy
hatasem opisanym obliczonymi warto$ciami rowno-
waznego poziomu dzwieku Laeq a natgzeniem (Q),
strukturg rodzajowa (L, C) oraz kierunkowg ruchu
(1, 2), obliczono wspodlczynnik korelacji liniowe;j
wedhug Pearsona dla odpowiednich par zmiennych.
Analize wykonano w oparciu o 5400 wynikow ha-

tasowych odpowiadajacych warunkom akustycznym
w drugiej polowie godziny 10.00 oraz o godzinie
15.00. Sposdb zestawiania wartosci zmiennych w pary
1 warto$ci wynikowe analizy korelacji dla interwatow
1-, 5- oraz 15-minutowych zestawiono w tabeli 1.

Na podstawie analizy wspdtczynnikéw korelacji
liniowej wedlug Pearsona, zestawionych w tabeli 1,
mozna stwierdzié, ze warto$ci wskazujgce na istnienie
zalezno$ci miedzy badanymi parami zmiennych ob-
serwuje si¢ tylko dla interwatow 5- i 15-minutowych.
Poziom opisujacy silng zaleznos¢ migdzy zmiennymi
okreslono dla wspotczynnika korelacji powyzej 0,5.
Najwigksza sita zwigzku ujawnita si¢ pomiedzy row-
nowaznym poziomem dzwigku Laeq 15 min a nate-
zeniem pojazdéw ciezkich, wspotczynnik korelacji
wynosi dla tej pary zmiennych 0,88. Przyjmuje on
dodatnig warto$¢, co oznacza, ze im wiecej pojazdow
tego typu przekroczylo badany przekroj drogi, tym
wiekszy zarejestrowano hatas. Silng korelacje obser-
wuje si¢ rowniez dla zestawienia wskaznika Laeq 15
min z wigkszoscig przedstawionych charakterystyk
ruchowych. Brak istotnych zaleznosci w przypadku
analiz w interwatach pieciominutowych mozna thu-
maczy¢ tym, ze wskaznik hatasowy Laeq 5 min jest
zbyt podatny na nagte skoki poziomu dzwigku powo-
dowane pojedynczymi przejazdami pojazdow bar-
dziej hatasliwych.

W celu zobrazowania wplywu natezenia ruchu po-
jazdow cigzkich na poziom zarejestrowanego hatasu,
w przeliczeniu na 15-minutowe odstepy czasu, dla tej
pary zmiennych, ktora charakteryzowata si¢ najwick-
sza wartoscig wspotczynnika korelacji, wykonano
wykres przedstawiony na rysunku 6.

Z danych zamieszczonych na rysunku 6 wynika, ze
w wiekszosci przypadkow im wicksza liczba pojaz-
doéw ciezkich przekroczyta badany przekréj drogi,
tym wicksza odpowiada mu warto$¢ rownowaznego
poziomu dzwicku, Laeq 15 min. Najmniejszg wartos¢
wskaznika obliczono dla tych pigtnastu minut pomia-
ru, gdzie natezenie pojazdéw ciezkich wynosito 9,
a ich udziat to 3,4%. Najwigkszy wskaznik Laeq 15
min odpowiadat przejazdowi czwartego rodzaju po-
jazdow, przy ich udziale 4,3%.

4, Wnioski i podsumowanie

Po wykonaniu analizy danych uzyskanych z po-
miar6w poziomu hatasu i natg¢zenia ruchu kotowego
wykonanych w czasie trwania godzin szczytu ko-
munikacyjnego, w dniu 5 lutego 2014 roku, na uli-
cy Sandomierskiej w Kielcach, mozna stwierdzi¢, ze
klimat akustyczny w otoczeniu tej trasy jest nieko-
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rzystny. ROwnowazne poziomy dzwickéw, Laeq 1 h
sg do$¢ wysokie i znacznie przekraczajg wartosci do-
puszczalne okreslone dla pory dnia [12]. Jednak uzy-
skane wyniki wskaznikéw obliczonych dla godziny
porannego oraz popotudniowego szczytu komunika-
cyjnego, w odniesieniu do normowej wartosci szes-
nastogodzinnego wskaznika Laeq D, sg duzo wyzsze
z uwagi na celowy dobdr najbardziej obcigzonych ru-
chem pojazdoéw okresdéw. Natezenie ruchu kotowego
poza wybranymi godzinami porannego i popotudnio-
wego szczytu komunikacyjnego byto duzo nizsze.
Réwnowazny poziom dzwigku obliczony na podsta-
wie wynikéw hatasowych oraz natezeniowych, za-
rejestrowanych dla pelnego, normowo okreslonego
przedziatu czasu, bytby réwniez duzo nizszy.

Na podstawie obliczonych warto$ci wspotczynnika
korelacji liniowej wedtug Pearsona mozna wniosko-
wacé, ze istnieje silna zalezno$¢ pomiedzy zarejestro-
wanym hatasem a liczbg pojazdoéw przekraczajacych
badany przekroj ulicy. Najwigksza dodatnig war-
tos¢ wspodtczynnika uzyskano dla zmiennych takich
jak Laeq 15 min oraz liczba pojazdéw ciezkich. Im
wiecej takich pojazdow przekroczyto przekroj ulicy
Sandomierskiej, tym wigksze zarejestrowano natgze-
nie hatasu. Wzrost liczby samochodéw osobowych
w mniejszym stopniu decydowal o wyzszych noto-
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waniach pozioméw dzwicku. Nie zaobserwowano
istotnego zwigzku migdzy strukturg kierunkowsa ru-
chu a hatasem. Z wtasnych obserwacji prowadzonych
podczas pomiaru wynika, ze przejazdy pojazdow,
niezaleznie od ich rodzaju, po blizszej jezdni (w kie-
runku 1, od centrum miasta) powodowaty odczucia
wiekszego dyskomfortu niz ruch odbywajacy si¢ po
drugiej jezdni. Wyniki wykonanych analiz nie po-
twierdzajg jednak podobnych zaleznosci.

Poréwnujac przedstawione wyniki pomiaro6w nate-
zenia ruchu pojazdow z tymi z 2009 roku [16], kiedy
ruch tranzytowy odbywat si¢ po ulicy Sandomier-
skiej, wyraznie wida¢ spadek catkowitej liczy pojaz-
doéw, jak 1 zmniejszenie ruchu ciezkiego. W 2009 roku
przekroj uliczny przekraczato do 150 pojazdéw ciez-
kich na godzing. Obecnie zanotowano tylko ponad
50 takich pojazdow. Bazujac na otrzymanych wyni-
kach krotkoterminowych pomiaro6w, mozna stwier-
dzi¢, ze ograniczenie liczby pojazdow ciezkich spo-
wodowalo polepszenie si¢ klimatu akustycznego oto-
czenia. Nowy odcinek drogi ekspresowej S74 przejat
ruch tranzytowy i odciazyt ulice Sandomierska od
duzej ilosci pojazdow, a jej mieszkancow 1 uzytkow-
nikéw ochronit przed ujemnymi skutkami oddziaty-
wania wigkszego niz obecnie hatasu.
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INFLUENCE OF MINERAL ADDITIVES PROPERTIES
OF CONCRETE

Abstract

The article discusses the results of laboratory tests on the impact of dolomite mineral dust on the rheological properties of the
concrete mix. The addition of mineral dust rise to an overall improvement in the studied parameters (absorption, capillary),
by sealing the grout. The impact of their actions on the rheological properties depend largely on the grain composition and
the degree of grinding. Rheological properties of concrete mixtures of flours stone depends on the amount and geometrical
properties of these additives. The use of additives enforces the need for their treatment by the process of drying, screening
and segregation. The effect of the presence of meal stone to change the rheological properties of fresh concrete (density,

consistency) and hardened concrete parameters (compressive strength, water absorption, capillary action).

Keywords: compressive strength, water absorption, capillary action, dolomite mineral

1. Introduction

Properties of concrete, such as resistance to
compression, absorbability or resistance to freezing
depend on many factors. No doubt the most important
ones are basic components of concrete mixture, that
is cement, aggregate, water. Not only the quantity of
those components within the mix matters, but also
their quality and properties. These day, along the
basic elements of the concrete mix, also present are
chemical mixtures and mineral additives, which have
beneficial influence on the properties of the mix and
the hardened concrete [1-3].

The subject of the study is concrete with addition of
dolomite mineral dust quantity 8% and 12% volume
of aggregate in the concrete mix. Mineral dust is a
by-product resultant from the technological process
of production of crushed-stone aggregates. Such
powders are not considered dangerous waste, however
they are very burdensome to the environment. They
are not subject to any significant physical, chemical or
biological transformations. The above qualities make
them a possible addition to concrete. Currently mineral
dust is treated as waste and is not used for production
of concretes, especially construction concretes [4].
Concretes with addition of mineral dust may be a
valuable alternative for traditional concretes [5].

The goal of the performed laboratory tests was to
determine the influence of the mineral additive on
the properties of the concrete mix and the hardened
concrete. In particular, the density, consistence,
pliability and ability to densify of the mix were tested,
and also resistance to compression, absorbability and
capillary action. Positive test results will allow for
usage of mineral dusts for production of concrete
with better parameters, which in consequence will
allow for better management of this burdensome
waste material.

2. Materials and methods

Own research was conducted in two stages.

In stage I laboratory tests were run for concretes
made from cement CEM I 42.5R without addition of
dust (marked SW), with addition of mineral dusts in
quantity of 8% (marked 8%) and 12% (marked 12%)
of aggregate quantity in the concrete mix maturing in
two habitats:

— in water in temperature of +18°C for a period of 28
days,

— in an air-dry habitat in temperature of +18°C for a
period of 28 days.

In stage II the obtained results were compiled and
analyzed.
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The research concerned class C45/55 concrete with
W/C = 0.54 proportion, the contents of which are
listed in Table 1.

Table 1. Contents of concrete mixes [kg/m?]

The program of the laboratory tests encompassed
production of three series of concretes with 21
samples each, cube-shaped, with 10 cm side.

After preparation of all ingredients for the concrete
mix, they were dosed in the following order:

Mix type: W 8% 12% — coarse aggregate 8/16, fine aggregate 4/8, according
Cement 334 334 334 to PN-EN 12620:2013,
— sand fraction 04 mm,
Water 181 181 181 .
— mineral dust,
Sand 625 575 550 — CEM 142.5R cement,
Aggregate 4/8 581 534.52 511.28 - water,
— superplasticizer Stachement 2750.
Aggregate 8/16 X8 53452 o128 All ingredients were weighed up to 0.01 g. The
Plasticizer 6.89 6.89 6.89 superplasticizer was added to moist concrete mix. The
Mineral dust ~ - - mineral dust. usc.ed is 2 waste material from Jozefka
aggregate mine in Gorno.
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The share of grains with size up to 2 um is 17.5%.
22.5% is within the range from 2 to 10 um. The grains
within the range from 10 to 40 um have the biggest share
with 42%, and 99% of grains are no bigger than 72 um.

The phase composition of the tested dust has been
determined based on roentgen phase analysis. It
has been determined that this dust is composed of
dolomite with admixture of calcite and quartz. The
qualitative analysis has allowed for determination
of approximate shares of individual phases in the
mineral dust. Dolomite has the dominant share, with
80%, 16% calcite and 4% quartz.

Table 2. Information on basic properties of the cement

Resistance

Blaine (MPa]

Chemical composition [%]
No. | Cement type

Si0, | Ca0 | Mg0 | Fe 0, | ALO.

2 273 273

a¥g| R R

2 28

1| CEMI425R | 19.84 | 63.2 | 2.08 | 2.72 | 4.65 | 4086 | 32.0 | 53.0

Table 3. Density and consistence of concrete mixes

Cement Density Slump Consistence of concrete
type D [kg/m’] [cm] mix.
W 2424 8
8% 1962 10 Semi-liquid
12% 1774 n

According to PN-EN 12350-2 norm, the consistence
of concrete mixes is determined as semi-liquid. From
the tests performed, it appears that the addition of
the mineral dust has no significant influence on the
change in mix consistence.

3. Results analysis

Laboratory tests were performed on normal
concretes and concretes with addition of mineral dust,
in accordance with PN-EN 206:2014 [6].

The resistance tests were performed on cube-
shaped samples with 10 cm sides. The samples, after
molding, were matured in water (I batch) and in an
air-dry habitat devoid of water (II batch) in stable
temperature of +18°C for a period of 28 days. The
resistance to compression was tested after 7, 14, 28
days from molding. The test result is an average from
three samples.

a) 50
40
=30
£
2
E_
=20
—a— 5w [a)
—a—3%(a)
10 —12%(a)
!
0 B-6
0 7 1 21 28
h'mt'.?da?l
by

56,32

0 7 14 21 28
time, [day]

Fig. 3. Increase in resistance to compression for concrete
samples maturing in stable temperature of +18°C for
a period of 28 days: a) in an air-dry habitat, b) in water

mSw m8% 12%

13,0
11,6
10,3
9.4 9,3
4,8
3.7 3,2
0.0 -
7 14

28 days

Fig. 4. Percentage increase fcm for concrete samples
maturing in water habitat in relation to samples maturing
in air-dry habitat for a period of 28 days

The largest increase of resistance to compression
was noted for concrete with addition of mineral dust
in quantity 12%, which in day 28 stands at 56.32 MPa
in water and 49.82 MPa in air-dry habitat. Percentage
increase of resistance to compression for concrete
samples maturing in water habitat in relation to samples
maturing in air-dry habitat stands at 13% at day 28.

The capillary action tests were performed on
samples, that matured after molding:

I batch, for the whole period of 28 days, in air-dry
habitat in temperature of +18°C.
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II batch, for a period of 7 days in water in temperature
of +18°C, and then for 21 days matured in air in
temperature of +18°C. After this time the samples were
placed in an air conditioning chamber, to be dried into
dry mass. The temperature in the chamber was gradually
increased, up until +105°C. To prevent penetration of
humidity from outside, and also vaporization of the
water pulled up by capillary action, the sides of the
samples were isolated. Many researchers point out the
relation between the means of isolation of samples,
and the intensity of the process of capillary water
transportation, that’s why all samples were uniformly
secured with polyethylene foil. Next, the samples
were placed in a tub container. Synthetic props were
placed on the bottom of the container. The samples
were immersed in water to the height of 1 £3 mm. The
water was gradually replenished. The test consisted of
measuring the changes in the samples’ massup to 0.01 g.
The measurements were made after 12 min, 30 min, 4 h,
24 h, etc., since the moment of immersion in water,
until uniform results were obtained.
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Fig. 5. Increase in mass in tests of capillary action for
concrete samples maturing in stable temperature of +18°C
for a period of 28 days: a) in an air-dry habitat, b) in water

The diagram analysis shows that the increase
in mass of the concrete samples with addition of
mineral dust during capillary action is 7% lower in
comparison to concrete without the admixture. The
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samples made of admixture-less concrete absorb
much bigger amounts of water. When comparing the
habitats, the samples which matured in air-dry habitat
showed slightly bigger increases in mass than the
samples which matured in water.

Another test performed was determination of
absorbability. The tests were performed on samples,
that matured after molding:

I batch, for the whole period of 28 days, in air-dry
habitat in temperature of +18°C.

II batch, for a period of 7 days in water in temperature
of +18°C, and then for 21 days matured in air in
temperature of +18°C. After this time the samples
were placed in an air conditioning chamber, to be dried
into dry mass in temperature of 105°C. After cooling
the samples, they were weighed and placed in a tub
container with synthetic props placed on the bottom
of the container. For the first 24 hours the water level
was up to the middle of the samples, then the samples
were immersed to +1 cm over the top surface of the
samples. The water was gradually replenished. The test
of absorbability consisted of measuring the changes
in samples’ mass up to 0.01 g. The measurement of
changes in mass was performed until two uniform
results were obtained. The samples were weighed
every 24 h. Each batch consisted of three samples [7].
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Fig. 6. Increase in mass in tests of absorbability for concrete
samples maturing in stable temperature of +18°C for
a period of 28 days: a) in an air-dry habitat, b) in water
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In case of tests of absorbability, concretes with
admixture are characterized by lower water absorption.
This is due to hermetization of the cement paste. The
decrease in mass growth of the samples with addition
of mineral dust maturing in water is 4% in relation to
concrete maturing in air-dry environment.

4. Conclusion

The subject of laboratory tests was concrete with
admixture of mineral dusts, which is a waste material
resultant from production of aggregates. The final
goal of the tests was to determine the influence of the
mineral admixture on concrete properties. The waste-
material mineral dust is characterized by very fine
graining with fineness similar to cement, which due
to its qualities positively influences the properties of
concrete mix and concrete.

The most significant were the tests of hardened
concrete, which allowed for objective analysis of
validity of addition of waste-material mineral dusts.
Those tests pertained especially to determination
of the influence of dusts admixture on concrete
resistance to compression, absorbability and capillary
action. Based on the laboratory tests performed, it
was determined that the admixture of mineral dust
in quantity 12% of aggregate mass increased the
gain in resistance by 18% in relation to admixture-
free concrete. Another benefit is the decrease of
concrete mass gains for the samples with mineral
admixture in the absorbability and capillary action
tests in relation to admixture-free concrete. Concretes
maturing without proper care are characterized by

Anna Kotwa
Edyta Spychat

decrease in physio-mechanical parameters: decrease
fcm = 11.65%, increase in sample mass in tests of
absorbability and capillary action by 10%.

