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RESEARCH ON SAND-LIME PRODUCTS REGARDING
THEIR PHYSICAL AND MECHANICAL FEATURES

Abstract

In this article, the main goal of conducted experiments was focused on determination of physical and mechanical features
of examined sand-lime building blocks and how they interact with each other. The experiment was conducted using solid
sand-lime bricks of 250 x 180 x 220 mm size of the class 15 as well as modified products of the same size but different
structure.

The investigation covered different kinds of fillers. From the preliminary technical and economical analysis we may state
that the best ones are barite, basalt, hematite and magnetite.

Keywords: Sand-lime brick, acoustic isolation, fillers, basalt

1. Introduction

Sand-lime products are used as an engineering
material of ultimate compressive strength. They are
completely natural. Their main ingredients are: sand,
lime and water. They are environmentally friendly.
Sand-lime bricks are popular in many countries e.g.
Scandinavia, Germany, the Netherlands, France, Italy,
Spain, Great Britain or Russia. Moreover, thanks to
their considerable weight, they are characterised by
high acoustic isolation [1, 2].

Due to their strong alkaline reaction, sand-lime
bricks are resistant to biological corrosion in closed
places. They provide friendly climate and protect
against the spread of mould and bacterial flora. They
also posses very good features regarding the thermal
building regulations. It is due to their ability to
accumulate heat and humidity.

Based on current standards (PN-EN 772-9, 10, 11,
13, 18), various hypothesis have been formulated.
They became the basis for further research on sand-
lime products. One of them was formulated, if
weight modification of a sand-lime product (without
changing its capacity) will cause major improvement
of both physical and strength features.

Another important aspect of sand-lime products
is acoustic isolation (apart from water absorption,
humidity, density and soaking). But the acoustic
isolation clearly depends on the structure and
material used. Heavy dams ensure sound absorbance.

However, it is not related to dimensions of walls, but
to the weight of that kind of dams. Very important is
the weight possessed by used material per 1 m?.

Another question to be answered is, if the
infringement in product’s structure which considers
an insertion of fillers into sand-lime production had
any impact and what their influence on physical
parameters and strength features of modified units
is. Another question to be investigated was, if an
insertion of fillers into the sand-lime has an impact on
physical parameters and durability of modified units.

It is commonly known, that sand-lime products
belong to a group of materials characterised by very
good acoustic isolation. Therefore, any interference
with their inner structure (by various kinds of fillers)
may cause formation of new structures and bonds.
They may have an impact not only on interaction
between the of certain units and its structure as a whole.
That involves works on that involves the tightness and
porosity of the material. They determine most of the
features such as for example: ultimate compressive
strength, acoustic isolation and frost-resistance.

It may happen that improvement of one of those
features may cause deterioration of others. Therefore,
it is necessary to consider if it is appropriate to
interfere with anything that is fine and completely
natural.

In this article, the aim of conducted experiments
was focused on determination of physical and
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mechanical features of examined sand-lime building
blocks. Also, how they interact with each other.

2. Examination of sand-lime products

The experiment was conducted using solid sand-
lime bricks of 250 x 180 x 220 mm size of the class
15 as well as modified products of the same size but
different structure.

The preliminary technical and economical analysis
determined that among different kind of fillers used to
improve physical and mechanical properties, the best
ones to use are: barite, basalt, hematite and magnetite.
It is because of the density of the final product, which
is very significant.

Based on previously mentioned norms, numbers of
samples were chosen for every stage of the research.
Sand-lime products were subject to following tests:

— determination of water absorption caused by
a capillary pull of building blocks,

— determination of humidity of examined sand-lime
products,

— determination of weight of sand-lime building
blocks,

— determination of impregnability of sand-lime
units (water absorption with complete immersion
into water).

Durability test has also been done. It is considered
to be the basic mechanical feature.

Some of used aggregates are characterised by high
hardness. These materials poses the hardness of 8.5
on the Mohs’ hardness scale. That explains their
wide usage in civil engineering. Consequently, we
can deduce, that hardness of a solid depends on the
energy bonds in their structure. Therefore, we used
basalt aggregate of the 2-4 mm fraction. Considering
that 36% (M2) and 48% (M1) of its contents will be
used in the mixture of the product.

3. Research analysis

The chart above shows the relation between
ultimate compressive strength and water absorption
corresponding to different types of sand-lime
products. The experiment proves that original sand-
lime building blocks (S) are characterised by much
higher water absorption that those modified (Ml
and M2) (Fig. 1). This is clearly seen in the chart
above. Therefore, it is appropriate to state that inner
modification of the material structure, contributed
to significant and proportional decrease in water
absorption; and to increase in compressive strength.

The analysis showed, that original sand-lime bricks
were completely wet due to a capillary pull, whilst
those modified were half-wet (where h = 18 cm).

Relationship between ultimate compressive
strength and water absorption
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Fig. 1. Relationship between ultimate compressive
strength of sand-lime products and their water absorption

Humidity test (Fig. 2) for sand-lime products
proved that sand-lime building blocks of an original
and intact structure (S) show proportionally lower
humidity than those modified (M1 and M2). That is
undoubtedly is related to the filler used. However, the
difference is insignificant. Therefore, we can’t state as
yet, if the further increase in both of those parameters
will cause refraction of the straight line.

Relationship between ultimate compressive
strength and humidity
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Fig. 2. Relationship between ultimate compressive
strength of sand-lime products and their humidity

Due to modification in the original structure of
a sand-lime product through insertion of the aggregate,
impregnability of the product has improved (Fig. 3).
When immersed in water, the modified material
(M1 and M2) possessed proportionally lower water
absorption, as compared to original sand-lime products
(S). The latter one absorbs more water considerably
faster (due to the capillary pull). But, consequently,
the water is absorbed from the whole surface. Thus,
it has the negative impact on mechanical features of
these products.
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Relationship between ultimate compressive
strength and impregnability
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Fig. 3. Relationship between ultimate compressive
strength of sand-lime products and their impregnability

Insertion of an aggregate of density from 2.70
to 3.2 T/m* caused weight increase of a “new”
product. Higher density of sand-lime products led to
improvement of their ultimate compressive strength.
That was the objective of yet another experiment.
Commonly, sand-lime bricks are class 15 product.
Endurance test allowed to place the modified sand-
lime products into a higher class (Fig. 4).

Relationship between ultimate compressive
strength and weight
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Fig. 4. Relationship between ultimate compressive
strength of sand-lime products and their weight

Modification in a structure contributed to
improvement of mechanical features mentioned
above. But higher weight of an element with
following higher density of a product has an impact
on improvement of sound absorbance of sand-lime
products as well.

Thanks to insertion of basalt aggregate in the
production of sand-lime building blocks, it is possible
to estimate the annual costs of production. And that
may be very cost-effective for the mass production.

Original sand-lime products (S) with lower
humidity, absorbed significantly more water due to a
capillary pull than modified products (M1 and M2)
(Fig. 5). Units with modified structure feature slightly

higher humidity as compared with original units. But
their absorption is much lower. This undoubtedly has
an impact on the quality of a material.

Relationship between humidity and water
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Fig. 5. Relationship between humidity of sand-lime
products and their water absorption

The above curve represents the relationship between
the two physical features: humidity and absorption.
From the interpretation of this curve can be seen, that
the higher is the humidity, the lower impregnability
of the element (Fig. 6). Original sand-lime products
(S) have usually higher humidity than those modified
(M1 and M2). That is certainly related to an aggregate
used.

Relationship between humidity and impregnability
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Fig. 6. Relationship between humidity and impregnability

4. Conclusions

1. Modification of the structure of sand-lime products
had a positive impact on improvement of some of
its physical features. These are: water absorbency,
impregnability and density.

2. Humidity of a “new” sand-lime product was
a little higher due to insertion of a filler. The filler
was the basalt aggregate.

3. Higher humidity caused a decrease of
impregnability. It significantly limited capillary
pull of units at the same time.
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4. Modified products showed higher ultimate
compressive strength as compared to their original
equivalents.

5. Higher weight of a sand-lime product, without any
changes of its capacity, caused improvement of
both: physical and durability features.
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Badania wyrobow silikatowych
pod katem poprawy ich cech fizygkomechanicznych

1. Wstep

Wyroby silikatowe sa materiatem konstrukcyjnym
charakteryzujacym si¢ znaczng wytrzymatoscia. Sili-
katy to produkty catkowicie naturalne, ktorych sktadni-
kami sa: piasek, wapno oraz woda, a wigc sa przyjazne
dla srodowiska naturalnego. Na szeroka skale stosuje
si¢ je miedzy innymi w krajach takich jak: Niemcy,
Skandynawia, Francja, Wtochy, Hiszpania, Holandia,
Wielka Brytania czy Rosja. Ich duza masa sprawia, ze
odznaczajg si¢ wysoka izolacyjnoscig akustyczng.

2. Zakres i metodyka badan

W przedstawionym artykule celem przeprowadza-
nych doswiadczen jest okreslenie wlasciwosci fizy-
komechanicznychbadanych elementow silikatowych
i ich wzajemne oddziatywania podczas ich mody-
fikacji. Eksperyment przeprowadzono na peinych
silikatowych elementach murowych o wymiarach:
250 x 180 x 220 mm, klasy 15 oraz na wyrobach
modyfikowanych, o tych samych wymiarach, ale in-
nej strukturze.

Wstepna analiza techniczno-ekonomiczna wykazata,
ze sposrod roznego rodzaju wypetniaczy dla polepsze-
nia wlasciwosci fizykomechanicznych najkorzystniej-
sze bedzie zastosowanie miedzy innymi: barytu, ba-
zaltu, hematytu, czy magnetytu. Istotng rolg¢ odgrywa
bowiem gestos¢ koncowego produktu.

Silikaty poddane byty nastgpujagcym probom:

— okreslenie absorpcji wody spowodowanej pod-

cigganiem kapilarnym elementéw murowych,

— okreslenie wilgotnosci badanych silikatow,

— okreslenie masy elementow silikatowych,

— okreslenie nasigkliwo$ci elementow silikato-
wych (absorpcji wody przy catkowitym zanurze-
niu wyrobow w wodzie),

— okreslenie wytrzymatos$ci na $ciskanie.

W zwiazku z powyzszym dla naszych badan ekspe-
rymentalnych wybrane zostalo kruszywo bazaltowe
o frakcji 2-4 mm we wstepnie zatozonej 36% i 50%
jego zawartosci w masie wyrobu.

3. Wnioski

1. Zmiana budowy wewnetrznej wyrobow silikato-
wych korzystnie wplyneta na poprawe takich cech
fizycznych, jak: absorpcja wody badanych wyro-
boéw, nasigkliwos¢ i ich gestoscé.

2. Na skutek dodania do produkcji elementu wypet-
niacza, jakim byto kruszywo bazaltowe, wzrosta
nieznacznie wilgotno$¢ ,,nowego” silikatu.

3. Wzrost wilgotnosci spowodowat rownoczesnie
zmniejszenie nasigkliwo$ci i znacznie ograniczyt
podciaganie kapilarne elementow.

4. Modyfikowane produkty wykazaty zwigkszona
wytrzymalo$¢ na $ciskanie w porownaniu z ich
tradycyjnymi odpowiednikami.

5. Zwigkszenie masy wyrobu silikatowego, bez
zmiany jego objetosci spowodowato polepszenie
wlasciwosci zarowno fizycznych, jak i wytrzyma-
losciowych.
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RESISTANCE OF THE PAVEMENT TO WATER
AND FROST IN THE COLD RECYCLING TECHNOLOGY

Abstract

The road pavement structure (apart from having the required load capacity) should be water and frost resistant. This
is important for pavements produced with the cold recycling technology. Foamed bitumen and, alternatively, bitumen
emulsion were used for the resistance tests of the pavements. The bitumen binder content in the recycled material was
2.0%, 2.5% and 3.0%. The tests (stability against deformation, Marshall stiffness and indirect tensile strength (ITS))
showed that use of foamed bitumen is more advantageous than bitumen emulsion. That is in terms of mechanical properties
of pavement. The measurements of resistance due to water and frost (according to AASHTO T283 method) and resistance
to low temperature cracking (according to the PANK 4302 method) confirmed that pavement produced with the cold
recycling technology is resistant to these climatic factors. The tests also showed that pavement produced with foamed
bitumen is more resistant than pavement with bitumen emulsion. It is suggested, that general water resistance criterion
(tensile strength retained (TRS)) of such pavement should be broadened to include e.g. the AASHTO T283 method.

The paper was presented at the International Conference on Maintenance and Rehabilitation of Pavements and

Technological Control in Torino, Italy.

Keywords: pavement, base, foamed bitumen, cold recycling technology, PANK 4302, AASHTO T283

1. Introduction

The constantly deteriorating condition of asphalt
roads in Poland is one of the crucial problems in road
engineering. There are many reaons for accelerated
degradation of pavements. Some of them are: the
growing number of heavy trucks, an increase in
vehicle axle loading from 100 kN to 115 kN, aging
of pavement, improper design for the weather
conditions, and improper maintenance.

The need to modernize the road network and the
necessity to build highways led to increased demand
for an aggregate. Its supply has been insufficient
for years. It resulted in broad interest in alternative
methods of road construction. These methods should
improve the efficiency in road repairs. Technologies
which reuse construction materials are of particular
interest. That allows to better manage the funds
allocated for road maintenance.

The use of the cold recycling technology is
advantageous. For technical, economical and
ecological reasons. Reusing materials taken from

old pavements is lowering the exploitation rate of
mineral deposits. Thus, its reducing the impact on the
environment.

The cold recycling technology is the method
more and more commonly used. Especially for
significantly damaged asphalt surfaces where ruts
and fatigue crack are seen. In Poland the technology
using mineral — cement — emulsion (M-C-E) mixes
is popular. However, in recent years due to demand
for modernization of the road network this approach
is changing approach. The emphasis is placed
on improvement of the load capacity of surface
construction. The foamed bitumen is used instead of
bitumen emulsion. This bitumen binder enables to
obtain more durable road pavements [1].

Foamed bitumen contains very little water. Its
curing period is shorter then bitumen emulsion. The
pavement made with this technology can almost
immediately be covered by other layers. Another
advantage is the 100% use of an old material from
destructed pavements. And to produce a new load
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bearing flexible layer. It can also decrease the
thickness of the upper bitumen layers. And lower the
production time.