The laboratory tests performed, concerning
possibilities of use of mineral dusts for production
of concrete, show positive perspectives. Due to the
laboratory tests performed it was determined that
mineral dusts may serve as admixture to concrete.
However, further determination of usability for
concrete technology demands individual approach,
additionally including the aspect of recurrence of
qualities of mineral dusts.
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WPLYW DODATKOW MINERALNYCH
NA WEASCIWOSCI BETONU

1. Wprowadzenie

Wiasciwosci betonu, takie jak: wytrzymatos¢ na
Sciskanie, nasigkliwo$¢ czy mrozoodpornos¢ zaleza
od wielu czynnikow. Dzi$ obok podstawowych sktad-
nikow mieszanki betonowej obecne sa rowniez do-
datki mineralne i domieszki chemiczne, ktore wpty-
waja korzystnie na wlasciwosci mieszanki betonowe;j
i stwardniatego betonu [1-3].

2. Materiaty i metody

Badania wtasne wykonano w dwoch etapach.

W etapie I przeprowadzono badania laboratoryjne
betondw wykonanych z cementu CEM 1 42,5R bez
dodatku pyhu, z dodatkiem pytéw mineralnych w ilo-
sci 8% 1 12% objetosci kruszywa w mieszance beto-
nowej dojrzewajacych w dwoch srodowiskach:
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— w wodzie w temperaturze +18°C przez okres 28 dni,
— w Srodowisku powietrzno-suchym w temperaturze

+18°C przez okres 28 dni.

W etapie II opracowano oraz przeanalizowano
otrzymane wyniki badan.

Badania dotyczyly betonu klasy C45/55 o stosunku
W/C = 0,54.

3. Analiza wynikow

Najwickszy przyrost wytrzymalosci na Sciskanie
odnotowano dla betonu z dodatkiem pytu mineralne-
go w ilosci 12%, ktory wynosi w 28 dniu w wodzie
56,32 MPa oraz w $rodowisku powietrzno-suchym
49,82 MPa. Procentowy przyrost wytrzymatosci na
sciskanie betonu dojrzewajacego w wodzie w sto-
sunku do betonu dojrzewajacego w $rodowisku po-
wietrzno-suchym w 28 dniu wynosi 13%. Z analizy
wynikow odczytano, ze przyrost masy probek beto-
nowych z dodatkami pytu podczas badania podciaga-
nia kapilarnego jest o 7% mniejszy w poréwnaniu do
betonu bez dodatku. Probki wykonane z betonu bez
dodatku pytu absorbuja znacznie wigksza ilos¢ wody.
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Poréwnujac srodowiska dojrzewania, to probki, ktore
dojrzewaly w srodowisku powietrzno-suchym wyka-
zaly nieznacznie wigkszy przyrost masy niz probki,
ktore dojrzewaly w wodzie. W przypadku badania
nasigkliwos$ci betony wykonane z dodatkami charak-
teryzuja si¢ mniejszg absorpcja wody. Zwiazane jest
to z uszczelnieniem zaczynu cementowego. Spadek
przyrostu masy probek z dodatkiem pyhlu dojrzewa-
jacych w wodzie wynosi 4% w stosunku do betonu
dojrzewajacego w Srodowisku powietrzno-suchym.

4. Podsumowanie

Ostatecznym celem badan byto ustalenie wplywu
dodatku mineralnego na wtasciwosci betonu. Na
podstawie przeprowadzonych badan laboratoryjnych
ustalono, ze dodatek pytu mineralnego w ilosci 12%
masy kruszywa zwiekszyt przyrost wytrzymatosci
0 18% w stosunku do betonu bez dodatku pytu. Ko-
lejng zaletg jest zmniejszenie przyrostu masy betonu
dla probek z dodatkiem pytu mineralnego w badaniu
nasigkliwosci 1 podciagania kapilarnego w stosunku
do betonu bez dodatkow.
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THE USE OF THE FOAM INDEX METHOD IN CEMENT
GROUTS FOR TESTING THE COMPATIBILITY
OF CEMENT - SUPERPLASTICIZER - AERATING
ADMIXTURE SYSTEM

Abstract

The elaboration presents a method of testing the foam index and the associated research problems. Current issues
concerning the impact selection of materials on the obtained results were broached. Tests of the foam index conducted in-
house were described and results were analyzed. An assessment was made on the basis of the results and the usefulness of
the method in terms of testing the compatibility of cement — superplasticizer — aerating admixture system was determined.

Keywords: foam index, admixtures for concrete, aeration, batched water

1. Introduction

A commonly used method of protection of concrete
against frost is its proper aeration. Still, it is a
problematic issue due to the fact that it is a complicated
process, influenced by many factors. Moreover,
intensive development of construction chemistry can
be observed. It is a strongly positive phenomenon but
another problem results from it: compatibility of the
cement — superplasticizer — aeration admixture system.
To check the correlation between these materials, it is
best to use a quick, simple testing method requiring
minimum financing. Testing of the foam index is
undoubtedly such a method.

2. Testing of foam index - course of the test

This test is not normalized. Therefore, various
testing procedures are presented in literature [1-3].

In accordance with the description contained in
[1], the test should be performed on a small sample
of grout; one should use 10 g of cement and 25 ml
of distilled water. These two ingredients should be
mixed — by shaking the buret for 60 s. The next step
is adding 2 drops of 10% aerating admixture water
solution. While dosing the admixture, one should
shake the container for 15 s each time. Observation of
the obtained foam is conducted. The test ends when
the obtained foam is stable and it floats on the surface

of the sample for a min. of 45 s. A summary volume
of the 10% aerating admixture water solution added
during the test should be assumed as the result.

3. Description of the in-house tests

For the in-house tests, three types of cements
meeting the requirements according to the standard [4]
were applied: CEM 142.5 R cement from two different
cement factories: (A and B mark) and CEM III/A 42.5
(sample mark C). Water meeting the requirements
contained in the standard [5] but with various hardness
presented in French degrees [°fH] was used; soft - 6°fH,
medium-hard — 17°fH, hard 29°fH. The samples were
marked with water hardness symbol in French degrees,
respectively - 6, 17 and 29. The admixtures with various
chemical bases, meeting the requirements contained
in the standard [6] were used: two superplasticizers
(with a various level of dosing presented in table 1) —
lignosulfonate base — L mark and acrylate base — label
A. An aerating admixture with a natural base was used
as an aerating agent.

The combinations and samples markings created
in this way are presented in Table 1. The tests
were conducted in stable temperature conditions,
maintaining the same procedures during the dosing
of ingredients and mixing.
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Table 1. Material combinations and sample markings

voeswenr [T T
A6B | A17B | A2%B | A
None B6-B | B17-B | B-29B | B
68 | C17-B | 9B | C
ALl | ATTAT | AT | A
% | Tdop | B6ll | B7-1 | B9 | B
E C6-U1 | G171 | G291 | ¢
- A6L2 | A2 | A2 | A _
2| E | 2dops | B6L2 | B2 | B29-2 | B 2
= ol | cr || o | T
A6 | ATTAT | A20A1 | A
~ | vdop | B-6A1 | B17-A1 | B2oAT | B
2 C6-A1 | C17-AT | C29-AT | C
£ A6 | ATT-A2 | A2A2 | A
" 2drops | B-6-A2 | B-17-A2 | B-29-A2 B
C6-A2 | C17-A2 | C29-A2 | C

The test method presented in [ 1] was adopted for the
tests. After mixing the cement in the amount of 10 g
with water in the amount of 25 g, the sample was
shaken for 60 s. To some samples, a plasticizer in the
amount of 1 or 2 drops was added, and then it was
shaken for 30 s. As the last ingredient, to each sample,
the 10% aerating admixture solution was dosed. After
each 2 drops of the aerating admixture, the container
with the sample was closed and it was shaken for 15 s.
This step had been repeated until the stable foam was
produced. According to the literature, a stable foam
is a foam which maintains for 45 s [1-3]. Due to the
fact that the “stable foam” significantly varied from
each other in macroscopic assessment in individual
samples (Fig. 1), in addition, as a final result it was
assumed that the produced foam should cover the
entire surface of the container.

Fig. 1. Stable foam on the surface of cement grout
samples, with various superplasticizers

To eliminate the impact of human factor on the
structure of the obtained foam, for the purpose of
tests using the foam index method, a special device
for mechanical shaking of the samples was prepared

(Fig. 2).
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Fig. 2. Device for mechanical mixing of samples during
testing of grouts using the foam index method

4, Study result

According to the literature [1-3], the test of foam
index is used for determination of the effectiveness
of aerating admixtures with various material systems.
The test result is the summary volume of the 10%
aerating admixture water solution added during the
test. The amounts of aerating admixture in [%] in
relation to the cement weight necessary for producing
a stable foam are presented in Figure 3. The smallest
demand for aerating admixture was shown by samples
without the addition of superplasticizer.
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Fig. 3. The amount of aerating admixture, necessary for
producing a stable foam

The impact of the presence of superplasticizers
on the amount of aerating admixture that has to be
added to produce a stable foam on the surface of the
container with the sample is presented in Figures 4
and 5. Samples with addition of superplasticizer
where lignosulfonate forms the base clearly
demonstrate that with the increase of the amount of
superplasticizer the difficulties with obtaining the
aeration arise [7, 8] (Fig. 4). Samples with addition
of superplasticizer, in which acrylates are a base,
showed significantly smaller demand for the amount
of the aerating admixture (Fig. 5).
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Fig. 5. The impact of the superplasticizer (acrylate
base) on the amount of aerating admixture necessary for
producing a stable foam

Due to the clear differences in macroscopic
assessment of the obtained samples, apart from
the presented test result, additional, more accurate
analyses were conducted. A clear diversity of the
height of the obtained foam is worth noting, as well as
the occurring sedimentation of ingredients. When this
process was ceasing (after 30 minutes form mixing of
the sample), a reading of the grout — water — foam
height was made with a specially prepared scale (Fig.
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Fig. 6. The height of the grout — water — foam, after 30
minutes from the last mixing of the sample

It is worth noting that the water used had an impact
on test results, in varying degrees, depending on the
type of cement, addition of superplasticizer, type of
superplasticizer. A dependence between the amount
of aerating admixture, which had to be added to the

sample to obtain a stable foam, and water hardness
for all three cements is presented in Figure 7.
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Fig. 7. Impact of water hardness on the amount of
aerating admixture

Apart from the impact of water on the amount
of aerating admixture, another important aspect
is causing a differentiation in the structure of the
produced foam (Fig. 8). Clear differences in the size
and structure of bubbles can be seen. In some samples
the bubbles were fine with a similar size, in others,
bubbles from very fine to very large can be found.

Fig. 8. Examples of samples varied in terms of water
source: containers on the left side — sample with water
with a hardness of 6°fH, on the right — sample with the

same combination of type of cement, superplasticizer and
aerating admixture but with water with a hardness of 29°fH

5. Conclusions

The conducted tests have shown that each admixture
added even in the small amount may have a significant
impact on the results.

To check the compatibility of the cement —
aerating admixture, or cement — aerating admixture
— superplasticizer system, it is worth to use the foam
index method at the initial stage. The conducted tests
confirmed the usefulness of this method, they allowed
to obtain a knowledge on which materials should
be mixed together and which combinations are not
recommended. The test of foam index takes a very
short time and samples are small, therefore one can
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quickly conduct the repetitions of a given ingredients
combination.

A Dbeneficial solution is to mechanize mixing
samples so as to reduce the number of mistakes and
increase the repeatability of test results.

It should not be forgotten that this is a qualitative
test [1] therefore, in the end it should be supplemented
by more accurate methods. Testing concrete
mixtures with an Air Cavity Analyser (AVA) is the
recommended method here.
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Wykorzystanie metody wskaznika piany w zaczynach
cementowych do badania kompatybilnosci
uktadu cement - superplastyfikator - domieszka
napowietrzajaca

1. Wprowadzenie

Powszechnie stosowang ochrong betonu przed
dziataniem mrozu jest jego odpowiednie napowie-
trzenie. Poniewaz jest to skomplikowany proces, na
ktory wptywa wiele czynnikow, wciaz jest to zagad-
nienie problematyczne. Dodatkowo zaobserwowac
mozna intensywny rozwoj chemii budowlanej. Jest
to zjawisko zdecydowanie pozytywne, lecz wynika
z niego kolejny problem: kompatybilnos¢ uktadu
cement — superplastyfikator — domieszka napowie-
trzajgca. Aby sprawdzi¢ korelacje migdzy tymi ma-
teriatami najlepiej jest zastosowaé metod¢ badan
szybka, prosta, wymagajaca minimalnych naktadow
finansowych. Niewatpliwie jest nig badanie wskaz-
nika piany.
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2. Badanie wskaznika piany - przebieg badania

Badanie to nie jest znormalizowane. Dlatego w litera-
turze przedstawione sg rézne procedury badawcze [1-3].

Zgodnie z opisem zawartym w [ 1] badanie przeprowa-
dza si¢ na matej probce zaczynu: 10 g cementu i 25 ml
wody destylowanej. Te dwa skladniki taczy sie, wstrza-
sajagc menzurke przez 60 s. Kolejng czynnoscia jest do-
dawanie po 2 krople 10% wodnego roztworu domieszki
napowietrzajacej. Podczas dozowania domieszki, po-
jemnik nalezy za kazdym razem wstrzasa¢ przez 15 s.
Prowadzi si¢ obserwacj¢ uzyskanej piany. Badanie kon-
czy sie, gdy uzyskana piana jest stabilna i utrzymuje si¢
na powierzchni probki przez minimum 45 s. Za wynik
przyjmuje si¢ sumaryczng objetos¢ 10% roztworu do-
mieszki napowietrzajacej dodanej podczas proby.
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3. Opis badain wtasnych

W badaniach wilasnych zastosowano trzy rodzaje
cementoéw spetniajacych wymagania zgodne z norma
[4]: cement CEM I 42,5 R z dwdch roznych cemen-
towni (oznaczenie A i B) oraz CEM III/A 42,5 (ozna-
czenie probki C). Zastosowano wode spetniajaca
wymogi zawarte w normie [5], ale o zr6znicowanej
twardosci przedstawionej w stopniach francuskich
[°*fH]: miekka — 6°fH, sredniotwarda — 17°fH, twarda
29°fH. Probki oznaczono symbolem twardosci wody
w stopniach francuskich odpowiednio — 6, 17 oraz 29.
Zastosowano domieszki o roznych bazach chemicz-
nych, spetniajace wymogi zawarte w normie [6]; dwa
superplastyfikatory (o réoznym poziomie dozowania
przedstawionym w tabeli 1) — baza lignosulfonian —
oznaczenie L oraz baza akrylan — oznaczenie A. Jako
srodek napowietrzajacy zastosowano domieszke na-
powietrzajaca o bazie naturalne;.

Powstate w ten sposob kombinacje oraz oznacze-
nia probek przedstawiono w tabeli 1. Badania prze-
prowadzono w stalych warunkach temperaturowych,
z zachowaniem tych samych procedur podczas dozo-
wania sktadnikéw oraz mieszania.

Do badan zaadaptowano metode badawczg przed-
stawiong w [1]. Po zmieszaniu cementu w ilosci 10 g
oraz wody w ilo$ci 25 g probke wstrzasano przez 60 s.
Do czesci probek dodano plastyfikator w ilosci 1 lub
2 kropli, po czym wstrzasano przez 30 s. Jako ostatni
sktadnik do wszystkich probek dozowano dziesigcio-
procentowy roztwor domieszki napowietrzajacej. Po
kazdych 2 kroplach domieszki napowietrzajacej po-
jemnik zprobka zamykano i wstrzagsanonimprzez 15s.
Czynno$¢ te¢ powtarzano do momentu wytworzenia
stabilnej piany. Wedlug literatury stabilna piana to
taka, ktora utrzymuje si¢ przez 45 s [1-3]. W zwiazku
z tym, ze ,,stabilna piana” bardzo wyraznie r6znita si¢
migdzy soba w ocenie makroskopowej w poszczego6l-
nych probkach (rys. 1), dodatkowo za wynik konco-
wy przyjeto, ze powstata piana ma zajmowac cata
powierzchni¢ pojemnika.

Aby wyeliminowa¢ wptyw czynnika ludzkiego na
strukture uzyskanej piany, na potrzeby badan meto-
da wskaznika piany, zostato przygotowane specjal-
ne urzadzenie do mechanicznego wstrzasania pro-
bek (rys. 2).

4. Wyniki badan

Zgodnie z literaturg [ 1-3], badanie wskaznika piany
wykorzystuje si¢ do okreslania efektywnosci dziata-
nia domieszek napowietrzajacych, przy zréznicowa-
nych uktadach materiatowych. Wynik badania stano-

wi sumaryczng objetos¢ 10% roztworu domieszki na-
powietrzajacej dodanej podczas proby. Na rysunku 3
przedstawiono ilo$¢ domieszki napowietrzajacej
w procentach w stosunku do masy cementu, niezbed-
nej do wytworzenia stabilnej piany. Najmniejsze za-
potrzebowanie na domieszke napowietrzajacg wyka-
zaty probki bez dodatku superplastyfikatora.

Na rysunkach 4 i 5 przedstawiono wptyw obecno-
$ci superplastyfikatorow na ilo§¢ domieszki napowie-
trzajacej, jaka trzeba doda¢, aby na powierzchni po-
jemnika z probka wytworzy¢ stabilng piang. Dla pro-
bek z dodatkiem superplastyfikatora, gdzie bazg jest
lignosulfonian, wyraznie wida¢, ze wraz ze wzrostem
ilosci superplastyfikatora pojawiajg si¢ trudnosci
z uzyskaniem napowietrzenia [7, 8] (rys. 4). Znacznie
mniejsze zapotrzebowanie na ilo§¢ domieszki napo-
wietrzajacej wykazaly probki z dodatkiem superpla-
styfikatora, ktérego bazg sg akrylany (rys. 5).