The deep recycling with foamed bitumen is widely
used. Examples are: Africa and Australia. There, the
impact of temperatures below 0°C (frost) and water on
the road construction is not significant. Consequently,
only tensile strength retained (TRS) is usually done.
TRS is a ratio of the values of indirect tensile strength
before and after soaking pavement samples in water.
However, in Poland the weather conditions are more
severe (due to water and frost interaction). As far as
we know, for the pavement with foamed bitumen
(regarding its water and frost resistance) no detailed
data is available for moderate climate. Thus, before
introducing this technology on the market, it is
necessary to assess its water and frost resistance. It
should be done in a range which broadens the existing
requirements. And should be specifically prepared for
this innovative technology.

2. Tested material
2.1. Foamed bitumen tests

An important step of the tests was to preliminarily
determine the suitability of bitumen applied for
the foaming technology. The tests were performed
on four kinds of road bitumen: 50/70 from Plock
(50/70P), 160/220 from Trzebinia (160/220T) and
two kinds of bitumen manufactured by the Nynas
company (50/70N and Nyfoam 80). The suitability
analysis focused on the basic properties and foaming
parameters. The test results are presented in Figures
la — 1d. From the analysis of the results [1, 2], we
conclude that the Nyfoam 80 bitumen (Fig. 1d) has the
most favourable foaming parameters. Its expansion
ratio WE = 15.1 and half - life of the bitumen foam t'4
= 14.4 s. Thus, its application should guarantee high
physical and mechanical parameters of the pavement.

10

d)
Fig. 1. Foamed bitumen characteristics for the following
kinds of bitumen: a) 50/70P, b) 160/220T,
¢) 50/70N, d) Nyfoam 80

2.2. The composition of the recycled pavement mixes

The laboratory tests were carried out on the
mineral mix from the modernised construction
layers with the addition of foamed bitumen. And,
alternatively, with bitumen emulsion intended to
form the pavement layer. Cement and water were
also added to the recycled mix. It was done in order
to obtain optimal compaction conditions.

The designed mineral mix of the recycled pavement
contained 48% of milled asphalt layers, 22% of the
existing stone base and 30% of a new material —
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0/4 mm dolomite aggregate. The addition of cement
to the mix was based on the strength tests. It equalled
2.0% in relation to its mass. Cement was used to
increase the content of the fraction below 0.075 mm
in the recycled material.

The designed recycled mineral mix met the
grading criteria for both: the mineral mixes in the
recycling technology with foamed bitumen, and
for the M-C-E mixes (Fig. 2); it also complied with
requirements [3] [4].

Fig. 2. Grading curves of the mineral mix for the
production of pavements in the recycling technology
with foamed bitumen and bitumen emulsion

The laboratory tests were performed on two kinds
of mineral — bitumen mixes. In the first kind of
the mineral — bitumen mix foamed bitumen from
the Nyfoam 80 bitumen with a 2.0% addition of
water (M-C-AS) was used. Its choice was based
on the analysis of the preliminary test results.
In the other mix (M-C-E) cationic slow — curing
bitumen emulsion K3-60 was used. The foamed
bitumen content was 2.0%, 2.5% and 3.0% (m/m).
In order to properly compare the recycled pavement
mix, the same amount of bitumen binder (bitumen
precipitated from bitumen emulsion) as in the
foamed bitumen mixes was used. However, due to
the fact that measurements were conducted for K3-
60 bitumen emulsion (whose bitumen content in
emulsion was 60%), emulsion was added according
to the technical guidelines [4]. The percentage of
the added emulsion was: 3.4%, 4.2% and 5.0%.
That resulted in bitumen content of 2.0%, 2.5% and
3.0%, respectively.

2.3. Methodology and analysis of the test results

The aim of this investigation was to determine
the impact of foamed bitumen on the mechanical
properties of pavement made with the deep cold
recycling technology (M-C-AS); also to determine
its water and frost resistance. Reference tests
were made for the recycled mix in which bitumen
emulsion (M-C-E) was used.

The experiment was carried out in two stages. The
first stage was focused on the basic physical and
mechanical properties with considering the kind of
binder used. In the second one the water and frost
resistance of the pavement was determined.

It was important to assess the homogeneity of
the conducted experiment. The measurements were
taken only for samples with void fraction content
ranged between (V — 2s ; V + 2s), where V — mean
void fraction content in the pavement, s — standard
deviation. The tests were performed on series of
9 samples. The presented results are the mean values.

For the designed mixes the basic physical and
mechanical properties were determined. That
included: stability against deformation, Marshall
stiffness, indirect tensile strength, void fraction
content and static creep modulus.

The results of the laboratory tests for both mixes
are presented in Figure 3. The description is as
follows: Marshall stability (S), deformation (E) and
stiffness (Sz), indirect tensile strength (ITS), void
fraction content (Wp) and static creep modulus
(MS) depending on the kind of bitumen binder.

The increase in the binder content (foamed
bitumen and bitumen emulsion) led to an increase in
indirect tensile strength. The use of foamed bitumen
resulted in about 10% rise in indirect tensile strength
as compared to binder in which bitumen emulsion
was used.

The stability of the recycled pavement and foamed
bitumen content is different. An increase in foamed
bitumen content to 2.5% resulted in an increase in
stability. However, the application of more bitumen
led to a decrease in stability. In the case of bitumen
emulsion pavement stability decreased when more
binder was used. The pavement stability was highest
for the foamed bitumen content of 2.5%; and higher
than in the case of 2% bitumen emulsion content.

11
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f)

Fig. 3. Physical and mechanical properties of the recycled
pavement mixes are depending on the kind of bitumen
binder: a) Marshall stability, b) Marshall deformation,

c¢) Marshall stiffness, d) indirect tensile strength,
e) void fraction content, f) static creep modulus

The pavement with foamed bitumen has lower
Marshall deformations as compared to pavement
with bitumen emulsion. At the same time its more
resistant to plastic deformations under the traffic load.
It is also confirmed with the analysis of Marshall
stiffness of the pavement with foamed bitumen. The
Marshall stiffness values from the tests prove that the
application of this kind of bitumen binder enables to
obtain the pavement structure which is more resistant.
Marshall stiffness for the foamed bitumen content of
2.5% was 5.33 kN/mm in comparison to the highest
value of 2.53 kN/mm for the 2.0% content of bitumen
from bitumen emulsion.

These pavements have higher values of the static
creep than bitumen emulsion. The values of the
static creep decrease as more bitumen binder is used,
regardless of its kind. The static creep does not quite
depend on binder. Decreasing this concentration led
to a significant increase in the values of the static
creep as opposed to the case when bitumen emulsion
was used.
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The tests from the first stage show, that if we use
the foamed bitumen, the properties of the recycled
pavement are advantegous compared to bitumen
emulsion.

The favourable test results of the physical and
mechanical properties of the pavement produced
with the recycled technology with foamed bitumen
are However, its not sufficient to introduce this
road engineering technology in Poland. Asits also
necessary to determine water and frost resistance of
this kind of pavement. That was done in the second
step of an investigation.

In order to assess water and frost resistance of
mineral mixes with foamed bitumen (M-C-AS)
and reference mineral — cement — emulsion mixes
(M-C-E), the following parameters were determined:
— indirect tensile strength after soaking with water

(ITSwoter),

— tensile strength retained TSR [5],

— resistance to low temperature cracking according to
the Finnish PANK 4302 standard [6],

— indirect tensile strength after curing in water and
frost according to the American guidelines, e.g. the
AASHTO T283 method [7, 8].