W zwigzku z wyraznymi réznicami w ocenie ma-
kroskopowej uzyskanych prébek, oprocz przedsta-
wionego wyniku badania, przeprowadzono dodat-
kowe, dokladniejsze analizy. Na uwage zastuguje
wyrazne zréznicowanie wysokosci uzyskanej piany,
a takze wystepujaca sedymentacja sktadnikéw. Gdy
proces ten ustawatl (po 30 minutach od wymieszania
probki), specjalnie przygotowang podziatka dokony-
wano odczytu wysokosci zaczynu — wody — piany
(rys. 61 8).

Na uwage zastuguje fakt, ze réwniez uzyta woda
miata wptyw na wyniki badan, w réznym stopniu,
w zalezno$ci od rodzaju cementu, dodatku superpla-
styfikatora, rodzaju superplastyfikatora. Na rysunku
7 przedstawiono zaleznos$¢ ilosci domieszki napowie-
trzajacej, jaka nalezato doda¢ do probki, aby uzyskac
stabilng piane, od twardosci wody, dla wszystkich
trzech cementow.

Oprocz wpltywu wody na ilo§¢ domieszki napowie-
trzajacej innym istotnym aspektem jest spowodowa-
nie zréznicowania w strukturze wytworzonej piany
(rys. 8). Wida¢ wyrazne roéznice w wielkosci i budo-
wie pecherzykow. Dla czgsci probek pecherzyki byty
drobne i o zblizonej wielkosci, w innych mozna spo-
tka¢ od bardzo drobnych po bardzo duze pecherzyki.

5. Wnioski

Przeprowadzone badania wykazaty, ze kazda do-
mieszka, dodana nawet w niewielkiej ilosci, moze
istotnie wptywac¢ na wyniki.

Aby sprawdzi¢ kompatybilnos¢ uktadu cement —
domieszka napowietrzajaca lub cement — domieszka
napowietrzajaca — superplastyfikator warto we wstep-
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nym etapie wykorzysta¢ metode wskaznika piany.
Przeprowadzone badania potwierdzity przydatnos$c
tej metody, pozwolity na uzyskanie wiedzy, ktoére
materiaty nalezy ze sobg laczy¢, a ktére kombinacje
sg niezalecane. Samo badanie wskaznika piany trwa
bardzo krétko, a probki sa niewielkie, w zwigzku
z tym mozna szybko przeprowadzi¢ powtdrzenia da-
nej kombinacji sktadnikow.

Korzystnym rozwigzaniem jest zmechanizowanie
mieszania probek, tak aby zmniejszy¢ ilos¢ bledow
1 zwigkszy¢ powtarzalnos¢ wynikow badan.

Nie nalezy zapominaé, ze jest to badanie jakoscio-
we [1], w zwiazku z tym ostatecznie powinno by¢
uzupehlnione o metody doktadniejsze. Tu zalecang
metoda jest badanie mieszanek betonowych analiza-
torem pustek powietrznych AVA.
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Abstract

Taking into account the growing significance of structural timber in the building industry, the paper aims at defining the
selected mechanical and physical properties of the Polish pine structural sawn timber from four nature and forest lands:
Land A — Mazovian-Podlasian Nature and Forest Land (Forest District Garwolin), Land B — Little Poland Nature and
Forest Land (Forest District Przedborz), Land C — Silesian Nature and Forest Land (Forest District Kedzierzyn Kozle),
Land D — Carpathian Nature and Forest Land (Forest District Piwniczna)[4]. The paper presents the definition of timber; its
macroscopic and microscopic structure as well as factors affecting the mechanical properties of timber such as moisture or
structural defects. The conducted tests involved sorting sawn timber in terms of strength using visual method according to
the PN-D-94021 standard as well as characterizing the average moisture of the fresh and artificially dried sortment [6-8].

Keywords: timber, macroscopic and microscopic structure, physical and mechanical properties, moisture, Poland’s nature
and forest lands, fresh and dried sawn timber, artificial drying, sorting in terms of strength

1. Introduction

Timber is an organic material whose properties
depend on wood species and, thus, are immensely
varied. Timber is anisotropic (it has different
qualities in different directions) and non-uniform (it
has defects). Macroscopic features include elements
larger than 0.1 mm such as annual growth rings,
latewood and early wood zones, heartwood, wide
medullary rays, large vessels, resin leaks and knots.
On the basis of macroscopic features, it is possible to
distinguish the type of structure, identify the specific
wood species, and determine its properties. These
features are most commonly observed on three basic
wood sections: tangential, radial and transverse.
Timber microscopic structure includes such
structural details that can be studied by examining
the material under an optical microscope. Most of
the cells are parallel to the longitudinal axis of the
trunk, and some have a shape of well-elongated
spindles [1]. The factors that most significantly
affect timber mechanical properties include the
following: wood anatomical direction, moisture
content, the distribution of structural defects
(knots, twisted fibres, cracks, resin pockets, bark

pockets and rind galls, insect galleries) [2]. Timber
moisture is the most significant parameter of this
material. Moisture content affects timber’s weight,
dimensions, volume, strength, resistance to fungi and
insects. As a hygroscopic material, wood is capable
of exchanging water vapour with the surrounding
air. Surface sorption mechanism is dominant in the
process. Wood moisture content changes until the
pressure of the water vapour inside the material
and that of the water vapour in the surrounding air
reach equilibrium. Changes in the moisture content
within the hygroscopic range are accompanied by
the changes in the dimensions and volume of the
timber. That is a two-way process resulting in timber
shrinking or swelling. Timber shrinkage involves the
reduction in size and volume due to the water vapour
release. Swelling increases wood linear dimensions
and volume as a result of water (vapour) absorption,
which leads to a higher moisture content. Changes
in timber dimensions, together with the material
anisotropy and non-uniformity produce a number
of adverse effects, including shape deformation of
wooden elements (warping) and disruption of the
material structure (cracking) [3].
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2. Strength and structural properties of structural sawn
timber

2.1. Origin of research material

The paper aims at defining the chosen mechanical
and physical properties of the Polish pine structural
sawn timber from four selected nature and forest
lands, characterized in Table 1.

Table 1. Origin of research material

Code Habitat

Land A Mazovian-Podlasian Nature and Forest Land
Forest District Garwolin

Land B Little Poland Nature and Forest Land
Forest District Przedborz

Land C Silesian Nature and Forest Land

Forest District Kedzierzyn Kozle

Land D (arpathian Nature and Forest Land

Forest District Piwniczna

Five batches of sawn timber with differently sized
cross-sections and with 40 pieces each were selected
from each land, with the exception of the cross section
of 40 x 82 mm. The length of the sawn timber was
app. 4.0 m [4]. 240 pieces of the sawn timber were
examined in total [5]. The dimensions of the sawn
timber from different lands are presented in Table 2.

Table 2. Dimensions of the cross sections of the sawn
timber from different Poland’s nature and forest lands

Nature and forest land
; . In total
Dimension [mm] A ‘ B ‘ C ‘ D
Number of pieces
37 X 48 X 4050 10 10 10 10 40
40 % 82 %X 3650 20 25 25 10 80
50 % 100 x 4000 10 10 10 10 40
50 125 % 4000 10 10 10 10 40
50 200 x 4000 10 10 10 10 40
Total 60 65 65 50 240

2.2. Measuring the moisture content of the fresh
and artificially dried sawn timber

The examinations were conducted in industrial
conditions in the Tartak OLCZYK company in
Swidno. Prior to the examinations, the sawn timber
was marked, measured and stacked in packets
with regard to the dimension and the origin. The
moisture was measured using a moisture meter
regularly checked and calibrated in accordance '
with the manufacturer’s (the GANN company) Fig. 1. Measuring the moisture content of the fresh
instructions (Fig. 1). sortment using the HT 65 GANN moisture meter [6-7]
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Table 3. Moisture content in the fresh sawn timber from different Poland’s nature and forest lands

Dimensions Number of samples Average moisture Standard deviation Mean error The coe_fﬁFient of Accuracy rate
Land code [mm] ] ;:)yr:;egn; bef?(;e] S [%] S %] vavrl[e:;;)n (for 1{—)0[07]0.95)
i L0 ! o ()

A 37 X 48 X 4050 10 33.66% 1.48% 0.47% 4.40% 0.92%

B 37 X 48 X 4050 10 34.10% 2.21% 0.70% 6.48% 1.37%

C 37 % 48 X 4050 10 34.69% 1.23% 0.39% 3.54% 0.76%

D 37 x 48 X 4050 10 35.40% 1.94% 0.61% 5.48% 1.20%

A 40 % 82 X 3650 20 35.90% 1.20% 0.27% 3.34% 0.53%

B 40 x 82 % 3650 25 39.79% 1.88% 0.38% 4.71% 0.74%

C 40 x 82 % 3650 25 36.60% 1.74% 0.35% 4.76% 0.68%

D 40 x 82 X 3650 10 40.94% 2.19% 0.69% 5.34% 1.36%

A 50 % 100 x 4000 10 34.00% 2.19% 0.69% 6.44% 1.35%

B 50 < 100 x 4000 10 38.30% 1.32% 0.42% 3.45% 0.82%

C 50 % 100 x 4000 10 39.40% 1.98% 0.63% 5.01% 1.23%

D 50 % 100 x 4000 10 38.40% 1.99% 0.63% 5.18% 1.23%

A 50 % 125 % 4000 10 39.20% 1.44% 0.46% 3.68% 0.89%

B 50 % 125 % 4000 10 41.30% 1.96% 0.62% 4.74% 1.21%

C 50 % 125 % 4000 10 39.20% 1.37% 0.43% 3.50% 0.85%

D 50 % 125 % 4000 10 42.50% 1.71% 0.54% 4.03% 1.06%

A 50 % 200 % 4000 10 40.40% 1.46% 0.46% 3.60% 0.90%

B 50 % 200 % 4000 10 42.20% 1.86% 0.59% 4.41% 1.15%

C 50 % 200 % 4000 10 40.20% 1.28% 0.40% 3.18% 0.79%

D 50200 % 4000 10 43.60% 1.34% 0.43% 3.09% 0.83%

During the sawn timber moisture content |soore s
measurements the following recommendations were |0 BLAND B
observed. The moisture content was measured in | ****" e

the middle of the plank width, no farther than 0.5 m
from the head, with the spots of measurement being
selected at random provided they were not soiled or
defective. There were three measuring spots on each
side of the sawn timber, in each spot the moisture was
measured at least three times. The distance between
the measuring spots was 10-15 mm.

The arithmetic mean of three measurements with
most similar values was adopted as the measurement
result [6].

Small differences of results were caused by the
fact that all the sawn timber assortments were
prepared for the examination at the same time (Table
3). The analysis shows that the sawn timber from
the Mountain Pine Belt has the maximum average
moisture content, the exception being the sawn timber
planks measuring 50 x 100 x 4000 mm from Land C —
forest district Kedzierzyn Kozle, with the maximum
average moisture content of 39.4%. The sawn timber
from Land A — Mazovian Podlasian Nature and Forest
Land had the lowest recorded value (Fig. 2).

20,00% -

10,00% |

0,00% -
375484050  40<82+3650 50<100<4000 50+125x4000 50+200<4000

Fig. 2. Moisture content of the fresh sortment from
different nature and forest lands

Then the timber was arranged into packets with
regard to cross sections and transported by forklift
truck to 5 drying chambers. There were different
initial and final temperatures determined for each
sortment. The target moisture content of 10% was
adopted. When the adopted parameters were achieved,
the moisture content in each piece of the sawn timber
was analyzed again (Fig. 3).

16,00%
14,00%
12,00% -
10,00% -
8,00%
6,00% -
4.00% -
2,00% -
0,00%

mLAND A
OLAND B
ELAND C
WLAND D

37548-4050  4082+3G650 50+100<4000 5041254000 50+200+4000

Fig. 3. Moisture of the dried sortment from particular
Poland’s nature and forest lands
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Table 4. Artificial drying of sawn timber from different Poland’s nature and forest lands

Land Number of Average Standard deviation Mean The coefficient of Accuracy rate
code Dimensions [mm] | samples | Ts[°C] | Tf[°C] | t[h] mojsture after S [%] error variation (for 1-a=0.95)
n [pcs] dryingm_, [%] s, [%] v [%] p [%]
A 37 X 48 X 4050 10 60 65 192.5 10.51% 0.46% 0.14% 4.36% 0.28%
B 37 X 48 X 4050 10 60 65 1925 11.1% 0.82% 0.26% 7.38% 0.51%
C 37 X 48 X 4050 10 60 65 192.5 10.85% 0.61% 0.19% 5.59% 0.38%
D 37 x 48 X 4050 10 60 65 192.5 10.7% 0.45% 0.14% 4.19% 0.28%
A 40 < 82 X 3650 20 55 60 220.08 10.6% 0.54% 0.12% 5.12% 0.24%
B 40 x 82 % 3650 25 55 60 220.08 11.78% 0.78% 0.16% 6.62% 0.31%
C 40 x 82 X 3650 25 55 60 220.08 10.6% 1.13% 0.23% 10.65% 0.44%
D 40 x 82 X 3650 10 55 60 220.08 11.77% 0.67% 0.21% 5.69% 0.42%
A 50 % 100 x 4000 10 55 65 278.08 11.8% 0.27% 0.08% 2.26% 0.17%
B 50 100 x 4000 10 55 65 278.08 12.8% 0.42% 0.13% 3.26% 0.26%
C 50 100 x 4000 10 55 65 278.08 12.4% 0.32% 0.10% 2.59% 0.20%
D 50 100 x 4000 10 55 65 278.08 12.6% 0.60% 0.19% 4.74% 0.37%
A 50 % 125 x 4000 10 55 65 298.25 12.4% 0.58% 0.18% 4.71% 0.36%
B 50 % 125 x 4000 10 55 65 298.25 12.2% 0.80% 0.25% 6.53% 0.50%
C 50 % 125 x 4000 10 55 65 298.25 11.8% 0.88% 0.28% 7.43% 0.54%
D 50 125 x 4000 10 55 65 298.25 12.3% 1.09% 0.34% 8.85% 0.68%
A 50 200 x 4000 10 55 65 316.75 13.2% 0.48% 0.15% 3.64% 0.30%
B 50 200 x 4000 10 55 65 316.75 14.8% 0.53% 0.17% 3.58% 0.33%
C 50 200 x 4000 10 55 65 316.75 13.6% 0.60% 0.19% 4.38% 0.37%
D 50 200 x 4000 10 55 65 316.75 15.0% 0.51% 0.16% 3.41% 0.32%

Artificial drying allows the dry timber to be
obtained in a short time and eliminates infecting the
timber with fungi, growing easily in the humidity of
22-24%. However, artificial drying requires costly
specialist equipment and is more expensive than
natural drying. A very important rule should be
observed, the rule says that in the initial period of
drying the air in the dryer is not very hot and it has
a high humidity content, then — as the timber dries —
the air temperature can be raised and humidity can be
decreased.

The first period of drying is characterized by high
desorption stress in timber. If, during this period,
the timber drying process is too rapid (drying is too
fast), a sudden increase in stress occurs in the timber
structure and the timber breaking point is exceeded. It
causes the appearance of the surface and head cracks
in the pieces of the sawn timber. In the further stage
of the rapid timber drying inner cracks are formed.
They are seemingly imperceptible. The moisture
content analysis of the dried sawn timber shows that
as far as small cross sections are concerned, the sawn
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timber from Land B — Little Poland Nature and Forest
Land has the maximum average moisture content,
whereas Land A has the lowest one. The exception
is the cross section measuring 50 x 125 x 4000 mm,
in the case of which Land A sawn timber has the
maximum moisture content, and Land C sawn
timber — the minimum one. The sawn timber
with the cross section of 50 x 200 x 4000 mm
has the maximum moisture content in the samples
from Land D and the minimum one in the specimens
from Land A (Fig. 3). The coefficient of variation
is significant, since the analyzed sortment was not
divided into sapwood and heartwood (Table 4).

2.3. Methodology of sorting of the sawn timber in terms
of strength using the visual method in accordance
with the PN-D-94021 standard [8]

After the moisture content examination the visual
sorting took place [9]. Each piece was thoroughly
analyzed. All the features were measured, including
knottiness, twisted fibres, surface and head cracks,
lengthwise curvature of sides and planes, crosswise
curvature, warpedness, wanes, bark pockets, fibre
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waviness. Most attention was paid to knots, which
usually determined the quality grade of the sawn
timber. Along the length of each piece of the sawn
timber the knots therein were projected on the
auxiliary checked paper sheets with the dimensions
of the cross section of the sorted sawn timber. The
obtained drawings provided the base for determining
the knottiness coefficient. In determining the
knottiness coefficients the attention was paid to the
location of knots in all the cross section an in the
marginal zones [4].

70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

BLAND A
OLAND B
BLAND C
BLAND D

KW KS KG recoil

Fig. 4. Percentages of the sorting classes obtained as
a result of the visual sorting of the sawn timber from
particular Poland’s nature and forest lands

The strength-related sorting revealed that
Mazovian-Podlasian Nature and Forest Land yielded
the highest number of pieces in the KW (high quality)
class (six pieces) and in the KS (medium quality)
class (13 pieces) in comparison with other lands. The
sawn timber from Carpathian Nature and Forest Land
was distinctly the worst of all the analyzed batches.
Only one piece was classified as being the KW class
and only three pieces as the KS class. This batch of
the sawn timber yielded the largest number of rejects
— as many as 29 pieces, which amounts to 58% of the
whole sawn timber from this land (Fig. 4).

3. Conclusions

1. In general, the sawn timber from Carpathian Nature
and Forest Land revealed the highest value of
average moisture content. The sawn timber batch
measuring 50 x 100 x 4000 mm from Silesian
Nature and Forest Land is an exception here.

2. When subjected to artificial drying, the sortment
with smaller cross sections from Little Poland
Nature and Forest Land revealed the highest
average moisture content.

3. Sorting the sawn timber from Mazovian-Podlasian
Nature and Forest Land yielded the highest number
of pieces of the KW class (six pieces) and of the
KS class (13 pieces) in comparison with the results
of sorting the sawn timber from other lands.

4. The sawn timber from Carpathian Nature and

Forest Land was distinctly the worst of all the
analyzed batches. Only one piece was classified as
being the KW class and only three pieces as the KS
class [4].

5. The obtained results permit the conclusion that
the introduction of Polish classes: KW, KS and
KG (lower quality) into the PN-EN 1912 standard
should be connected with the introduction of
the division into the sawn timber from Northern
Poland and from Southern Poland [4, 10].
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sorted structural timber with a rectangular cross section
— Part 1: General Requirements [in English].

[10] PN-EN 1912:2012 Structural timber — Strength
classes — Visual division into classes and sorts [in
English].
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Wtasciwosci strukturalno-wytrzymatosciowe
drewna konstrukcyjnego

1. Wprowadzenie

Drewno to material pochodzenia organiczne-
go, wykazujacy w zaleznos$ci od gatunku ogromna
zmienno$¢ swoich wilasciwosci. Jest anizotropowy
(r6zne wiasciwosci w réznych kierunkach) i nie-
jednorodny (posiada wady). Do cech makrosko-
powych zalicza si¢ wielkosci ponad 0,1 mm, ta-
kie jak przyrosty roczne, strefy drewna pdznego
i wczesnego, twardziel, szerokie promienie rdze-
niowe, duze naczynia, wycieki zywiczne, s¢ki. Do
budowy mikroskopowej =zaliczane sa szczegoty
jego struktury, ktore mozna zobaczy¢ przy uzyciu mi-
kroskopu optycznego [1, 3].

2. Wtasciwosci strukturalno-wytrzymatosciowe tarcicy
konstrukcyjnej

2.1. Pochodzenie materiatu badawczego

Za cel pracy przyjeto okreslenie wybranych wia-
$ciwosci mechanicznych i fizycznych polskiej so-
snowej tarcicy konstrukcyjnej, pochodzacej z czte-
rech wybranych krain przyrodniczo-lesnych Polski,
scharakteryzowanej w tabeli 1. Z kazdej krainy wy-
brano po pie¢ partii tarcicy o réznych wymiarach
przekroju poprzecznego i liczebnosci 40 sztuk kazda,
z wyjatkiem przekroju poprzecznego 40 x 82. Dtu-
gos¢ tarcicy wynosita okoto 4,0 m [4]. Ogétem bada-
niom poddano 240 sztuk tarcicy [5]. Charakterystyke
wymiarowg tarcicy pochodzacej z poszczegoélnych
krain przedstawiono w tabeli 2.

2.2. Pomiar wilgotnosci tarcicy Swiezej i wysuszonej
sztucznie
Badanie zostato przeprowadzone w warunkach
przemystowych, w firmie Tartak OLCZYK w Swid-
nie. Przed rozpoczeciem badan tarcica zostala ozna-
kowana, zmierzona oraz poukladana w pakiety, ze
wzgledu na wymiar i pochodzenie. Przeprowadzono
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pomiar wilgotnosci, postugujac sie wilgotno$ciomie-
rzem regularnie sprawdzanym i kalibrowanym, zgod-
nie z instrukcjg producenta przyrzadu [6]. Nastepnie
ponownie pouktadano przekrojami tarcice w pakiety
i za pomoca wozka widlowego, przetransportowa-
no ja do pieciu komor suszarnianych. Dla kazdego
sortymentu ustalono r6zna temperature poczatkowa
i koncowa. Za punkt docelowy przyjeto uzyskanie
wilgotnosci 10%.

2.3. Metodyka wytrzymato$ciowego sortowania tarcicy
metoda wizualng zgodnie z PN-D-94021 [8]

Po przeprowadzonej analizie wilgotnosci przysta-
piono do sortowania wizualnego [9]. Kazda sztuke
doktadnie obejrzano. Dokonywano pomiaru wszyst-
kich wystepujacych w niej cech, jak: sgkatos¢, skret
wiokien, peknigecia na ptaszczyznie i peknigcia
czotowe, krzywizny podtuzne bokdéw, krzywizny
podtuzne ptlaszczyzn, krzywizny poprzeczne, wi-
chrowatos$¢, obliny, zakorki, pecherze zywiczne, fa-
listos¢ wiokien [4].

3. Wnioski

Tarcica $§wieza, pochodzaca z Karpackiej Kra-
iny Przyrodniczo-Les$nej, odznaczata si¢ najwyzsza
wilgotno$cig $rednig. Wyjatkiem jest partia tarcicy
owymiarach 50 x 100 x 4000, ze Slaskiej Krainy Przy-
rodniczo-Le$nej. W wyniku suszenia sztucznego naj-
wyzsza $rednia wilgotnos¢, charakteryzowata sorty-
ment o mniejszych przekrojach poprzecznych, pocho-
dzacy z Matopolskiej Krainy Przyrodniczo-Lesne;.
W wyniku sortowania tarcicy z Mazowiecko-Podla-
skiej Krainy Przyrodniczo-Les$nej, uzyskano najwiek-
sza liczbe sztuk w klasie KW (6 sztuk) i w klasie KS
(13 sztuk), w poréwnaniu z wynikami sortowania tar-
cicy pochodzacej z pozostatych krain.
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THE EFFECT OF THE SOIL GRANULOMETRIC
COMPOSITION ON THE FID (FREE INDUCTION DECAY)
SIGNAL INTENSITY IN NMR TESTS

Abstract

The influence of the soil granulation, grain diameter and the soil type on the FID signal intensity is presented. The FID
signal intensity is used to determine the water content in soil sample by the use of the NMR spectrometry. Eighty five
samples taken from four different soils (3 sand,1 sandy silt) were tested. The samples were characterized by different
masses and water contents. The results of the FID signal intensity were compared to the mass of water in soils calculated
by empirical formula obtained for clay soils and the mass of water obtained by the oven-drying method. The empirical
Jormula using FID Signal Intensity can be used to calculate the mass of water in every soil regardless of its type. The
type of soil, grain diameter and granulation do not appear to influence the FID Signal Intensity value. The factors that
influence the FID Signal Intensity are the mass of water in soil, the water content in case of poorly sorted soils and the
mass of soil sample in well sorted soils. The statistical analysis were conducted using Statistica 9.1 software.

Keywords: non cohesive soil, well and poorly sorted soil, granulometric composition, NMR methods, FID Signal ooling

1. Introduction

Nuclear Magnetic Resonance (NMR) Spectrometry
method is widely used for both scientific research
and in industry [1, 2]. The method is still rarely used
in soil science, mainly because of the concerns that
soils could be too heterogeneous material for NMR
spectrometry tests. According to reference data [3-5],
a lot of different factors could have an influence on the
signal intensity, which is the direct result of FID (free
induction decay) tests. Therefore, interpretation and
analysis of the result should be done very carefully.
Despite this, NMR method has numerous advantages,
such as the short time of the test running and the
possibility of using one sample in several test [5, 6]
(NMR tests are non-destructive), and therefore, the
authors of this paper attempted to evaluate the influence
of the granulation, grain diameter and the soil type on
the FID signal intensity. In other words, an experiment
was designed to indicate whether some portion of

water gives the same signal intensity in different soils,
or maybe some factors disturb the signal, causing its’
enhancement (or undervaluation). Disturbed signal can
cause the incorrect determination of water content in
soil sample by the use of NMR method.

2. Experiment and Materials

For this study, four natural soils were used. The soils
were obtained from Swietokrzyskie region in Poland.
According to PN-EN ISO 14688-1:2006 there were
three sands (Sa) and one sandy silt (saSi). A total
of 85 samples were tested. 42 specimen were well
sorted soils (Cu < 6) which separated from the sand
(Sa) by the sieving analysis. There were: gravel (Gr)
d=2.5 mm, coarse sand (CSa) d=1 mm and d =2 mm,
medium sand (MSa) d = 0.5 mm and d = 0.25 mm,
fine sand (FSa) d = 0.1 mm, silt (Si) d < 0.063 mm.
43 specimen were poorly sorted soils: medium sand
(MSa), fine sand (FSa) and sandy silt (saSi) (Table 1).
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Table 1. Granulometric parameters of poorly sorted soils

Parameters Medium sand Fine sand Sandy silt
Gravel fraction [%] 7 4 0
Sand fraction [%] 88 88 35
Silt fraction [%] 5 8 65

dg, [mm] 03 02 0.03
Cu (uniformity coefficient) 10 6.4 6.7

Bruker Minispec mq20 spectrometer was used in
the experiments. The research was conducted with
normal field of 0.47 Tesla corresponding to frequency
of 20 MHz. NMR method is based on the excitation
of nuclear spins in an external magnetic field through
a quick change of magnetic field, and the registration
of the electromagnetic radiation arising due to the
relaxation phenomenon (the nuclear spins return to
the equilibrium thermodynamic) [7]. Resarchers [3,
6, 8, 9] suggested that the technique can be adapted
for use in soil investigations. The soil specimens have
a mass between 0.04 and 2.75 g and water content
between 0 and 64.7% (Table 2).

Table 2. Mass and water content in experimental soils

Parameters Well sprted Poorly .sorted
soils soils
Average 0.31 0.66
mass(m) [g] Minimum 0.1 0.04
Maximum 0.54 2.75
Average 17.36 11.62
water content(w) [%] | Minimum 6.09 0
Maximum 64.7 23.95

According to apparatus specification, samples of
9 x 10 mm max. size were placed in glass NMR tubes.
Next, Free Induction Decay (FID) were registered
at room temperature for each soil sample. After the
experiment, the samples were dried at 105°C for 24
hours in purpose to determine the mass of water in
soil (m_, T) and the water content (w, T).

Many studies [3-5] indicate that the soil properties
influence the FID signal intensity. To test this
hypothesis, the parameters were used directly related
to the intensity of the FID signal. For each soil the mass
of water (m , formula) (1) and the water content (w,
formula) (2) were calculated as follows (1), (2) [10]:

_ FID-0.8607

m 1
v 0.4051 M
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FID-0.8607

w= x100% 2)
0.4051xm-FID+0.8607

where:

m_ — mass of water [mg],

w — water content [%],

FID — intensity of Free Induction Decay signal [%],
m — mass of soil sample [mg].

There were experimental formulas obtained by the
present authors on the basis of clay soils tested [10].
Obtaining similar values calculated by formulas (1),
(2) and traditional oven- drying method for the tested
soils well and poorly sorted could indicate that the type
of soil has no influence on the FID Signal Intensity.
The type of soil is in a direct relationship with its
granulometric composition. The paper presents the
influence of the granulometric composition of soil
on the FID Signal Intensity. On the basis of obtained
results, the statistic analysis has been carried out in
the Statistica 9.1 software.

3. Results and Analysis

The potential predictors for FID Signal Intensity
were calculated with using the correlation matrix tool.
There were considered correlations between FID Signal
Intensity and the mass of water and the water content
calculated from the traditional oven-drying method
(m_, T), (w, T) and according to formula (1), (2) (m,,
formula) as well as grain diameter (d) in the case of
well sorted soil and the type of soil in the case of poorly
sorted soil. The results are summarized in Table 3.

Table 3. The correlation coeffictient for FID Signal Intensity
with the mass of water, the water content, the mass of soil
sample, grain diameter and the type of soil for well and
poorly sorted soils(effects p < 0.05 marked)

The correlation coefficient for FID with
m, w * *%
m, [Tl [formula] ol [formula] m ¢ type
Well . 0.98 1.00 0.32 0.37 0.72 | -0.26 -
sorted soil
Poorly | oga | 100 | 079 | 052 | 050 | - | 0
sorted soil

*grain diameter d = 2.5; 2; 1; 0.5; 0.25; 0.1; < 0.063 [mm]
** medium sand (MSa), fine sand (FSa), sandy silt (Sasi)

The best correlation with FID was obtained for the
mass of water calculated according to the formula (1)
derived for clay soils, which may indicate that the type
of soil has no influence on the FID Signal Intensity. In



THE EFFECT OF THE SOIL GRANULOMETRIC COMPOSITION ON THE FID (FREE INDUCTION DECAY) SIGNAL ...

environment

addition, the high correlations with the water content
calculated by formula (2) for clay soils in the tested
non-cohesive soils with water content determined by
the oven-drying method r = 0.98 for the weak sorted
soils and 0.91 for poorly sorted soils were obtained.
This may indicate that the formula (2) is valid
regardless of the type of soil. In the case of well sorted
soils, the results indicate a statistically significant
influence of the mass of soil specimen (0.72)
(p = 0.00) (Fig. 1) on the FID Signal Intensity. An
influence of the water content (0.79) (p = 0.04) is
observed and in the case of poorly sorted soil.

FID =4,8072+ 28,752 * mass of soil specimen
correlation r= 71508

FID [%]

0.0 0.1 0z 0.2 0.4 0.5 0.8

mass of soil spacimen [g) | " _95% confidence interval |

Fig. 1. The relationship between mass of soil specimen
and FID Signal Intensity

The correlation coefficients of the grain diameter
and the type of poorly sorted soils with FID Signal
Intensity were not statistically significant. Multiple
Regression Analysis for estimating the relationships
among variables was conducted. Results indicated
a not statistically significant influence of the grain
diameter (d) on the mass of water in soil (m, T)
(p = 0.14) and FID Signal Intensity (p = 0.09) (Fig. 2).

FID =13003-2,157 = gramn ciamatsrin sol

correlation :r= - 2628

FID [%)]

0.0 0.5 1.0 1.5 20 25 3.0

grain diamstar in soil [Mm] [~o_95% confidence interval |

Fig. 2. The relationship between grain diameter of soil
and FID Signal Intensity

The Analysis of Variance (ANOVA) for estimating
influence of the type of soil on the FID Signal
Intensity were conducted. Results indicated that we
couldn’t reject the null hypothesis (Table 4).

Table 4. The Analysis of Variance ANOVA for the type of
soil and FID Signal Intensity

55 df Ms F p
Intercept | 2409395 | 1 | 24093.95 | 1629892 | 0.000000
Typeofsoil | 20249 | 2 | 10125 | 06849 | 0.509949
Error 5913.00 | 40 | 147.83

Linear Regression Analysis showed no linear
relationship (p = 0.25) between the type of soil and
FID Signal Intensity (Fig. 3).

FID  =12.082 + 24882 ° soil typs
correlation: r= 17044

FID [%]

L]
]

10 a
o
a
5 a &
a
o MSa FSa =a8i 4

soil typs [o.25% confidencs interval |

Fig. 3. The relationship between the type of soil and FID
Signal Intensity

4. Conclusions

1. The empirical formulas (1) using FID Signal
Intensity can be used to calculate the mass of water
in every soil regardless of its type.

2. The use of FID application in NMR research to
determination of the amount of water in soil seems
to be a proper tool in soil investigations in spite of
the heterogeneous soil structure.

3. The type of soil, grain diameter and granulation
do not appear to influence the FID Signal Intensity
value.

4. The mass of water in soil, the water content in case
poorly sorted soils and the mass of soil sample in
well sorted soils may be the factors influencing the
FID Signal Intensity.
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process. Plants heavily transpiring fully utilize
the excess of the rainwater, thus contributing to
increasing atmospheric humidity. It is estimated that
approx. 10% atmospheric moisture comes from the
transpiration process, which confirms the significant
participation in the hydrological cycle [12].

Also relevant are plants with phytoremediating?
properties. Rainwater from roofs and pavements
and squares, which do not require treatment using
technical equipment, carries a load of pollutants,
coming largely from the air. Natural filter for them
can be soil, however with support for the purification
process performed by the vegetation. It is desirable
as it enhances the quality of the water before it is
introduced to further circulation or re-use by man.

Biological treatment is a specific property of wetland
ecosystems which through physical, chemical and
biological decomposition of the polluting substances
into simple, easily assimilated by plants compounds
(approx. 10-15%). Another aspect of the decomposition
process are micro-organisms (responsible for the
cleaning process). Some species have the ability
to download a heavy metal from the substrate and
incorporate them into plant fabric. Biological treatment
can be implemented using Common reed (Phragmites
communis). Reed areas act as the sewage receiver and
rainwater storage reservoirs.

Another element that could play a crucial role in
shaping water conditions is a stone/gravel arrangement
on the surface. An internationally renowned expert in
Austrian agriculture Sepp Holzer [13] uses the stones
to stop the water in the soil and create a positive
microclimate for the fruit trees. He states that the use
of stones can help plants survive in not indigenous for
them environment. He arranges large stones around
the trees so that they capture heat and give them
back later to the plants. Arranging stones in such
a way brings a cooling effect, retains moisture and
causes water condensation, which acts as a natural
drip irrigation system. The soil under stones stays
moist and is inhabited by many species of insects and
worms. The rocks located next to the plant help the
plants to adjust the changing temperature [10].