The test results due to weather conditions are
presented in Table 1 (as reference samples). The
relation between indirect tensile strength at -2°C
according to PANK 4302 and the foamed bitumen
and bitumen emulsion content are shown in Figure 4.
Figure 5 presents the same, but for indirect tensile
strength after curing only in water and in water and
frost according to AASHTO T283.

Table 1. Test results of water and frost resistance of the
recycled pavement with foamed bitumen and bitumen
emulsion

The kind of the recycled pavement mix M-C-AS M-C-E

Bitumen (AS) content / bitumen in bitumen

emulsion (EA) content [%)]

Cement content [%)] 2.0
The properties of the recycled pavement mixes

1 |ITS, ,, [kPa] 404|470 (604 | 344 | 421|497

2 |TSR 0.73)0.75|0.82|0.68|0.71|0.74

Indirect tensile strength at -2°C according
to PANK 4302 [MPa]

Indirect tensile strength ratio at 20°C according to AASHTO T283 [%]
4a | After curing in water 71.2|78.3|79.7|67.4|69.5|71.8
4b | After curing in water and frost 62.770.2|172.9|159.6/62.2|65.1

No. 20125|30|20|25|30

0.7]08(1.1]0.7109 | 1.0

Fig. 4. Indirect tensile strength of the recycled pavement
according to PANK 4302

Fig. 5. Indirect tensile strength ratio of the recycled
pavement according to AASHTO T283

Pavements made with foamed bitumen have
higher tensile strength retained in comparison to
bitumen emulsion. TSR increases with the foamed
bitumen content. It should be noted that According
to the criterion proposed by Jenkins [5] the recycled
pavement is water resistant if TSR exceeds 0.70. This
criterion is met only for the pavement with foamed
bitumen. The use of bitumen emulsion does not
guarantee required water resistance of the pavement.
Since the TSR values are lower than 0.70.

The tests confirmed, that resistance to low
temperature cracking of the recycled pavement for
foamed bitumen and bitumen emulsion is comparable
for the same binder contents.

A thorough assessment of water and frost resistance
was performed according to AASHTO T283. The
pavement with foamed bitumen turned out to be water
resistant. But the pavement with bitumen emulsion
did not meet the required criterion. Its indirect tensile
strength ratio after curing in water was lower than 70%
regardless of the emulsion content used. Similarly,
the pavement with bitumen emulsion was not water
and frost resistant. The indirect tensile strength ratio
was below the required value of 70%. At the maximal
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bitumen emulsion content this ratio was only 65.1%.
However the foamed bitumen content in the recycled
pavement of at least 2.5% ensured its water and
frost resistance. It was observed that rising foamed
bitumen content led to an increase in resistance to the
investigated climatic factors.

The tests of the effects of water and low temperatures
on the recycled pavement prove that the use of foamed
bitumen enables to ensure better resistance to these
destructive factors. It can also be concluded, that the
water resistance criterion of the recycled pavement
based on the TSR parameter should be broadened. It
should include, (for example) the proposed AASHTO
T283 method.

3. Conclusions

From the laboratory tests of the recycled pavement
with foamed bitumen and bitumen emulsion, the
following conclusions can be drawn:

1. Only these kinds of bitumen that possess proper
foaming parameters can be used in the foaming
technology, for example the Nyfoam 80 bitumen.

2. An increase in the foamed bitumen content form
2.0% to 3.0% results in an increase in indirect
tensile strength of the recycled pavement.

3. The stability is highest at the binder concentration
of 2.5%.

4. The use of more binder results in decrease of
stability in recycled pavement.

5. The recycled pavement with the 2.5% foamed
bitumen content has more favourable mechanical
properties, higher Marshall stability and stiffness
than bitumen emulsion; that is regardless of the
binder content.

6. The use of foamed bitumen ensures higher water
and frost resistance than bitumen emulsion.

7. The water resistance criterion based only on
the TSR parameter is insufficient; it should be
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broadened to include the proposed AASHTO
T283 method.

8. The recycled pavement with foamed bitumen has
higher static creep than bitumen emulsion.

9. The use of foamed bitumen in the deep cold
recycling technology should guarantee higher
resistance to plastic deformation.

The favourable laboratory tests indicate, that
there is a need to continue research in this area. In
particular, its necessary to verify laboratory test
results in the field. More research should be done and
data collected before introducing this technology on
the market
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Odpornos¢ na oddzialywanie wody i mrozu
podbudowy w technologii recyklingu na zimno

1. Wprowadzenie

Stale pogarszajacy si¢ stan techniczny asfalto-
wych nawierzchni drog jest jednym z najwazniejszych
problemow drogownictwa w Polsce. Zwiekszajacy
si¢ udziat pojazdow ciezkich w ogolnej strukturze ru-
chu drogowego, wzrost obcigzenia na o$ pojazdow ze
100 kN na 115 kN, starzenie si¢ materialow konstruk-
cji nawierzchni, brak przystosowania nawierzchni
do warunkow klimatycznych panujacych w Polsce,
a takze wyczerpanie przez nawierzchnie zakladanego
okresu eksploatacji sg gtownymi przyczynami
przyspieszonej degradacji nawierzchni na znacznym
obszarze sieci drogowe;j.

W przypadku mocno zniszczonych nawierzch-
ni asfaltowych, na ktorych wystepuja koleiny lub
pekniecia zmeczeniowe, coraz czgsciej stosowang
metoda naprawy jest recykling na zimno. Obecnie
w Polsce rozpowszechniona jest technologia re-
cyklingu na zimno konstrukcji nawierzchni z zas-
tosowaniem mieszanek  mineralno-cementowo-
emulsyjnych (M-C-E). Jednakze ciagly wzrost prac
w zakresie modernizacji eksploatowanej sieci
drogowej w naszym kraju, zwigzany z konieczno$cig
poprawy nos$nos$ci konstrukeji nawierzchni, wskazuje
na potrzebe wdrozenia do krajowego wykonawstwa
bardziej nowoczesnej technologii recyklingu na zim-
no, w ktorej zamiast emulsji asfaltowej stosowany
jest asfalt spieniony. Wykorzystanie tego lepiszcza
asfaltowego pozwala uzyska¢ wicksza trwatos$¢ kon-
strukcji nawierzchni drogowej przy oddziatywaniu
agresywnego obcigzenia ruchem i coraz bardziej
niekorzystnych warunkow klimatycznych [1].

2. Badany materiat
2.1. Badania asfaltu spienionego

Do technologii spienienia w drogownictwie
Swiatowym stosowane sa asfalty o réznej pene-
tracji. Istotnym elementem wykonanych badan byto
na wstepie okreslenie przydatnosci stosowanych
w Polsce asfaltow do technologii spienienia. Badania
oceny przydatnosci asfaltow obejmowaly okreslenie

podstawowych ich wiasciwosci oraz parametrow
spienienia. Na podstawie badan [2, 4] stwierdzono,
ze asfalt Nyfoam 80 charakteryzuje si¢ najkorzyst-
niejszymi parametrami spienienia: wspotczynnikiem
ekspansji WE = 15,1 oraz czasem potowicznego
rozpadu piany asfaltowej t2 = 14,4 s. Tym samym
zastosowanie go podczas recyklingu gtebokiego na
zimno powinno gwarantowa¢ uzyskanie podbudowy
o wysokich parametrach fizykomechanicznych.