2 Phytoremediation describes the treatment of environmental
problems (bioremediation) through the use of plants that mit-
igate the environmental problem without the need to excavate
the contaminant material and dispose of it elsewhere. Phytore-
mediation is a cost-effective plant-based approach to remedia-
tion that takes advantage of the ability of plants to concentrate
elements and compounds from the environment and to metabo-
lize various molecules in their tissues. Toxic heavy metals and
organic pollutants are the major targets for phytoremediation.
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Hugelkultur in German, literally understood as a
mound culture could serve as well as an eco-friendly
way to keep soil moist. It is being constructed with
leakingmounds made ofthelogs or otherwoodresidues
and backfilled with soil and after that planted. As the
wood placed underground decomposes and valuable
nutrients appear in the soil. The decomposing wood
acts like a sponge, absorbing quickly rainwater, and
then slowly conveying the water into the soil. Plants
grown in this way do not require additional watering
[10]. Particularly good crops gives the cultivation of
cucumbers and squash on a slightly raised flowerbeds
made in accordance with this technique [14].

Techniques for increasing the water retention
capacity of rural areas characterized by a low level of
intervention like woodlots — trees and shrubs located
mid-field play a number of important functions,
among others, windbreaks and water retention,
which results in increased crops. It is estimated that
the presence of trees in the rural aeas increase cereal
crops an average of 5-20%, sugar beet by 5-10%
and potatoes by up to 20% [14]. Hedges in the UK
often planted along the borders of the plot reduce
the outflow of water [9] and beetle banks — grassy
belts field, usually built in September, are particularly
vulnerable to spills of pesticides, are home to many
insects, birds (lark bunting) and small mammals in
rural areas [16], minimize water runoff, soil erosion,
reduce pollution and increase the biodiversity of the
landscape [10].

5. Case study

Chosen case studies should serve as an illustration of
the process of rainfall harvesting in the neighborhood.
Each example, although comes from different country,
proves a serious attitude of the investor to the water
management problem.

5.1. Housing Arkadien Winnenden in Stuttgart - Germany

Housing Arkadien Winnenden located on the
outskirts Stuttgart is an example of the brownfield
revitalization in accordance with the principles of
sustainable development and combating climate
change. Atelier Dreiseitl, in collaboration with a
group of architects have designed an eco-friendly
living space for relaxation and recreation. It is an
residential neighborhood that has allocated large
amounts of public space, while at the same time
granting each lot with its own amount of private space.
Housing is characterized by dense buildings and an
extensive water system. The buildings are energy
efficient and made of eco-friendly materials. Some
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of the building are covered by the green roofs,
others have solar panels. Vehicular traffic has been
reduced to a minimum, and standard parking spaces
are covered with grass. Comparatively narrow streets
support an integrated circulation system. Cars,
pedestrians, and cyclists all share equal access to the
spaces of passage and movement, though to protect
pedestrians the spaces have made to feel easier to
traverse on foot and appear as a pedestrian space.
Most of the pavement for the pedestrian made with
permeable materials while minimizing runoff. It is
mainly 3 story buildings situated closely together to
maintain a density that adds vibrancy and life to the
young community. In the centre of the area there is
a water reservoir. Recreation facilities are located on
the outskirts of the stream. There have been used few
solutions of the rainwater management like: green
roofs, ponds, absorbing bumps, filtration basins. In
the case of high water the green part of the area is used
for retention. Rainwater is stored in pools created in
the meadow reservoirs, and from there flows into the
restored streams. In dry times, these areas are used
as recreation areas and playgrounds for children.
Applied water management solutions, as well as
permeable surfaces significantly minimize the runoff
and the risk of local flooding. They reduce the amount
of water discharged to the sewer system as well as
a significantly improve quality of discharged water.
The lake in the center of Arkadien Winnenden serves
as rainwater detention basin, capturing and filtering
rain water in a stepped system, before overflowing
to a flood meadow and slow releasing to the adjacent
ecologically restored stream. The use of permeable
pavers and “structural bearing soil substrate for
garden-like parking spaces” reduced impermeable
surfaces in the development from 95 percent to 30
percent of its overall area, further reducing flood risk,
a major problem in the Stuttgart area.

Rainwater is kept on the surface where it can be
seen, and easily maintained. All streetscapes and park
spaces are multifunctional and integrated. Park areas
are designed to receive water with all its dynamics
and variability, such as ephemeral ponds, swales with
soft, swung contours that are play areas when dry and
flood retention areas during heavy downpours. The
park area next to the river has been defined as a new
maximum 1000 year flood zone; a dry stone wall
defines the change in levels which keeps the housing
and residents safe. It was important to the designers
that the neighborhood fit as seamlessly as possible
into the existing ecosystem. This was partially

manifested in the use of local and naturally occurring
vegetation being exclusively used. An emphasis was
put on vegetation supporting bee and bird populations,
attempting to actually improve conditions for these
species in Winnenden [17].

Fig. 1. Arkadien neighborhood plan [18]

5.2. Housing Bo01, Malmo - Sweden

Itwas designed by ateam ofarchitects and developers
under the guidance of the City of Malmo (approx. 80
large and small companies). It covers area: 25 ha (160
ha on the West Coast) and was realized through the
period of 2001-2006. Basic assumptions of this a new
investment cover sustainable buildings, functioning
on the basis of ecological materials and technologies,
recycling of recycled materials and renewable energy
sources. One of the principles of environmentally
conscious strategies is water management. Annual
rainfall occurring in this part of Sweden reaches the
700-800 mm.

The concept of water management is based primarily
on reducing storm water surface runoff and thereby
relieving sewage treatment plants. The rainwater
is absorbed by the numerous existing "green roofs,
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which also forms recreational space for residents.
Common critical issues such as channel flooding and
downstream erosion are not relevant to BoO1 because
it sits on the edge of the Oresund Strait. However,
drainage of water away from the buildings and the
quality of water entering the Strait were implemented
in such a way to make the gravity flow system
possible, the area between the Strait and the saltwater
canal was raised. This was possible since the land
and interior water bodies are artificial remnants of the
industrial operations and could be configured by the
redevelopment project without much environmental
detriment. Green roofs, water detention in courtyard
ponds, and infiltration through gravel and other
pervious paving initiates the stormwater system [19].

Around the neighborhood there are numerous small
and larger retention areas in the form of land or
water tanks, filled aquatic vegetation. This is of great
importance for improving the climate settlements,
and the impact on the water resources of the area. The
typical gravel infiltration bed and that the street side of
the runnel is lower than the building side. The grating
and bridging provides access, safety, and extra detail.
The black corrugated paving is a texture cue for the
visually impaired. The multiple adjacent paving and
drainage materials are similar to patterns in Japanese
Zen gardens, such as Ryoanji. The western half
includes the broad Dania Park and ample infiltration
areas. The granite blocks serve as visual markers to
improve safety near the runnels. Stormwater is directed
to small, vegetated basins for infiltration and water
quality improvement before discharge. Some of these
basins are within the interior courtyards while others
receive water at the edge of the saltwater. The materials
and detailing make features of the stormwater system
components whose function is evident even in the
dry season. Although all of the stormwater runoff
is managed by the surface facilities, the percentage
that receives treatment in the vegetated areas and the
amount that overflows into the receiving waters during
storms without treatment is unknown.

The landscape effect is build by the main reservoir
that lies outside compact buildings, although extends
along the entire foundation, parallel to the quay on
the other side settlements. It was planted with aquatic
plants, with interesting outdoor features in the form
of bridges, platforms, benches and sculptures - which
emphasize the aesthetic nature of the landscape.
Channels, leading rainwater into the pond, have a
decorative character [12]. One would expect 5-7%
of the project area to be dedicated to stormwater
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treatment landscapes in order to achieve significant
water quality improvement. However, BoO1 has amuch
higher percentage of green space. The stormwater
is conveyed by the open drainage system to vaults
along the saltwater canal where much of the water
quality treatment occurs. The stormwater is pumped
from the vaults to one of several treatment basins and
water features within the courtyards. Therefore, the
stormwater receives continuous treatment and serves
as an ever-present aesthetic and environmental feature
of the development features, as is the open drainage
network. In fact, the surveys demonstrate a willingness
to pay more for an open system than a closed one. It
should be noted that BoO1 dedicates very little space
to parking (0.7 spaces per unit) and roads, which are
a primary source of highly contaminated stormwater
runoff requiring extensive water quality treatment.
Therefore, the runoff from this pedestrian centric
district is less highly contaminated than one would
expect from mixed-use districts in the United States
with extensive parking and vehicular streets [19].
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Fig. 2. Housing BoO1 plan [20]
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6. Discussion and conclusions

The examples show a tendency to return to nature
to increase the possibility of water retention and
restore natural ecosystems. Landscape techniques
are often realized together with: hydrological, social
and economic problems within the site. Often they
require cooperation between the residents and local
authorities, and fund raising for investments. The
designer is therefore the coordinator over the whole
process from design to implementation.

Environmental management practices for natural
rainwater harvesting more and more influence the
city landscape. Landscape sensitive solutions in
addition to their decorative function at the same time
serve as devices to distribute, collect or infiltrate
rainwater. They enrich the landscape of contemporary
neighborhoods and contribute indirectly to improving
diversity of vegetation. Sustainable drainage systems
can be used in areas both representative and intimate.
Presented examples of a comprehensive solutions,
cover the entire city and the smaller, integrated
landscape units.
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Rozwiazania krajobrazowe w matej retencji

1. Wprowadzenie

Polska jest czesto ,,Egiptem Europy” i w pehni zastu-
guje na ten tytul. Biorac pod uwagg sredni roczny opad,
klasyfikuje si¢ jako jeden z najbardziej suchych regio-
now Europy. Prawie 20% terytorium Polski charaktery-
zuje sie¢ mniejszym srednim opadem rocznym niz 500
mm. Dla poréwnania sredni opad w Niemczech wynosi
700 mm, w Austrii 1110 mm, w Szwecji 624 mm [1, 2].

Zagadnienie przyjaznych srodowisku metod gospo-
darowania woda opadowa, szczegdlnie tych ekspery-
mentalnych rozwigzan, nadal nie jest zbadane. Praca
ma na celu przedstawienie oryginalnych, szytych na
miar¢ dla kazdej lokalizacji rozwigzan, ktore postu-
zy¢ moga jako inspiracje w dalszych badaniach [3].

2. Definicje

Mata retencja w Polsce zostala zainicjowana
w 1995 roku. Od lat 60. termin ten jest uzywany wy-
facznie w Polsce i pozostaje nieznany w innych kra-
jach. Za granicg stosowane jest hasto ,,zwickszania
naturalnej retencji” [4]. Mata retencja odnosi si¢ do
pojemnosci rownej 5 mln m’, powyzej tej wartosci
uzywany jest termin ,,duzej retencji” [5].

Srodki naturalnej retencji wody? (ang. Natural Wa-
ter Retention Measures — NWRM) mozna zdefinio-
wac jako srodki, ktorych celem jest ochrona natu-
ralnych mozliwos$ci retencyjnych przez odtwarzanie
naturalnych cech terenéw podmoktych, rzek, terenow
zalewowych i zwigkszanie mozliwosci retencyjnych
gleby oraz uzupehianie zasobow wod podziemnych
[7]. Komisja Europejska [2012] oraz Vaughn [8]
NWTM okreslaja mianem technik interwencyjnych
zwigzanych z ekosystemami wodnymi, majacych od-
tworzy¢ naturalne zdolnosci adaptacyjne przyrody.
Gléwnym zadaniem w ramach gospodarowania woda
jest taka regulacja odptywu wody, by ekstremalne zja-
wiska hydrologiczne, takie jak powodzie, susze, pu-
stynnienie byly minimalizowane przez zwigkszanie
zdolnosci retencyjnych obszaréw. Mozna wyr6znic
dwie grupy takich srodkow: 1) srodki polegajace na
przywracaniu/odbudowie (np. rzeki, bagna) oraz 2)
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zmiana gospodarowania w uzytkowaniu ziemia (do-
tyczy rolnictwa, lesnictwa) [8].

W skali urbanistycznej wymieni¢ mozna przyktady
NWRM, takie jak: Continuous Cover Forestry (CCF)
— 3 krajowe sieci w poétnocnej i zachodniej Kumbrii
(hrabstwo w Anglii); lasy tegowe — The Caledonian
Forest w Szkocji; zalesianie terenow pagoérkowatych
1 gorzystych przy zlewniach zbiornikow w regionach
srodziemnomorskich — Sierra Espuna oraz ekspery-
mentalne odtworzenie lasu “El Picarcho” w Murcji,
(Hiszpania); pasy buforowe — wenecka laguna i tego-
wy pas we Wloszech; zwyczaje uprawy roslin — sto-
sowanie roslin o gltebokim systemie korzeniowym,
ptodozmian, uprawa wstegowa, uprawa wspotrzedna,
wczesny wysiew, taki — tgki w Durham, Weald me-
adows project, tradycyjnie tarasowanie — w suchym
klimacie $rodziemnomorskim tradycyjny krajobraz
rolny — Katalonia, miasteczko Cadaques — winnice,
plantacje drzew oliwnych, debu korkowego, zielone
cieki wodne (Grassed Water Ways GWWs) — eks-
perymentalne gospodarstwo zlokalizowane 40 km
na potnoc od Monachium, uprawa ograniczona/orka
wstepna — kilka pétnocnych regionow Chin, zywo-
ploty 1 beetle banks (ok. dwumetrowej szerokosci
pas obsiany trawa lub bylinami, ktory przecina duze
pola uprawne), SUDS — zrownowazony system dre-
nazu — szereg przyktadow z bazy danych susDrain,
obszary bagienne — Neusiedlersee w Austrii, Norfolk
i Suffolk Broads, UK, tereny zalewowe — the Val de
Charente w ptd-zach. Francji, torfowiska — Humber-
head Peatlands w Anglii, baseny i jeziora w zlewniach
u zbiegu rzek — Kaiserstuhl, remeandrowanie, przy-
wracanie ptywu 1 czasowych doptywow rzek oraz
koryt rzek, rewitalizacja wod ptynacych, ponowne
laczenie ciekow — remeandorwanie strumienia Mer-
dereau w Sorigny, Francja, Bear Brook i1 River Cole
w Anglii, poldery — Traeth Mawr i Sunk Islands w UK,
naturalna stabilizacja brzegow — rzeka Ebro w Hiszpa-
nii, Dunaj w Austrii, rzeka Piavre we Wloszech [7].

3. Narzedzia
Rosliny o palowym systemie korzeniowym posiada-
ja zdolno$¢ gromadzenia wody i przetrwania okresow
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suszy, a takze dostarczajg wodg¢ roslinom, ktére rosng
wokot nich, przyktadem moze by¢ Ensete ventricosum
(etiopski bananowiec) — energetyczna roslina o wtok-
nistej budowie. Roslina magazynuje CO,. Badania
pokazaty, ze system korzeniowy potrafi magazynowaé
pig¢ razy wigcej CO, niz dotychczas sadzono [10, 11].
Sepp Holzer [13] uzywa kamieni, by zatrzymaé wodg
1 stworzy¢ mikroklimat. Stosowanie kamieni pozwala
przetrwa¢ w danym stanowisku roslinom, ktére nie
wystepuja w srodowisku naturalnym. Uktada on duze
kamienie, wokoét drzew, by przechwytywaty ciepto,
a nastepnie oddawaty roslinie. Odpowiednio rozktada-
jac kamienie, potrafi wytworzy¢ efekt chtodzenia, by
zatrzyma¢ wilgo¢ i spowodowacé kondensacje wody,
by dziatalo to jako naturalny system nawodnienia kro-
pelkowego. Gleba pod kamieniami pozostaje wilgotna
1 zamieszkuje ja wiele gatunkéw owaddéw. Skaly po-
lozone obok roslin pozwalaja regulowac temperature
wokot. Wyjasnia on, ze tylko kiedy gleba jest chtod-
niejsza, a roslinnos¢ daje cien, pojawia si¢ woda [10].
Hugelkultur w jezyku niemieckim to rozumiana do-
stownie kultura kopcow. Polega na kopaniu gtebokich
dotéw, wyktadaniu ich klodami lub innymi drewniany-
mi pozostato$ciami i zasypywaniu gleba, a nastepnie
sadzeniu na tym innych roslin, w tym drzew. W miarg
gdy drewno pod ziemig si¢ rozktada, w glebie pojawia-
ja sie cenne sktadniki pokarmowe, dziata to réwniez
jako gabka, wchilaniajaca szybko wod¢ opadowa, a na-
stepnie w okresach suchych powoli oddajaca te¢ wode
do gleby. Rosliny hodowane w ten sposob nie wymaga-
ja dodatkowego nawodnienia [10]. Szczegolnie dobrze
na podniesionych lekko rabatach wykonanych zgodnie
7z t technika rosng ogorki i kabaczki [14].
Zadrzewienia $rodpolne pelnig szereg istotnych
funkcji m.in. wiatrochronnych i retencyjnych, ktore
przektadaja si¢ na zwickszenie plonéw. Ocenia sie,
ze obecno$¢ zadrzewien zwicksza plony zbdz $rednio
5-20%, burakéw cukrowych o 5-10%, a ziemniakow
nawet 0 20% [15]. Zywoptoty w Wielkiej Brytani sa-
dzone czesto wzdhuz granic dziatki rowniez zmniej-
szaja odptyw wody [10]. Beetle banks, czyli nie-
uprawiane pasy pola s3 domem dla wielu owadow,
ptakéw (skowronek, potrzeszcz) i matych ssakoéw na
terenach wiejskich [16], a dodatkowo minimalizujg
odptyw wody, erozj¢ gleby, redukuja zanieczyszcze-
nie 1 zwigkszaja bior6znorodnos¢ krajobrazu [10].

4. Studium przypadkéw

4.1. Osiedle Arkadien Winnenden w Stuttgarcie - Niemcy
Osiedle Arkadien Winnenden potozone na obrze-
zach Stuttgartu to przyktad doskonalej rewitalizacji

terenu poprzemystowego w mysl zasad zrownowa-
zonego rozwoju 1 przeciwdziatania zmianom klima-
tycznym. Niemiecka pracownia Atelier Dreiseitl,
przy wspotpracy z grupa architektow, zaprojektowata
ekologiczng, przyjazng mieszkancom przestrzen do
zycia, wypoczynku i rekreacji.

Osiedle cechuje zageszczona zabudowa oraz roz-
budowany system wodny. Budynki na terenie osie-
dla s3 energooszczegdne i wykonane z ekologicznych
materiatow. Cze¢s¢ zabudowy pokrywa system zielo-
nych dachow, na innych wykorzystywane sg za$ pa-
nele stoneczne. Ruch kolowy zostat ograniczony do
minimum, a standardowe miejsca postojowe pokryto
nawierzchnig trawiastg. Wiekszos¢ nawierzchni pie-
szych wykonano natomiast z materialdéw przepusz-
czalnych, minimalizujac sptyw powierzchniowy.

Centrum osiedla stanowig tereny zieleni ze zbiorni-
kiem wodnym. Odtworzono rowniez znajdujacy si¢
na obrzezach potok. Na terenie osiedla zastosowano
szereg rozwigzan gospodarowania woda opadowa:
zielone dachy, stawy, muldy chtonne, zagtebienia te-
renu. W przypadku wysokich stanéw wody opadowej
cze$¢ terenu osiedla wykorzystuje si¢ jako teren re-
tencyjny. Woda deszczowa gromadzona jest w stwo-
rzonych na tace nieckach retencyjnych, a stamtad
sptywa do odbudowanego koryta potoku. W porach
suchych tereny te wykorzystywane sa jako miejsca
rekreacyjne i place zabaw dla dzieci.

Zastosowane rozwigzania na terenie osiedla z za-
kresu gospodarowania woda, jak rowniez przepusz-
czalne nawierzchnie znaczaco zminimalizowaty
sptyw powierzchniowy oraz ryzyko lokalnych pod-
topien. Zmniejszono ilos¢ wody odprowadzanej do
systemu kanalizacji jak rdwniez znaczgco poprawio-
no jakos¢ odprowadzanej wody [17].

4.2. Housing Bo01, Malmo - Szwecja

Osiedle zajmuje obszar 25 ha i zostato zrealizowane
w latach 2001-2006. Podstawowe zatozenia obejmuja
zrownowazone budownictwo, wykorzystanie mate-
riatdw z recyklingu, recyklingu materiatow wtornych
oraz zastosowanie odnawialnych Zrodet energii dla
funkcjonowania jednostki. Jednym z wazniejszych
elementow jest rowniez system zarzadzania woda
opadowa. Roczny $redni opad w tej czgsci Szwecji
wynosi 700-800 mm.

Koncepcja zarzadzania woda opadowa opiera si¢
na ograniczeniu sptywu powierzchniowego i odcia-
zeniu systemu kanalizacji. Woda jest pochtaniana
przez liczne powierzchnie zielonych dachow, ktore
jednoczesnie stuza jako przestrzen rekreacyjna. Dre-
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naz wody z budynkéw opiera si¢ na sptywie grawi-
tacyjnym. W tym celu odpowiednio uformowano
topografi¢ terenu. Dodatkowo zaprojektowano liczne
stawy i rowy filtracyjne oraz zastosowano nawierzch-
nie wodoprzepuszczalne na terenie osiedla [19].
Istotna role odgrywa gldwny zbiornik, ktory niejako
znajduje si¢ poza terenem zabudowanym. Zostal on
obsadzony roslinno$cig wodna, wyposazony w row-
nego typu elementy matej architektury, w tym most-
ki, platformy, siedziska i1 rzezby, ktorych celem jest
podkreslenie walorow estetycznych krajobrazu natu-
ralnego. Kanaly, ktérymi prowadzona jest woda do
zbiornika, rowniez majg charakter dekoracyjny [12].
Osiedle BoO1 ma znacznie wyzszy wskaznik tere-
néw zieleni, niz mozna by przypuszczac. Woda odpro-
wadzana kanatami na powierzchni prowadzi do sys-
temu oczyszczajacego. Z oczyszcezalni ta sama woda
jest prowadzona do systemu nawadniania ogrodkow.
W zwigzku z tym podlega ona nieustannemu proce-
sowi uzdatniania i stuzy jako widoczny element es-
tetyczny 1 przyrodniczy na terenie osiedla. Nalezy
zaznaczy¢, ze w BoO1 przewidziano niski wskaznik
powierzchni parkingéw (0,7 miejsc na mieszkanie)
1 ulic, ktore sg glownym zrédlem zanieczyszczen
wody 1 wymagaja skomplikowanych proceséw jej
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uzdatniania. Woda sptywajaca z chodnikow jest
znacznie bardziej czysta niz ta z ciggdw przeznaczo-
nych pod komunikacje samochodowg [19].

5. Dyskusja i wnioski

Opisane przyktady ilustrujg tendencje powrotu do
rozwigzan krajobrazowych w retencjonowaniu wody
opadowej oraz przywracanie w tym celu naturalnych
ekosystemow wodnych. Rozwigzania krajobrazowe
stosowane s3 czesto jako element szerszej strategii
uwzgledniajacej zagadnienia hydrologiczne, spotecz-
ne i ekonomiczne. Wymagaja tez wspolpracy pomie-
dzy mieszkancami danego osiedla a administracja
miasta. Projektant czesto pelni role koordynatora
catego procesu, poczawszy od projektu do realizacji.

Stosowanie metod przyjaznych $rodowisku coraz
czesciej pojawia sie w krajobrazie miasta. Poza funk-
cja estetyczna, petlnia one role urzadzen, ktore roz-
dysponowuja, gromadza i infiltruja wode opadowa,
wzbogacajac krajobraz zaktadanych wspotczesnie
osiedli 1 zwigkszajac biordznorodnos$¢ gatunkowa.
Zaprezentowane w artykule rozwigzania mogg by¢
stosowane zarowno w skali miasta, jak i tylko jego
fragmentu.
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CALCULATIONS OF INDIVIDUAL
AIR SUPPLY SYSTEMS

Abstract

The article presents a method for calculating the amount of air flowing in and flowing out of the building. It included two
variants: the first — the air inflow by infiltration and by the individual duct of the supply system by gravity, the second — the
air inflow by infiltration and by the individual duct of the supply system in a mechanical way. The methodology takes into
account the pressure produced by the wind, the pressure in the duct and the pressure produced by the fan. The developed
method was validated by comparing it with the results of measurements carried out. It has been shown high conformity of

calculations and experimental analysis

Keywords: ventilation, amount of inflow and outflow air, calculation

1. Introduction

Residential buildings in the majority are equipped
with a system of natural ventilation, which is the result
of the gravity and the wind pressure. Proper operation
ofthe system is guaranteed by the supply of air through
leaks windows and doors and the building partitions.
The air thus supplied to the building is removed by
natural ventilation ducts. Wind may, however, reverse
the direction of the air flow, resulting in an air inflow
through one or more ducts.

In order to determine amount of air in the room, it is
necessary to know the internal and external pressure
at any point of holes.

The article presents a method for calculating the
amount of air in the building with individual air-
supply system, where the air supply gates were
located at a lower height than the exhaust. The
systems of Equations were devised. It includes two
variants: the individual supply air duct with gravity
flow, the second option with a mechanical flow.
The methodology takes into account the pressure
generated by the wind, the pressure in the gravity
ventilation duct and the pressure generated by the fan
(Option 2).

2. The layout of pressure in the building

The layout of pressure in a building depends on
the wind pressure and pressure in the duct, the area
of the inflow and outflow gates, its location, and

aflow pressure loss. The literature show the calculation
methods [1], but it does not take into account the
location of the openings at different heights and the
effects of the fan on the internal pressure and layout
of pressure at different levels. The authors [2-4]
presented the layout of pressure on the outside wall,
but in this case the inflow and outflow of air is also
on one level.

In the real buildings, windows and doors are at
different levels than outflow gate. In addition, if the
building is equipped with the individual system of air
intake, the inflow air gates can also be arranged at
different heights. All this results in a change in layout
of pressure in the building.

The equations found in the literature take into
account the gravitational pressure and wind pressure
[5-6], however, does not take into account the flow
of air through the air supply duct. Other authors
[7, 8] taken into account the supply gravitational air
duct, however, the methodology did not take into
consideration the impact of the wind.

3. The elaborating a methodology of calculating
the amount of air flow
3.1. Calculation algorithm

The basis of this method is to calculate the pressure
values at different levels, the inner and outer sides
of the building envelope. Figure 1 presents the
calculation algorithm of the elaborated methodology.
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Fig. 1. Block diagram of the method of calculation

3.2. Calculation - variant 1

Option 1 —the inflow of air by leaks in the windows
and by individual supply ducts with gravity pressure

(Fig. 2).
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Fig. 2. Schematic of inflow and outflow air from the
building, where air exchange is carried out in a natural
way (gravitational pressure and wind pressure) using
a leak in the window carpentry and the supply duct of
individual system of air intake

The calculation of the pressure at level I-I (air
supply duct):

2

P =h-p.-g+c, 'W?'Pe[Pa] (1)

ol = =) pn g+ g+
2 2)
+ck3-w7-pe[Pa]
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where: p — pressure [Pa], p — air density [kg/m?],
c, — conversion coefficient [-], g — acceleration of
gravity [m/s?], h — height [m], w — velocity [m/s].

The calculation of the pressure at level II-II (leaks
in the window):

2

w
=h',Oe'g+Ck2 7

-1

p; p[Pa] )

2
_ w
p/™ =h-p-g+c, - plPa] @
Equations (1)-(4) allow you to determine the pressure
difference at every levels:

AT =hy g (e = o)+ 19 (P = i)+
W ®)
+(ck1 —ckz)-T-pe[Pa]

A" =h-g-(pe—pi)+ ©

2
+(ck2 —cks)'wj'pe[Pa]

where: Ap — differential pressure on both sides of the
building component [Pa].

With using the hydraulic characteristic of the ducts
and leakages of windows the pressure difference
on each level can be expressed by system of the
equations:

2

Apl‘l =5, -Vi+s, ~(V1+V2j [Pa] (7

. 3
V2 = k : L ' Ap:/indaw |:m_:| (9)
S
. . . m3
Vi;=Vi+V 2{—} (10)
S

where: k& — the leakage coefficient of windows
[m’/mhPa"], L — length [m], s — the hydraulic
characteristic [Pa/(m?/s)?], V — amount of air [m%/s],
n—exponent characteristic for the building component
to calculate the airflow arriving because of wind [-].

After substituting Equation (9) into Equation (8)
and aligning the Equations (5) and (7) as well as (6)
and (8), the system of Equations was formed:
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g (Pe=Pm)+M-g-(Pm—pi)+
2 .2 . Y (11)
+(Ckl—Ckz)-W?-pe=Sl-V1+S3-(V1+V2]
W2
h-g (pe—pi)+(ck2—0k3)-7-pe=
1 (12)
‘n ) ) 2
= V2 +S3-(V1+sz
(k-L)n
V1+V2=V3 (13)

After solving the system of Equations we get the
flow of air supply and air exhaust from the building.
3.3. Calculation - variant 2

Option 1 — the inflow of air by leaks in the windows
and by individual supply ducts with fun (Fig. 3).
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Fig. 3. Schematic of inflow and outflow air from the
building, where air exchange is carried out in a natural
(gravitational pressure and wind pressure) using a leak
in the window carpentry and mechanical way using the
supply duct of individual system of air intake equipped

with the fan
The calculation of the pressure at level I-I (air
supply duct):
2
-1 w
pe =h1'pe'g+ck, .7'pe[Pa] (14)
I-1
P =(h—h) pn-g+h-g-p+
2 (15)
\
_‘_Ck3 ’ 7 “Pet Pyent [Pa]

The calculation of the pressure at level II-11 (leaks
in the window):

2
-1

Pe :h3'pe'g+ck1 .%'pe[Pa] (16)
P =hy g+
2 17
+Ck3 'WT'pe'i' pvent[Pa]

Equations (14)-(17) allow you to determine the
pressure difference at every levels:

AP =ty -9 (pe =) —Po -9 (P —pm) +
2 (18)
-i_(ckl _Ckz)'W?'pe ~ Puent [Pa]
AT =hy-g (e — i)+
. (19
+(Ckl _Ck3 )'T'IOe = Prent [Pa]

With using the hydraulic characteristic of the ducts
and leakages of windows the pressure difference
on each level can be expressed by system of the
equations:

L2 . . 2

) N2
Ap11—11 = AD,indow + S3 .(Vl.,_vzj [pa] (21)

' . m’ 22)
Vzk'L'prindow T
o o m? (23)
Vi=Vi+Vy| —
S

After substituting Equation (22) into Equation (21)
and aligning the Equations (18) and (20) as well as
(19) and (21), the system of Equations was formed:
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Mg (e =pm) =19 (o~ pm)+
2
+(Ck1 _Cks)'WT'pe ~ Prent = (24)
2 . . 2
=5 -Vi+8;-|Vi+V2
W2
h3 g.(pe_pi)_‘_(ckl_Ck3)'7'pe_pvent:
1 (25)
V” . .
=2 +S3-|Vi+V2
(k-L)n
V1+V2:V3 (26)

After solving the system of equations we get the
flow of air supply and air exhaust from the building.

Application of the proposed calculation method
in the case of a larger number of window and door
openings and elements of intake and exhaust is
possible, by increasing the number of equations in the
system. Then you can calculate all the streams of air
flowing in and flowing out.

The elaborated calculation method does not take
into account the vertical temperature gradient in the
room and the cooling of air flowing in the duct gravity.

3.4. Verification of the proposed method of calculation

In order to verify the proposed method the
calculations and measurements were performed in an
existing building equipped with the air supply duct
conducted by the underground garage. The inflow
grate was located in the hall, the outfolw grate was
in the bathroom. In view of the installed hood in
the kitchen the gravity duct in this permisses was
excluded from the calculation and measurement. The
results of the comparison the measured values during
experimental studies with the calculated values were
presented in the diagrams (Figs. 4, 5).
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Fig. 4. Comparison of the results of theoretical
calculations with experimental data. Natural ventilation.
Figure: a) the inflowing air by duct; b) the inflowing air

by leaks in windows; ¢) the outflowing air
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Fig. 5. Comparison of the results of theoretical
calculations with experimental data. The duct of
individual system of air intake with fan. Figure: a) the
inflowing air by duct; b) the inflowing air by leaks in
windows; ¢) the outflowing air
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4. Conclusions

The calculation results show high concordance with
measurements. For the results the error was calculated
and itdoes not exceed 2%. This proves that the proposed
method of calculation is reliable. This means that the
proposed methodology can be used both in buildings
designed and existing (to assess the correct operation
of the ventilation system and to develop proposals to
improve the functioning of the system).
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Obliczenia indywidualnych systemow nawiewnych

1. Wstep

Budynki mieszkalne w wiekszos$ci wyposazone sa
w system wentylacji naturalnej, ktora jest wynikiem
dziatania sily grawitacji oraz sity naporu wiatru. Pra-
widlowe dziatania takiego systemu gwarantuje do-
plyw powietrza przez nieszczelnosci stolarki okiennej
1 drzwiowej oraz obudowy budynku. Powietrze w ten
sposob doprowadzone do budynku usuwane jest przez
kanaty wentylacji grawitacyjnej. Wiatr moze jednak
odwréci¢ kierunek przeplywu powietrza, co skutkuje
naptywem powietrza poprzez jeden lub kilka kanatow.

W celu okreslenia ilosci przeplywajacego powie-
trza w pomieszczeniu niezbgdna jest znajomo$¢ war-
tosci cisnienia wewnetrznego i zewnetrznego w kaz-
dym punkcie otworow.

W artykule przedstawiono metode obliczenia iloSci
powietrza, opracowano uktady réwnan, w ktorych
uwzgledniono dwa warianty: powietrze doprowadza-

ne kanalem indywidualnego systemu nawiewnego
W sposob grawitacyjny, wariant drugi w sposob mecha-
niczny. Metodologia uwzglednia ci$nienie wytworzone
przez wiatr, cisnienie w kanale grawitacyjnym oraz ci-
$nienie wytworzone przez wentylator (wariant 2).