2.2. Sktad ramowy recyklowanych mieszanek podbudowy

W wykonanych badaniach laboratoryjnych zasto-
sowano mieszanke mineralng pochodzaca z moder-
nizowanych warstw konstrukcyjnych nawierzchni
z dodatkiem asfaltu spienionego i alternatywnie
emulsji asfaltowej, przeznaczona na warstwe pod-
budowy w technologii recyklingu glebokiego na
zimno. Recyklowana mieszanka zawierata rowniez
dodatek 2,0% cementu oraz wody w celu uzyskania
optymalnych warunkow zageszczania. ZawartoS¢ as-
faltu spienionego wynosita odpowiednio 2,0%, 2,5%
oraz 3,0% (m/m). Aby mozliwe bylo prawidlowe
porownywanie recyklowanych mieszanek podbu-
dowy z asfaltem spienionym z mieszanka M-C-E,
w badaniach laboratoryjnych mieszanek M-C-E sto-
sowano te samg ilo$¢ lepiszcza asfaltowego (asfaltu
wytraconego z emulsji) co w mieszankach z asfaltem
spienionym. Jednakze ze wzgledu na fakt, iz w bada-
niach wykorzystywana jest kationowa emulsja asfal-
towa wolnorozpadowa K3-60 (60% asfaltu w emulsji
asfaltowej), w zwigzku z tym dozowano ja zgodnie
z warunkami technicznymi [4] w ilosci 3,4%, 4,2%
oraz 5,0%, co w konsekwencji daje nam odpowiednio
asfaltu 2,0%, 2,5% oraz 3,0%.

2.3. Metodyka oraz analiza rezultatow badan

Celem badan byto okreslenie wplywu ilosci as-
faltu spienionego na wlasciwosci mechaniczne
podbudowy wykonanej w technologii recyklingu
glebokiego na zimno, oraz okreslenie jej odpornosci
na oddziatywanie wody i mrozu. Badania kontrolne
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wykonano dla mieszanki recyklowanej, w ktorej zas-
tosowano emulsj¢ asfaltowa.

Dla zaprojektowanych i wykonanych recyklowa-
nych mieszanek podbudowy z asfaltem spienionym
oraz kontrolnych mieszanek mineralno-cementowo-
emulsyjnych okreslono podstawowe wtasciwosci fi-
zykomechaniczne, takie jak: stabilno$¢ odksztatcenie
1 sztywno$¢ wg Marshalla, wytrzymato$s¢ na po-
srednie rozcigganie, zawartos¢ wolnych przestrze-
ni oraz modut sztywnosci wedlug petzania pod
obcigzeniem statycznym.

Analiza rezultatow badan recyklowanej podbudowy
pozwolita stwierdzi¢, ze wraz ze wzrostem iloSci
lepiszcza (asfaltu spienionego i1 emulsji asfaltowej)
wzrasta jej wytrzymalos¢ na posrednie rozcigganie.
Nalezy zaznaczy¢, ze zastosowanie w podbudowie
asfaltu spienionego powoduje okoto 10-procentowy
wzrost jej wytrzymatos$ci na posrednie rozciaganie,
przy takiej samej zawartosci lepiszcza, niz kiedy
stosowano emulsje asfaltowa. Inny charakter przy-
biera zaleznos$¢ stabilnosci recyklowanej podbudowy
od ilosci asfaltu spienionego. Zanotowano istotng
zalezno$¢ — wzrost koncentracji asfaltu spienionego
do 2,5% powoduje wzrost stabilno$ci podbudowy,
a dalsze jego zwickszenie powoduje obnizenie
warto$ci badanej charakterystyki. Natomiast zasto-
sowanie emulsji asfaltowej powoduje, ze stabilno$¢
podbudowy maleje wraz ze zwigkszeniem koncen-
tracji lepiszcza.

Istotnym efektem badan jest stwierdzenie, ze
w zakresie stosowanych koncentracji lepiszcza asfal-
towego podbudowa z asfaltem spienionym charaktery-
zuje sie mniejszym odksztatceniem wg Marshalla od
podbudowy z emulsjg asfaltowa. Tym samym bedzie
ona bardziej odporna na deformacje plastyczne pod
wpltywem oddzialujacego na nawierzchni¢ obcigzenia
ruchem pojazdéw. Wiasciwosé te potwierdza rowniez
analiza sztywnosci wg Marshalla podbudowy z as-
faltem spienionym. Okreslone wartos$ci sztywnos$ci
wg Marshalla podbudowy z asfaltem spienionym
dla stosowanych w badaniach koncentracji wskazuja
jednoznacznie, ze zastosowanie tego rodzaju lepiszcza
asfaltowego pozwala uzyska¢ wigkszg odpornos¢ tego
rodzaju podbudowy na oddziatywanie ruchu pojazdow
niz kiedy w jej sktadzie stosowano emulsje asfaltowa.

Dla oceny odporno$ci na oddziatywanie wody oraz
mrozu mieszanek mineralnych z asfaltem spienionym
oraz kontrolnych mieszanek mineralno-cementowo-
emulsyjnych (M-C-E) przeznaczonych na warstwe
podbudowy w technologii recyklingu glebokiego
na zimno wykonano oznaczenia: wytrzymatos¢
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na posrednie rozcigganie po nasgczeniu woda,
wskaznik odpornosci na oddzialywanie wody TSR,
odporno$¢ na spekania niskotemperaturowe zgod-
nie z finskg normg PANK 4302 [6] oraz wskazniki
wytrzymatosci na posrednie rozcigganie po procesie
pielgegnacji w wodzie i mrozie, zgodnie z procedurami
amerykanskimi, wg metody AASHTO T283 [7, 8].

Wykonane badania pozwolity stwierdzi¢, ze podbu-
dowa wykonana w technologii recyklingu z asfaltem
spienionym, w badanym zakresie lepiszcza charak-
teryzuje si¢ wickszymi warto§ciami wskaznika TSR
niz kiedy stosowano emulsj¢ asfaltowa. Wartosci
wskaznika wzrastaja wraz z koncentracjg asfaltu
spienionego.

Kompleksowa ocen¢ odpornosci na oddziatywa-
nie wody 1 mrozu badanych podbudéw uzyskano na
podstawie oznaczen wg AASHTO T283. Podbudowa
z asfaltem spienionym okazata si¢ odporna na od-
dziatywanie wody, a podbudowa z emulsja asfaltowa
niestety nie spetniata tego kryterium, poniewaz jej
wskaznik wytrzymato$ci na rozcigganie posrednie
po pielegnacji w wodzie byl mniejszy od 70%, nie-
zaleznie od iloSci zastosowanej emulsji. Podbudowa
z emulsjg asfaltowa wykazata réwniez brak odporno-
sci na oddziatywanie wody 1 mrozu, gdyz wartosci
wskaznika wytrzymalo$ci na rozcigganie posrednie
byly mniejsze od wymaganej wartosci 70%. Nalezy
podkresli¢, ze przy maksymalnej koncentracji emul-
sji asfaltowej wynosit on tylko 65,1%. Natomiast za-
stosowanie w recyklowanej podbudowie co najmniej
2,5% asfaltu spienionego zapewnito jej odpornos¢ na
oddziatywanie wody i mrozu. Wraz ze wzrostem za-
wartosci asfaltu spienionego odporno$¢ podbudowy
na badane czynniki klimatyczne wzrasta.

Wykonane badania w zakresie oddzialywania wody
1 niskich temperatur na recyklowana podbudowe po-
zwalaja stwierdzié, ze zastosowanie w jej sktadzie
asfaltu spienionego pozwala zapewni¢ na wyzszym
poziomie jej odpornos¢ na te czynniki niszczace niz
zastosowanie emulsji asfaltowej. Mozna réwniez
wnioskowaé, ze kryterium odpornosci recyklowanej
podbudowy na oddziatywanie wody tylko na podsta-
wie wskaznika TSR jest niewystarczajace i nalezy je
rozszerzy¢ na przykltad o zaproponowang metodyke
AASHTO T283.

3. Whnioski

Na podstawie wykonanych badan laboratoryjnych
recyklowanej podbudowy z asfaltem spienionym
oraz emulsjg asfaltowg mozna sformutowac nastepu-
jace wnioski:
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. Do technologii spienienia mozna stosowac tylko
te asfalty, ktore charakteryzujg si¢ odpowiednimi
parametrami spienienia, do takich asfaltow mozna
zaliczy¢ np.: asfalt Nyfoam 80.

. Wraz ze zwigkszeniem koncentracji asfaltu
spienionego od 2,0% do 3,0% nastgpuje wzrost
wytrzymatosci na posrednie rozcigganie recyk-
lowanej podbudowy, natomiast stabilno$¢ uzysku-
je najwigkszg warto$¢ przy koncentracji 2,5%
lepiszcza, dalsze zwigkszenie jego zawartosci
powoduje spadek stabilno$ci recyklowanej pod-
budowy,

. Recyklowana podbudowa z asfaltem spienionym
przy jego zawarto$ci 2,5% charakteryzuje sie ko-
rzystniejszymi wilasciwosciami mechanicznymi,
wieksza stabilno$cig 1 sztywnos$cig wg Marshalla
niz w przypadku, kiedy zastosowano emulsje
asfaltowa.

. Zastosowanie asfaltu spienionego powoduje
wzrost wytrzymato$ci na posrednie rozcigganie
recyklowanej podbudowy w pordwnaniu z zas-
tosowaniem w jej sktadzie emulsji asfaltowej,
niezaleznie od koncentracji lepiszcza.

. Asfalt spieniony zapewnia odporno$¢ na
oddziatywanie wody i mrozu recyklowanej pod-

budowy na znacznie wyzszym poziomie niz sto-
sowanie emulsji asfaltowe;.

6. Kryterium odpornosci recyklowanej podbu-
dowy na oddziatywanie wody tylko na podstawie
wskaznika TSR jest niewystarczajace 1 nalezy je
rozszerzy¢ o zaproponowang metodyke AASHTO
T283.

7. Recyklowana podbudowa charakteryzuje si¢
wiekszym modulem statycznym petzania wtedy
kiedy w jej skladzie stosowano asfalt spieniony
niz gdy wykorzystano emulsje¢ asfaltowa.

8. Zastosowanie asfaltu spienionego podczas recyk-
lingu glebokiego na zimno powinno zapewnié
uzyskanie podbudowy o wyzszej odpornosci
na deformacje plastyczne, niz kiedy stosuje si¢
emulsje asfaltowsq.

Uzyskane pozytywne wyniki badan laborato-
ryjnych wskazuja na konieczno$¢ kontynuowania
dalszych prac w zakresie trwalos$ci recyklowanej
podbudowy z asfaltem spienionym. Nieodzowna
jest réwniez weryfikacja rezultatow badan laborato-
ryjnych w terenowych warunkach pracy tego rodza-
ju podbudowy. Pozwoli to na zgromadzenie bazy
danych umozliwiajacych wdrozenie tej technologii
do polskiego wykonawstwa.
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PROGRESSIVE METHODOLOGY FOR DETERMINATION
OF CONCRETE PLANTS PRODUCTIVITY

Abstract

The mathematical model for estimation of building machines productivity can have various forms of processing. When
choosing the appropriate one, it becomes the qualitative tool for making optimal decisions. In this article, a nomogram for
graphical determination of a concrete plant operational productivity is presented. It illustrates methods of its formation

and instruction for the usage.

Keywords: concrete plant, productivity, nomogram

1. Introduction

Pertinent information related to theoretical
productivity of machines is presented by their
producers. It should be calculated by the mathematical
formula. However, conscious and unconscious
mistakes and the biased information (related to
marketing of the products) may appear at some
point. Thus, the information about the theoretical
productivity of the machines may be — at some point
— somewhat misleading. More complex situation
emerges, when it comes to the estimation of the
building machines real productivity. That can be
significantly lower than their estimated theoretical
productivity. Unfortunately, the producers generally
tend not to reveal that kind of information. Therefore
it is significant, especially for building and designing
companies, to complete and verify the missing
information. This is often a very difficult task [1].

The aim of this research was to propose the form
of data processing regarding productivity of building
machines. This is helpful, since it delivers quick
and relatively correct technique. Thus one may
obtain information about technical productivity
and simultaneously be able to estimate operational
productivity (under specified conditions) during the
building process. The results of this investigation
led to design of the nomogram. This nomogram may
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be used for estimation of technical and operational
productivity of concrete plants. In order to compose
a particular model, detailed analysis of technical
and technological parameters of concrete plants was
necessary. This information is required by machines’
building companies and used as the input data. Many
factors having significant impact on operational
productivity were also considered in this analysis.

2. Mathematical modelling of building machines
productivity

Mathematical modelling of the productivity in
the process of building machines and machines
assemblies is one of the significant tools. It enables
to make the optimal decisions regarding projects
of machines assemblies and schedules in building
processes [3].

Generally one may state that: ‘building companies
do not want the formulas!’.

This does not necessarily implies, that building
companies reject mathematical modelling. They only
deny working with models.

Mathematical formulas are needed for preparation
of building processes and composition of machines
line-ups. They are also required for static calculations
and project’s documentation. They posses many
disadvantages too, e.g.:
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— ignorance or lack of a suitable mathematical
formula,

— incorrect measure units in substitution of some
parameters,

— mistakes regarding exact value,

— mistakes referring ‘mathematical symbol’,

— the necessity of a calculator or a computer
(calculation without aid is ineffective),

— the amount of ‘valid numbers’ in the final value
depends on the calculator and does not present an
exact value for obtained information,

— the analysis of model sensitivity in relation to
changes of entered parameters is expressed only
via mathematical aid and is often invisible,

— the practical interpretation of numerically expressed
data, which is obtained by calculation is missing.
The methods of data processing regarding

the following model are important for building

companies.

The mathematical model can be expressed in
various ways, e.g. in tabular or graphical form
(not only via mathematical way). These methods
provide information about the values of sensitivity
analysis considering parameters changes of entered
information. Furthermore, this model enables a
backward look at analysis of sensitivity values. When
applying this model it is possible to decide which
parameter values should be entered when using the
pre-determined values of productivity.

The mathematical model of operational productivity
of concrete plants and a new, progressive form of its
processing allows to eliminate the disadvantages of the
mathematical formulas. It became the qualitative tool
for making optimal decisions in various technological
processes. For example: during the projects of
machines assembly for production, transportation and
treating of fresh concrete.

3. Productivity of concrete plants

The real and operational productivity are still
lower than their theoretical productivity. The reason
for that is that theoretical productivity refers to both
fresh concrete and ideal operational conditions.

3.1. Real productivity of concrete plants

The operational productivity of concrete plants is
still lower than its estimated technical (theoretical)
productivity [2]. Real productivity of concrete
plants is calculated by multiplying the technical
productivity by correction variables.