2. Rozktad cisnienia w budynku

Rozktad cisnienia w budynku zalezy od ci$nienia
wiatru i ci$nienia w kanale, od powierzchni otwo-
row nawiewnych i wywiewnych, ich lokalizacji,
a takze strat ci$nienia przy przeptywie. W literaturze
mozna znalez¢ metodologie obliczen [1], jednak nie
uwzgledniono w niej lokalizacji otworow na réznych
wysokosciach, a takze wptywu pracy wentylatora na
cisSnienie wewnetrzne i jego rozktad na réznych po-
ziomach. Autorzy [2-4] przedstawili rozktad cisnie-
nia na $cianie zewnetrznej, jednak w tym przypadku
rowniez uwzgledniono naptyw i wypltyw powietrza
na jednym poziomie.
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W  rzeczywistych budynkach otwory okienne
1 drzwiowe znajduja si¢ na innych poziomach niz
kratki wywiewne. Ponadto jezeli w budynku zastosu-
je si¢ system indywidualnego doprowadzenia powie-
trza kratki nawiewne rowniez mogg by¢ usytuowane
na odmiennej wysokosci. Wszystko to skutkuje zmia-
ng rozktadu cisnienia w obiekcie.

Znalezione w literaturze uklady rownan uwzgled-
niajg cisnienie grawitacyjne i cisnienie wiatru [5, 6]
jednak nie uwzgledniajg strumienia powietrza dopro-
wadzanego poprzez kanal nawiewny. Inni autorzy
[7, 8] uwzglednili nawiew powietrza specjalnym
kanalem grawitacyjnym, jednak do metodologii nie
wiaczyli wptywu wiatru.

3. Opracowanie metodologii obliczenia ilosci
przeptywajacego powietrza
3.1. Obliczenia - warianty 1i 2

W artykule przedstawiono metode obliczenia
ilosci powietrza w budynku z indywidualnym sys-
temem nawiewnym, gdzie kratki doprowadzajace
powietrze zlokalizowane byty na nizszej wysokosci
niz wywiewne.

Podstawe opracowanej metody stanowi obliczenie
warto$ci ci$nienia na réznych poziomach, po we-
wnetrznej i zewnetrznej stronie obudowy budynku.

Wprowadzanymi do obliczen danymi sa wysokosci,
na ktorych zlokalizowane sa elementy nawiewne, wy-
wiewne oraz stolarka okienna i drzwiowa, a takze ge-
sto$¢ strumieni powietrza i wspotczynniki konwersji.

Proponowana metoda obliczen obejmuje dwa
warianty:

— W pierwszym naplyw powietrza realizowany jest
przez nieszczelnosci w stolarce okiennej oraz ka-
nat indywidualnego systemu nawiewnego w spo-
sob grawitacyjny. Obliczenia rozpoczynaja sie
od okreslenia wartosci ci$nienia po wewnetrznej
i zewnetrznej stronie obudowy budynku, na r6z-
nych poziomach (otwory nawiewne, wywiewne,
nieszczelnosci). W kolejnym kroku nalezy wy-
znaczy¢ roznice ci$nienia na poszczegolnych po-
ziomach. Wykorzystujac charakterystyke hydrau-
liczna kanalow wentylacyjnych oraz nieszczel-
nosci stolarki okiennej i przyrownujac rownania,
uzyskuje sie¢ uktad rownan, ktérego rozwigzaniem
sa wartosci strumieni powietrza naplywajacego
i wyptywajacego z budynku;

— w drugim naplyw powietrza realizowany jest
przez nieszczelnosci w stolarce okiennej oraz ka-
nat indywidualnego systemu nawiewnego w spo-
sob mechaniczny. Obliczenia rozpoczynaja sie
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od okreslenia wartosci ci$nienia po wewngtrznej

1 zewngtrznej stronie obudowy budynku, na ro6z-

nych poziomach (otwory nawiewne, wywiewne,

nieszczelnosci). W tym wariancie obliczen nale-
zy pamigta¢ o uwzglednieniu (przy wyznaczaniu
warto$ci ci$nienia na poziomie kanalu nawiew-
nego) cisnienia wytwarzanego przez wentylator.

W kolejnym kroku nalezy wyznaczy¢ roznice ci-

$nienia na poszczegolnych poziomach. Wykorzy-

stujac charakterystyke hydrauliczng kanatow wen-
tylacyjnych oraz nieszczelnos$ci stolarki okiennej

1 przyrownujac roéwnania, uzyskuje si¢ ukilad

rownan, ktérego rozwigzaniem sg wartosci stru-

mieni powietrza naptywajacego i wyplywajacego

z budynku.

Zastosowanie proponowanej metody w przypad-
ku wigkszej liczby otworéw okiennych i drzwio-
wych oraz elementéw nawiewnych i wywiewnych
jest mozliwe poprzez zwigkszenie liczby réwnan
w uktadzie. Mozliwe bedzie wowczas obliczenie
wszystkich strumieni powietrza dopltywajacego i od-
ptywajacego.

Opracowana metoda nie uwzglednia pionowego
gradientu temperatury w pomieszczeniu oraz chto-
dzenia powietrza przy przeptywie w kanale grawi-
tacyjnym.

3.2. Weryfikacja proponowanej metody obliczen

Celem weryfikacji proponowanej metody wyko-
nano obliczenia i pomiary w budynku istniejacym
wyposazonym w kanat nawiewny doprowadzajacy
powietrze z poziomu garazu podziemnego. Krat-
ka nawiewna zlokalizowana byla w pomieszczeniu
przedpokoju, wywiewna w tazience. Z uwagi na za-
montowany w kuchni okap wykluczono z obliczen
i pomiaréw kanat wentylacyjny zlokalizowany w tym
pomieszczeniu.

4. Podsumowanie

Wyniki obliczen wykazuja duza zgodno$¢ z pomia-
rami. Dla otrzymanych wynikow obliczono btad, kto-
ry nie przekraczat 2%. Dowodzi to, iz zaproponowa-
na metoda obliczen jest wiarygodna. Oznacza to row-
niez, iz proponowana metoda moze by¢ stosowana za-
rowno w obiektach projektowanych, jak i istniejacych
w celu oceny poprawnosci dziatania systemu wenty-
lacji oraz opracowania propozycji poprawy funkcjo-
nowania instalacji.
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DETERMINING THE SHAPE AND VOLUME
OF THE POST-MINING BASIN IN KADZIELNIA AREA,
KIELCE

Abstract

Long-term exploitation of limestone in Kadzielnia in the centre of Kielce created the post-mining basin of considerable
size. For some time it was filled with water, forming the lake Szmaragdowe (Emerald Lake), which dried out 30 years
ago. Because of the restoration projects of the lake it became necessary to determine its volume; the data on the size
of the basin have not so far been presented in publications. This volume was determined using modern measurement
technologies: in the part filled with water — bathymetric measurement, in the dry part — scanning tacheometry. As a result
of measurements and calculations, volumes of the part filled with water (23.000 m?) and of the dry part (277.000 m®) were
determined. The spatial model of the basin and topographic maps were also created

Keywords: determining volume with geodesic methods, bathymetry, scanning tacheometry

1. Introduction

Located within the administrative boundaries of
Kielce, the Kadzielnia inanimate nature reserve is a
remnant of the period of about 200 years of mining
activity. Since the 1770’s limestone had been mined
here; the excavation ended in 1962. As a result of
intensive excavation of the hill, only its eastern slope
survived, the remnants of the south-western slope
with the adjacent waste damp (now called Wzgdrze
Harcerskie, Scouts Hill) and Skatka Geologow
(Geologists Rock), separated by a deep excavation.

As a result of mining and extraction of limestone
in the eighteenth century, in the northern part deep
excavations were created, which were flooded in
their lowest levels with groundwater. They formed
the lake Szmaragdowe (Emerald Lake), whose name
comes from its unique colour. In the 1980s, due to the
lowering of groundwater level, most of the lake dried
out, and its current depth does not exceed 4 m. For
some time the projects for restoration of its original
form have been developed, consisting in filling the

basin with water. In order to determine the feasibility
of this project, determining the volume of the basin
is necessary. Official scientific publications lack the
data defining this parameter, which is of relevance for
this project. Therefore, the study had an innovative
character.

Measurements of the shape and volume of the
basin presented in the article were made within the
statutory research, the activities of Geomatica Student
Academic Circle and engineering theses defended
in 2015 at the Faculty of Environmental, Geomatic
and Energy Engineering [1-3], in parallel with other
measurements for the inventory of Kadzielnia area
[4, 5]. Due to the fact that the basin consists of the
part filled with water and of the dry part (not filled
with water) and the ensuing need to use different
observation methods the way of measuring the
volume of those two parts was different. Bathymetric
method was used for measuring the part filled with
water; whereas tacheometry method was applied in
relation to the part without water (using scanning
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tacheometry), combined with RTK GPS satellite
technology to determine the coordinates of geodetic
control points.

2. Bathymetric measurement of the part filled with water

In order to determine the shape and volume of
the part filled with water (remains of the Emerald
Lake) bathymetric method, based on the use of echo
sounder, was applied.

Echo sounder is a device designed to measure the
level of liquids in open or closed reservoirs. During
the measurement, the echo sounder has no direct
contact with the measured medium. Measurement of
the level using this echo sounder is done by measuring
the time between emitting a pulse and receiving an
echo. This time is converted by the electronics of
the echo sounder into the output signal. Due to their
short length, the waves can be focused and shaped
into beams [6, 7].

The basic element of the echo sounder is an indicator
which indicates the measured depth. It consists of
a transmitter and a receiver. Transmitting channel
consists of a pulse generator and a sound transmitter
and receiving channel consists of a receiving
transducer and an amplifier of received pulses.

A pulse from the indicator is sent to the transmitter,
where the time of output signal is indicated, marked
in Figure 1 as t . The pulse is converted into ultrasonic
energy which, in the form of acoustic signal, is
radiated towards the bottom. When a pulse meets the
surface, part of the energy reflects from the bottom
and returns as an echo to the receiver submerged in
water, which converts it back to an electrical pulse.
After being amplified in the indicator, the pulse is
transferred to the logger, where it acts as a marker
of return time — t — of the acoustic signal, which
is registered. The device records the time between
sending and receiving a pulse, proportional to the
measured distance.

- registration unit

- generator

- amplifier

- transmitter/processor

- receiver/processor

- submersion of the system
- distance N-O

cECcYEnw
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A modern echo sounder (Fig. 2), which uses
very little power, was used for the measurement. It
consists of: one or two transducers, a GPT (General
Purpose Transceiver), as well as a standard laptop.
The frequency of the transducers ranges from 38 to
710 kHz [8]. It is possible to use double transducers
for parallel operation of two frequencies. GPT unit
includes electronic systems of a transmitter and
a receiver which are formatted for single or dual
channel operation. The initial capacity of each of
them is 300 W. Each sound is measured and then
displayed. In order to demonstrate the echograms,
a laptop is used, which connects to the GPT using
a twisted pair. This enables a long distance between
them, up to 100 m [9]. The echo sounder is equipped
with a GPS satellite receiver.

Fig. 2. Echo sounder (source: [8])

The measurement using the echo sounder
was supplemented with conventional surveying
observations of all measured points, signalled
simultaneously by a rod with a mirror signal (Fig. 3).
Dueto the intense vegetation in the lake, measurements
made with an acoustic echo sounder were not entirely
reliable; therefore calculations and analyses took into
account results of measurements with a rod. In total,
147 probing points were designated, including 86
points with an acoustic echo sounder.
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Fig. 3. Bathymetric measurement of the lake

The results of the measurement show that the
maximum depth of the lake is 3.2 m. In the greater
part of the lake this depth varies in the range of
approx. 1.5 m to 2.5 m.

3. Tacheometric measurement of the part not
filled with water

The basin, created as a result of mining activity, has
a highly diversified shape. To implement this project,
it was necessary to supplement the existing permanent
geodetic control network (established earlier with
reference to the state system) with additional posts
(Fig. 4). As a result, control point was made up of
8 points, set up on the top and on the bottom of the
basin, whose coordinates were determined by the
GPS RTK method and by combined indentation.

All pickets in the part not filled with water were
measured with tacheometric method. Tacheometry
was used because of the terrain shape — GNSS
measurement was impossible (no satellite signal due
to the extensive cover of the area). The measurement
was conducted with mirror and mirrorless methods,
which was caused by the fact that not all places were
available for measurement. Location of points was
determined with the polar method, and height — based
on trigonometric levelling.

Measurements were performed with the use of an
electronic total station TOPCON QS1A, operating in
automatic and manual reflectorless mode. Using the
appliance was possible thanks to the purchase within
the project “Retrofitting laboratories assisting the
teachingprocessinthecourseofstudyat Environmental
Engineering and Geodesy and Cartography Faculties

at Kielce Univesity of Technology”, the project co-
financed by the European Union under the European
Regional Development Fund Operational Programme
Swietokrzyskie Voivodship for the years 2007-2013.

Tacheometry included measurement of all specific
details of the basin terrain, that is all creases,
concavities and convexities of land or sudden
lowering of the ridges. Efforts were also made to
consider the existing diversification of the ridge the
basin shoreline during measurement. Pickets were
evenly distributed throughout the area, averagely at
a distance of 10.00 meters. In the areas where the
terrain was more diversified, they were concentrated
in order to accurately reproduce the shape of the
measured area.

b
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Fig. 4. Location of control points (map according to [10])
Red colour — existing control point, blue colour — set
control point

Overall, in the part not filled with water, 414 points
were designated, distributed evenly throughout the
excavation area. A list of land survey and height
coordinates was created with WinKalk. Arrangement
of pickets is shown in Figure 5.

In order to check the accuracy of total station
measurements and to determine their accuracy, two
points from each station were selected and measured
also from the adjacent station. They pointed at a stuck
measuring shield, a pole with a mirror or in a specific
characteristic place.
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Fig. 5. Sketch of arrangement of the pickets and the
control points [1]

4. Determining the volume of the basin

The main principle in calculating the volume of the
basin in the Kadzielnia Reserve was presenting it in
the form of an irregular block, and then dividing it into
elementary geometric solids. This activity is carried
out in order to achieve high accuracy of determining
the volume.

The volume of irregular solids can be calculated
using engineering software, such as WinKalk, Surfer,
C-Geo and AutoCAD. In this study Surfer and C-Geo
were used. Each of these programs calculates the
volume with a different method, which involves
different ways of carrying out calculations (based
on the grid of squares and triangles). The results
were presented in the form of spatial models of the
basin, a model of a depression based on interpolation
of contour lines and a map showing the shape of
the bottom of the lake using an isoline (Fig. 6-9).
Obtained values are reliable and they can serve as a
basis for further implementing activities.

Calculation of the volume of the basin was done
separately for the whole basin and for parts filled with
water and not filled with water.

Obtained results of the volume of the part filled with
water [1-3]:

— C-GEO -23.006.71 m?,

— Surfer — 22.569.58 m?,

— Difference in volume — 437.13 m?,

— Percentage difference — 1.94%.
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Fig. 6. Model of the part filled with water [1, 2]

The volume of the part not filled with water [1-3]:
— C-GEO - 286.059.40 m?,
— Surfer —276.861.36 m?,
— Difference in volume — 9.198.04 m?,
— Percentage difference — 3.32%.

Fig. 7. Model of the part not filled with water [1, 2]

Total volume of the basin [1-3]:
— C-GEO - 309 066.11 m?,
— Surfer — 299 430.94 m?,
— Difference in volume — 9 635.17 m?,
— Percentage difference — 3.22%.
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Fig. 8. Model of the basin based on the interpolation of
contour lines made in Surfer [2]

Fig. 9. Spatial model of the basin made in Surfer [2]

Error of measuring the volume was determined based
on errors in the position of pickets (calculated from
the differences of coordinates of control points) and
formulas used by Surfer and C-Geo. The mean error
of determining the volume of the part filled with water
was (rounded) + 400 m?, and for the part not filled with
water + 2000 m>. Total error of determining the entire
volume of the basin is approximately = 2040 m®.

It should be noted that the above error is only internal,
within the limits determined by the measured pickets.
This does not include a far greater error of defining the
boundaries of the basin, incorporating an error resulting
from subjective interpretation of the area. This error can
be estimated as at least 10,000 m?; which corresponds to
approximately the difference obtained in the calculation
of the volume of the basin by means of two programs

(Surfer and C-GEO). This difference is caused by a
difference in algorithms used for calculation and, above
all, the way of modelling the area.

5. Conclusions

Calculation of the volume of the basin related to its
part which was filled with water and to the part which
was not filled with water. To determine the volume,
bathymetric measurement was used for the part
filled with water, supplemented by the appointment
of probing sites using tacheometry and tacheometric
measurement of the part not filled with water, completed
by observations in the GNSS satellite technology.

1. Due to the large accumulation of slime/silt, as
well as underwater vegetation, rush and reed,
bathymetric measurement method with an echo
sounder proved to be ineffective. The basis for
further works were the results of the tacheometric
observations of probing sites.

2. Determination of the volume of the basin was based
on the measured coordinates of 561 pickets, including
147 probing sites in the part filled with water. Error
of determining the coordinates of the pickets was
assessed based on the differences between the
coordinates of the control points, whose position
was determined independently from two different
positions. The mean square errors were respectively:
along the x and y axes: m_=0.023 m, m = 0.026 m;
the mean error of position m = 0.030 m; the mean
error of measuring height m, = 0.022 m; the mean
error of the spatial position m_=0.037m.

3. The measurement results of both parts of the
basin were developed in two programs: Surfer and
C-GEO. The volume of the part filled with water
(rounded) is 23.000 m*. The maximum depth of the
lake reaches 3.2 m and it is located in its southern
part. The volume of the part not filled with water is
(rounded) 277.000 m®. The results of calculations
using two programs differ by about 3.3%; it is
the result of different calculation algorithms and
methodological assumptions when calculating
the volume. The total volume of the basin can be
estimated at about 300.000 m°.

4. Basedonthevaluesofthemeanerrorsofdetermining
the coordinates of the points, error of determining
the volume of the basin was initially estimated,
whichiis: for the part filled with waterm =+400m’,
for the part not filled with water m = 2.000 m’.
These errors do not include inaccuracies resulting
from the subjective determination of the part of
the basin not filled with water.
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5. The final results of the study are: calculated
volume, designated errors, calculated coordinates,
spatial models of the basin, model of a depression
based on the interpolation of contour lines and
an indicative map, showing isobathic lines of the
relief of the bottom of the lake.
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Wyznaczenie ksztattu i objetosci niecki
poeksploatacyjnej na terenie Kadzielni w Kielcach

1. Wstep

Znajdujacy si¢ w granicach administracyjnych
Kielc rezerwat przyrody nieozywionej Kadzielnia
jest pozostatoscia po trwajacej okoto 200 lat dziatal-
nosci gorniczej. Od lat 70. XVIII wieku wydobywa-
no tu wapienie; eksploatacj¢ zakonczono w 1962 r.
W wyniku intensywnego wydobycia ze wzgorza po-
zostalo tylko jego wschodnie zbocze, resztki zbocza
potudniowo-zachodniego z przylegajaca hatda (zwa-
ng obecnie Wzgorzem Harcerskim) oraz oddzielona
glebokim wyrobiskiem Skatka Geologow.
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Wskutek eksploatacji gorniczej i wydobywania
skat wapiennych w jej potnocnej czgéci powstaly gle-
bokie wyrobiska, ktore zalewane byly w najnizszym
ich poziomie wodami podziemnymi. Utworzyty one
Jezioro Szmaragdowe, ktorego nazwa pochodzi od
jego niepowtarzalnej barwy. W latach 80. w wyni-
ku obnizenia si¢ poziomu wod gruntowych jezioro
w znacznej czgsci wyschto, a obecnie jego glebokos¢
nie przekracza 4 m. Od pewnego czasu powstaja pro-
jekty odtworzenia jego pierwotnej formy, polegajace
na wypehieniu niecki woda. Dla okreslenia realno-
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Sci tego przedsiewzigcia niezbedne jest wyznaczenie
objetosci niecki. Brak jest bowiem w oficjalnych na-
ukowych opracowaniach danych, okreslajacych ten
najistotniejszy z punktu widzenia wspomnianych
projektow parametr. Przeprowadzone badania miaty
zatem charakter innowacyjny.

Pomiary ksztattu i objetosci niecki, przedstawione
w artykule, wykonane zostaty w ramach badan statu-
towych dziatalnosci Studenckiego Kota Naukowego
Geomatica oraz prac dyplomowych inzynierskich,
obronionych w 2015 r. na Wydziale Inzynierii Srodo-
wiska, Geomatyki i Energetyki [1-3], w powigzaniu
z innymi pracami prowadzonymi w celu inwentaryza-
cji obszaru Kadzielni [4, 5]. Ze wzgledu na istnienie
W niecce czesci zawodnionej oraz suchej (niezawod-
nionej) i zwigzang z tym konieczno$¢ stosowania od-
miennych metod obserwacji wyodrgbniono wyzna-
czenie objetosci dla obu wymienionych czgsci. Do
pomiaru czgsci zawodnionej wykorzystano metode
batymetryczng; w stosunku do czes$ci niezawodnio-
nej zastosowano metode tachimetryczng (za pomoca
tachimetru skanujacego), taczac ja z technologia sa-
telitarng RTK GPS dla wyznaczenia wspotrzednych
punktow osnowy geodezyjnej.

2. Pomiar batymetryczny czesci zawodnionej

W celu wyznaczenia ksztaltu i objetosci czesci
zawodnione] (pozostatosci Jeziora Szmaragdowego)
uzytometody batymetrycznej, opartej na zastosowaniu
echosondy.

Sonda akustyczna to urzadzenie przeznaczone do
pomiaru poziomu cieczy w zbiornikach otwartych
badz zamknietych. Podczas pomiaru sonda nie ma
bezposredniego kontaktu z mierzonym medium.
Pomiar poziomu za pomocg tej sondy odbywa si¢
na zasadzie pomiaru czasu pomiedzy wystaniem
impulsu pomiarowego a odebraniem echa. Czas ten
jest przetwarzany przez elektronike sondy na sygnat
wyjsciowy. W zwiazku z matg dtugoscia fal mozna je
ogniskowac i ksztattowac¢ w wiazki [6, 7].

Podstawowym elementem sondy jest indykator,
ktory wskazuje mierzong glebokos¢. Sktada sig
na niego system nadawczy 1 odbiorczy. Kanat
nadawczy sktada si¢ z impulsatora i przetwornika
nadawczego dzwigkow, za$ kanat odbiorczy sktada
si¢ z przetwornika odbiorczego oraz wzmacniacza
impulsow odbieranych.

Impuls z indykatora zostaje wystany do nadajnika,
gdzie zaznaczony jest czas wyjscia sygnatu oznaczony
narysunku 1 jakot . Impuls zostaje zamieniony na ener-
gie ultradzwigkowa, ktora w postaci sygnatu akustycz-

nego zostaje wypromieniowana w stron¢ dna. Napotka-
nie przez impuls powierzchni powoduje, ze cze$¢ ener-
gii odbija si¢ od dna i powraca jako echo do zanurzone-
go w wodzie odbiornika, w ktorym zostaje z powrotem
zamieniony na impuls elektryczny. Po wzmocnieniu
w indykatorze impuls zostaje przekazany do rejestra-
tora, gdzie spetia role znacznika czasu t, — powrotu
sygnatu akustycznego, ktory zostaje zarejestrowany.
Aparatura notuje czas mi¢dzy wysltaniem a przyjeciem
impulsu, proporcjonalny do mierzonej odlegtosci.

Do pomiaru wykorzystano nowoczesng echosonde
akustyczng (rys. 2), pobierajaca bardzo mato mocy.
W jej sklad wchodzg: jeden lub dwa przetworniki,
zespot nadawczo-odbiorczy GPT (General Purpose
Transceiver), a takze standardowy komputer przeno-
sny. Czestotliwos¢ dla przetwornikow sigga przedzia-
tu 38-710 kHz [6]. Istnieje mozliwo$¢ wykorzystania
podwojnych przetwornikow w celu rownoleglego
dzialania na dwoch czestotliwosciach. Zespot GPT
obejmuje uktady elektroniki nadajnika i odbiornika,
ktore sa formatowane do pracy jedno- lub dwukanato-
wej. Poczatkowa moc kazdego z nich wynosi 300 W.
Kazdy odglos jest zmierzony, a nastgpnie wyswietlo-
ny. W celu przedstawienia echogramow korzysta si¢
z przenosnego komputera, ktory taczy sie z GPT za
pomoca skretek. Pozwala to na duzag odleglo$¢ po-
mi¢dzy nimi, nawet do 100 m [8]. Sonda jest wyposa-
zona w odbiornik satelitarny GPS.

Pomiar za pomoca sondy uzupelniano klasyczny-
mi obserwacjami tachimetrycznymi wszystkich mie-
rzonych punktow, sygnalizowanych rownoczesnie
za pomocg tyczki z sygnatem lustrowym (rys. 3). Ze
wzgledu na intensywna ro§linnos¢ w jeziorze pomiary
wykonywane sondg akustyczng nie byty calkowicie
wiarygodne; w obliczeniach 1 analizach uwzglednio-
no zatem wyniki pomiar6w za pomoca tyczki. Ogo-
lem wyznaczono potozenie 147 miejsc sondowania,
w tym 86 punktow za pomocg sondy akustyczne;j.

Z rezultatéw pomiaru wynika, ze maksymalna gle-
bokos¢ jeziora osigga 3,2 m. Na wigkszej czgsci je-
ziora gleboko$¢ ta waha si¢ w granicach od ok. 1,5 m
do 2,5 m.

3. Pomiar tachimetryczny czesci niezawodnionej

Powstala w wyniku dzialalno$ci goérniczej niecka
ma bardzo zréznicowany ksztalt. Do realizacji tego
przedsiewzigcia konieczne bylo uzupehienie istnie-
jacej trwalej osnowy geodezyjnej (zatozonej wcze-
$niej z nawigzaniem do uktadu panstwowego) o do-
datkowe stanowiska (rys. 4). W rezultacie osnowe
stanowilo 8 punktow, zalozonych na gorze oraz na
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dole niecki, ktérych wspoétrzedne wyznaczono meto-
da RTK GPS oraz metodg wcigcia kombinowanego.

Wszystkie pikiety w czgsci niezawodnionej pomie-
rzono metoda tachimetryczng. Tachimetrig postuzono
sie ze wzgledu na uksztattowanie terenu — niemozliwy
byt pomiar GNSS (brak sygnatu satelitarnego spowo-
dowany duzymi przestoni¢ciami terenu). Pomiar od-
bywat si¢ metoda lustrowa i bezlustrowa, na co wplyw
miat fakt, ze nie wszystkie miejsca byly dostepne do
pomiaru. Polozenie sytuacyjne punktéw wyznaczono
metoda biegunowa, a wysoko$ci — w oparciu o niwe-
lacje trygonometryczng.

Tachimetr uzyty do pomiaru zostal zakupiony
w ramach projektu ,,Doposazenie laboratoridéw wspo-
magajacych proces dydaktyczny kierunku inzynierii
srodowiska oraz geodezji i kartografii w Politechnice
Swietokrzyskiej”, wspolfinansowanego przez Unig
Europejskag ze $rodkow Europejskiego Funduszu
Rozwoju Regionalnego Programu Operacyjnego Wo-
jewodztwa Swigtokrzyskiego na lata 2007-2013.

Tachimetria obejmowata pomiar wszystkich cha-
rakterystycznych szczegdtow terenowych niecki, ja-
kimi byty wszelkie zatamania, wklestosci oraz wypu-
ktosci terenu lub nagle obnizenia krawedzi. Starano
si¢ rowniez uwzgledni¢ przy pomiarze wystepujace
zroznicowanie krawedzi linii brzegowej zbiornika
wodnego. Pikiety na catym obszarze byty rozmiesz-
czone rownomiernie, w odleglo$ci wynoszacej Sred-
nio 10,00 m. W miejscach, gdzie rzezba terenu byta
bardziej zrdznicowana, zageszczano je, aby wiernie
odwzorowac¢ ksztalt mierzonego obszaru.

Ogoélem w czgsci niezawodnionej wyznaczono po-
lozenie 414 punktow, rozmieszczonych regularnie
na terenie calego wyrobiska. Wykaz wspotrzednych
sytuacyjno-wysoko$ciowych otrzymano, korzystajac
z programu WinKalk. Rozmieszczenie pikiet pokaza-
no na rysunku 5.

W celu skontrolowania prawidtowosci pomiardéw
tachimetrycznych oraz wyznaczenia ich doktadno-
Sci wybrano po dwa punkty z kazdego stanowiska
1 pomierzono je rowniez z sasiedniego stanowiska.
Celowano w przyklejong tarcze dalmierczg, tyczke
z lustrem lub konkretne charakterystyczne miejsce.

4. Wyznaczenie objetosci niecki

Gltowna zasada przy obliczaniu objetosci niecki na
terenie rezerwatu Kadzielnia byto przedstawienie jej
w postaci bryly nieregularnej, a nastepnie podziele-
nie na elementarne bryty geometryczne. Wykonanie
takiej czynnos$ci dokonuje si¢ w celu osiagnigcia wy-
sokiej doktadnosci wyznaczenia objetosci.
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Obliczenie objetosci bryly nieregularnej mozna wy-
konaé¢ za pomocg programow inzynierskich, takich
jak WinKalk, Surfer, C-Geo i AutoCAD. W opra-
cowaniu wykorzystano ostatecznie Surfer i C-Geo.
Kazdy z nich pozwala na obliczenie obj¢tosci inng
metoda, co wigze si¢ z roznym przeprowadzeniem
obliczen (na podstawie siatki kwadratow i trojkatow).
Uzyskane wyniki przedstawiono w formie modeli
przestrzennych niecki, modelu zaglebienia oparte-
g0 o interpolacje warstwic oraz mapy przedstawia-
jacej uksztattowanie dna jeziora za pomocg izolinii
(rys. 6-9). Otrzymane wartosci s3 wiarygodne i moga
stanowi¢ podstawe do dalszych dziatan realizacyjnych.

Obliczenie objetosci niecki zostato wykonane dla
catosci niecki oraz oddzielnie dla cze$ci zawodnione;j
1 niezawodnione;j.

Uzyskane wyniki objetosci czgsci zawodnionej [1-3]:

- program C-GEO — 23 006,71 m?,

- program Surfer — 22 569,58 m?,

- réznica objetos$ci — 437,13 m’,

- réznica procentowa — 1,94%.

Objetos¢ czesci niezawodnionej [1-3]:

- program C-GEO — 286 059,40 m’,

- program Surfer — 276 861,36 m®,

- réznica objetosci — 9 198,04 m?,

- réznica procentowa — 3,32%.

Calkowita objetos¢ niecki [1-3]:

- program C-GEO — 309 066,11 m?,

- program Surfer — 299 430,94 m°,

- réznica objetosci — 9 635,17 m?,

- réznica procentowa — 3,22%.

Btad wyznaczenia objetosci okreslono na podsta-
wie bledow potozenia pikiet (obliczonych z rdznic
wspotrzednych dla punktow kontrolnych) oraz wzo-
row, ktorymi postuguja si¢ zastosowane programy
Surfer i C-Geo. Otrzymano Sredni btad wyznacze-
nia objetosci czesci zawodnionej (W zaokragleniu)
+400 m?, dla cze$ci niezawodnionej £2000 m?3. Su-
maryczny btagd wyznaczenia objgtosci catej niecki
wynosi okoto 2040 m?.

Nalezy zauwazy¢, ze powyzszy blad jest jedynie
btedem wewngtrznym, w granicach okreslonych
pomierzonymi pikietami. Nie jest tu uwzgledniony
daleko wigkszy blad wyznaczenia granic niecki, za-
wierajacy w sobie blad wynikajacy z subiektywnej
interpretacji terenu. Blad ten mozna oszacowaé na
co najmniej 10 000 m?; odpowiada to w przyblize-
niu réznicy otrzymanej podczas obliczenia obje-
tosci niecki za pomocg dwoch programoéw (Surfer
i C-GEO). Roéznice te spowodowata odmiennosé
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algorytméw zastosowanych do obliczen, a przede
wszystkim sposob modelowania obszaru.

5. Wnioski

1. Obliczenie objetosci niecki dotyczylo jej zawod-
nionej oraz niezawodnionej czgsci. Dla wyznacze-
nia objetosci zastosowano pomiar batymetryczny
czesci zawodnionej, wraz z wyznaczeniem miejsc
sondowania za pomocg tachimetrii, oraz pomiar ta-
chimetryczny cze$ci niezawodnionej, uzupetniony
obserwacjami w technologii satelitarnej GNSS.

2. Ze wzgledu na duze nagromadzenie mutu, a takze
podwodnej roslinno$ci, sitowia i szuwar metoda
pomiaru batymetrycznego sonda akustyczng oka-
zata si¢ mato skuteczna. Podstawe do dalszych
prac stanowily rezultaty tachimetrycznej obserwa-
cji miejsc sondowania.

3. Wyznaczenie objetosci niecki oparto na pomierzo-
nych wspotrzednych 561 pikiet, w tym 147 miejsc
sondowania czesci zawodnionej. Btad wyznaczenia
wspolrzednych pikiet oceniono na podstawie roznic
miedzy wspolrzednymi punktéw kontrolnych, kto-
rych potozenie wyznaczano niezaleznie z dwoch
r6znych stanowisk. Odpowiednie wielkosci btedow
srednich wynosity: wzdtuz osi x i y: m = 0,023 m,
m, = 0,026 m; $redni btad potozenia sytuacyjnego
m = 0,030 m; sredni btad wyznaczenia wysokosci
m, = 0,022 m; Sredni bigd polozenia przestrzenne-
gom = 0,037 m.

Z

4,

5.

6.

Wyniki pomiardw obu czesci niecki opracowano
w dwoch programach: Surfer oraz C-GEO. Obje-
tos¢ czesci zawodnionej wynosi (w zaokragleniu)
23 000 m®. Najwicksza glebokos¢ jeziora dochodzi
do 3,2 m i znajduje si¢ w jego poludniowej czgsci.
Wielkos¢ objetosci czesci niezawodnionej wyno-
si (w zaokragleniu) 277 000 m?. Wyniki obliczen
za pomocg dwdch programéw roznig si¢ o okoto
3,3%; jest to skutek odmiennych algorytmoéw obli-
czeniowych i zatozen metodycznych przy oblicza-
niu objetosci. Sumaryczng objetos¢ niecki mozna
oceni¢ na okoto 300 000 m*.

Na podstawie wartosci bledéw $rednich wyznacze-
nia wspotrzednych punktow oszacowano wstepnie
btad okreslenia objgtosci niecki, wynoszacy: dla
czesci zawodnionej m = £400 m’, dla czgsci nieza-
wodnionej m = 2000 m’. Bledy te nie uwzgledniajg
niedoktadnosci, wynikajacych z subiektywnego wy-
znaczenia granic niecki w czesci niezawodnionej.
Wynikiem ostatecznym pracy s3: obliczona obje-
tos¢, wyznaczone bledy, wyliczone wspotrzedne,
modele przestrzenne niecki, model zaglebienia
oparty o interpolacje warstwic oraz mapa pogla-
dowa, przedstawiajaca izobaty rzezby dna jeziora.
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