Ve =V; ﬁki
i=l

where:

V, — operational productivity of a concrete plant,

m*h';

V. —theoretical productivity of a concrete plant, m*h'';

k, — i-th correction variable;

n —number of correction variables.

The operational productivity of a concrete plant
depends on its technical productivity and following
variables:

— variable of working productivity of a concrete
mixer (k) — presents standard conditions of a
manufacture process,

— variable of concrete mixer filling (k,,) — presents
measures for net (useful) capacity of a concrete
mixer,

— variable of operational time of a concrete plant
(k,,).

— variable (k, ) — presents the extension of the fresh
concrete mixing time, which is necessary in case of
adding some ingredients and mixtures to concrete.
Operational productivity of machines, is derived

from their technical productivity multiplied by (k).

which is the working productivity variable. This

variable varies from 0.7 to 0.85 in standard conditions
of a concrete plant.

The under-used full capacity of a concrete mixer
decreases its productivity during the mixing of
concrete components. On the other hand, overflow
a concrete mixer can affect its incomplete mixing.
Eventually, the devastation of fresh concrete or
damages in some parts of the mixer may occure as a
consquence.

The concrete production depends directly on its
sales. Fresh concrete is ready to use as soon as the
process of mixing begins. Therefore, it is not possible
to produce fresh concrete ‘in stock’. Batches of fresh
concrete mixture, which are placed under the mixer,
are able to partially counterbalance the unsteadiness
of concrete. Therefore, it is only possible to serve
continuous filling for transportation. But it is difficult
to store fresh concrete temporarily. The variable
of unsteadiness time of concrete required from
the concrete plant (k, ) varies from 1.4 to 2.2. For
example, the variable k= 2 means, that during the
8-hour shift, it has been required for concrete to flow
only 4 hours. For the next 4 hours, the concrete mixer
should have a downtime. In this case, concrete plants
produce and supply just a half of concrete capacity
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compared to its operational productivity. We can
also estimate an average time of concrete production
per shift during the calculation of concrete plants
operational productivity.

Nextaspectthat has a significant impact on production
is the addition of a different ingredient(s) into concrete.
Interaction between some ingredients is activated by
mixing. Therefore the producers recommend extending
the time of mixing in a concrete mixer from 30 to 120
seconds. That time depends on a type of the mixer and
the technical facilities. The mixing time consists of its
filling, mixing and discharge. For example, extension of
the mixing time from 30 to 120 seconds, prolongs then
the previous mixing time of a concrete mixer from 60
to 150 seconds. As a result, mixing centre productivity
changes at only 40% (k, = 0.4) as compared to the
previous production.

The real conditions of concrete production
(alongside with an impact of those factors that have a
significant impact on concrete plant real productivity),
are necessary to be considered in order to plan the
process of concrete production.

For building companies, it is desirable to determine
operational productivity of concrete plants in
particular condition. The reason is that the outage
and supplies of fresh concrete during the planning
and management of building construction concrete
process may cause serious problems or delays in the
schedule. Therefore, the nomogram is the suitable
tool for making optimal decisions.

4. Nomogram for determination of concrete plants
operational productivity

The procedure of determination of concrete plant
productivity includes five stages [4]. The presented
sequence is illustrated in a graphical version of
a mathematical model as the nomogram.

1. The net capacity of a concrete mixer is the basic
information needed for the calculation. Also, the
recommended concrete volume per one batch (2/3
of net capacity of a concrete mixer) is presented.
In case when one batch possesses capacity lower
than recommended, the following step should be
estimated, considering lower concrete volume. The
graphical model presents concrete volume per one
batch in m®. Typical sizes of concrete mixers that
are used are: 150, 375, 500, 750, 1000, 1125, 1500,
2000, 2500 and 3000 litres.

2. The time of each mixing cycle (filling, mixing, and
discharge of a concrete mixer) has a significant
impact on theoretical productivity of a concrete
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mixer. Smaller mixers have a minimal time of

60s per each cycle and 70s for bigger one. In

fact, concrete plants usually work with longer
production cycle. Certainly, the needed mixing
time can be extended due to a longer mixing time.

This is required when some additional mixtures are

added into fresh concrete. The cycle time varies

from 60 to 300s in the graphical model.

3. The operational productivity of a concrete mixer is
calculated by multiplying technical productivity of
a concrete mixer by variable of working productivity
(kpu). The value of working productivity variable
varies from 0.6 to 0.85. This is presented from 0.1 to
1.0 in the graphical model below.

4. The operational productivity of a concrete
mixer is usually not the same as the operational
productivity of a concrete plant. In fact, concrete is
not available for production ‘in stock’. The number
of hours necessary for concrete production during
one shift can be significantly lower than the length
of the shift. In the graph, the dependency function
is presented as 0, 1, 2, ..., 7 and 8 hours of concrete
production during one shift.

5. The final value represents an average operational
productivity of a concrete plant in m*h' and
operational productivity of a concrete plant per
one shift.

It is possible to estimate technical productivity of
a mixer from the nomogram. It depends on the net
capacity of a concrete mixer (or volume of concrete
mixture in one batch) and a particular time of'a concrete
mixer working cycle (compound from filling time,
mixing time and discharge time of a concrete mixer).
It is possible to estimate operational productivity of
a concrete mixer, following the expected value of
variables of working productivity. Considering an
expected time of concrete production per one shift
it is also possible to establish real productivity of a
concrete plant and average time.

The procedure regarding estimation of concrete
plant technical and real productivity is presented in
nomogram (Fig. 1). It can be seen that when the time
of mixing extends from 30s to 120s (some concrete
admixtures demand the minimum 2 min of mixing
time) the accurate mixing cycle time appears to be
150s. Moreover, during the relatively high value
variable and amount of hours of concrete production
per one shift, the final productivity of a concrete plant
does not reach the third of its value, which derives
from the technical productivity of a concrete plant.
That is taken from guidebooks.
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Fig. 1. The nomogram for estimation of operational productivity of a concrete plant

It is possible to use this nomogram “backwards” —
‘with backward procedure of obtaining values’. For
instance, we can establish what kind of a concrete
mixer is necessary for required daily concrete plant
productivity. This information is significant when
designing the production facilities (i.e. before the
plant is built).

Considering mathematical modelling, correct and
precise information is very important. The measure
of information accuracy (input or output), which is

processed in the model above, have to be known in
advance. It is also necessary to take into account the
usage purpose of this model.

In the presented nomogram, the correctness measure
of obtained information for lower capacity of concrete
mixers is relatively low. However, in this case, it
is acceptable to obtain approximate values (in case
when we need the exact value, it would be possible
to estimate particular values using a calculator and
following simple calculation procedures from the
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nomogram. Values from the graph can be used as
a “guard” of correctness for the values substitution in
particular units). At last, the nomogram provides clear
information about crucial factors and their significant
impact on operational productivity of a concrete plant.
That fact can accelerate and improve the decision
process when objective information is needed.

5. Conclusions

It is possible to eliminate the risk during the process
of realisation by correct estimation of operational
productivity of machine assemblies. Accuracy and
precision in provided information about concrete
plants are one of the problems that many building
companies encounter during the concrete process and
realization of monolithic constructions. New material
and new technologies often pose higher demands
when it comes to the quality of fresh concrete
mixture. They might have the negative impact on the
mixing time. Nevertheless, this is just one of the many

Renata Baskova
Ryszard Dachowski

factors that have a significant impact on operational
productivity of a concrete plant. There are many other
factors that have to be taken into consideration such
as unsteadiness, requirements for concrete during the
working shift, etc.

References

[1] BaskovaR. (2008): Realizacia betonovych konstrukcii.
1. vydanie. Martin: BELMAS GROUP. ISBN 978-80-
969877-4-0, 272 stran.

[2] Firemna literatura, prospekty a www stranky firiem:
Holcim (Slovensko) a.s., KRANIMEX, s.ro.,
LIEBHERR LADCE Beton, s.r.o., MERKO CZ, a.s.,
MERKO SK, a.s., SCHWING Stetter, Transunit, S.r.0.

[3] Juric¢ekI.akol.(2005): Konstrukcie budovzmonolitického
betonu. Bratislava: Eurostav.

[4] Baskova R. (2007): Casové rizikd vyroby cerstvého
betonu (Timing risks of fresh concrete producing) In.
5% International Conference TECHSTA 2007 19-20,
Prague: CVUT v Praze, ISBN 978-80-01-03880-2,
s. 61, CD,s. 207-213.

Deterministyczna metodologia
okreslania wydajnosci betonowni

1. Wprowadzenie

Celem niniejszych badan jest propozycja sposo-
bu okreslania wydajnosci maszyn budowlanych, co
w rezultacie pozwoli na szybkie i relatywnie bardzo
doktadne uzyskanie informacji nie tylko o wydajnosci
technicznej, ale i gtéwnie oszacowanie wartosci wy-
dajnosci eksploatacyjnej maszyn w poszczegdlnych
warunkach produkcji budowlanej. Jednym z wynikow
badan czgsciowych przedtozonego projektu jest nomo-
gram dla okreslenia technicznej i eksploatacyjnej wy-
dajnosci betonowni.

Matematyczne modelowanie wydajnosci maszyn
budowlanych i montazowych stanowi jedno ze zna-
czacych narzedzi utatwiajacych podejmowanie opty-
malnych decyzji podczas projektowania maszyn bu-
dowlanych i planu realizacji procesu budowlanego.

Uktad modelu matematycznego wydajnosci eksplo-
atacyjnej dla betonowni i nowy progresywny sposob
sterowania nim, eliminujagcy wady stosowania wzo-
row matematycznych, moze sta¢ si¢ jakoSciowym
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narzedziem dla procesu podejmowania optymalnych
decyzji podczas projektowania maszyn do produkcji
1 transportu §wiezej mieszanki betonowe;j.

2. Zakres i metodyka badan

Procedura obliczania wydajno$ci betonowni zosta-
ta podzielona na pi¢¢ etapow. Przedstawiona sekwen-
cja zostala rowniez przedtozona w wersji graficznej
modelu matematycznego do formy nomogramu.

1. Podstawowa wielkos¢, ktora jest niezbedna dla
kompletnych obliczen, to objetos¢ uzyteczna be-
toniarki. Zalecana obj¢tos¢ betonu dla jednej
porcji wynosi 2/3 objetosci uzytecznej betoniar-
ki. W przypadku gdy jedna porcja jest mniejsza
niz zalecana objetosé, kolejny etap jest liczony
z prezentowang nizszg objetoscia betonu. Objetosé
betonu na jedng porcje w m® jest przedstawiona
w modelu graficznym. Uzyte sg typowe rozmiary
betoniarek: 150, 375, 500, 750, 1000, 1125, 1500,
2000, 2500 i 3000 litrow.
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2. Czas cyklu mieszania (napelnianie, mieszanie,
oproznianie betoniarki) ma znaczacy wpltyw na
wydajnos¢ techniczng betoniarki. Mniejsze beto-
niarki betonowni posiadajg minimalny czas jedne-
go cyklu 60 s, wicksze betoniarki 70 s. Jednakze,
betonownie zwykle pracujg z dhluzszym czasem
cyklu mieszania. Potrzebny czas mieszania moze
by¢ wydluzony poprzez wymagany dtuzszy czas
mieszania przy uzyciu niektérych domieszek do
swiezej mieszanki. Czas cyklu waha si¢ od 60 do
300 s dla tego modelu graficznego.

3. Wydajnos¢ eksploatacyjna betoniarki jest oblicza-
na przez pomnozenie wydajnosci technicznej be-
toniarki przez zmienng wydajnosci (kpu). Wartos¢
zmiennej wydajnosci waha si¢ od 0,6 do 0,85. Na
modelu graficznym wartos¢ kpu jest przedstawiona
od 0,1 do 1,0.

4. Wydajno$¢ eksploatacyjna betoniarki nie musi si¢
rowna¢ wydajnosci eksploatacyjnej betonowni.
Mieszanka betonowa cyklicznie produkowana jest
w betonowni i fakt, ze nie moze by¢ ona sktado-
wana ,,na zapas” oznacza, ze i1lo$¢ roboczogodzin
produkcji mieszanki podczas jednej zmiany moze
by¢ znaczaco nizsza niz dtugos¢ zmiany robocze;j.

Na wykresie, zalezno$¢ jest przedstawiona przez
funkcje dla 0, 1, 2, ..., 7 1 8 godzin produkcji mie-
szanki betonowej podczas jednej zmiany.

5. Powstata w procesie wartos¢ jest srednig wydajno-
Scig eksploatacyjng betonowni w m*h'! i wydaj-
noscig eksploatacyjng betonowni przypadajaca na
jedna zmiane.

3. Podsumowanie

Eliminacja ryzyka w procesach realizacji jest mozli-
wa dzigki poprawnemu oszacowaniu wydajnosci eks-
ploatacyjnej maszyn budowlanych i przez rozwazenie
ich w planie procesu budowlanego. Konieczno$¢ uzy-
skiwania danych o wydajnosci betonowni jest jednym
z problemoéw, ktore firmy budowlane napotykaja pod-
czas planowania betonowania i realizacji konstrukcji
monolitycznych. Uzycie nowych materiatow i nowych
technologii do produkcji i pielegnacji Swiezej mie-
szanki betonowej stawia czegsto wysokie wymagania
w stosunku do jakosci mieszanki betonowej, co moze
mie¢ zty wplyw na potrzebny czas mieszania w beto-
niarce. To tylko jeden z czynnikow, ktore maja zna-
czacy wpltyw na wydajno$¢ eksploatacyjng betonowni.
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THE IMPACT OF AGING ON WATER AND FROST
RESISTANCE OF ASPHALT CONCRETE
WITH LOW - TEMPERATURE BITUMEN

Abstract

The application of low — viscosity (low —temperature) bitumen in asphalt concrete results in an improvement of its mechanical
properties (Marshall stability and deformation, static creep modulus and indirect tensile strength). The tests conducted with
the procedures LTOA (long term aging) and STOA (short term aging) according to SHRP methodology prove that use of
low — temperature bitumen results in slowing down the aging process of asphalt concrete. The dynamics of this process is
slower than in case of traditional bitumen. The measurements of water and frost resistance (according to AASHTO T283)
of asphalt concrete and of its resistance to low — temperature cracking (according to PANK 4303) have showed that the use
of low — temperature bitumen results in higher resistance to weathering than that of the road bitumen 35/50 as a binder.

The paper was presented at the International Conference on Maintenance and Rehabilitation of Pavements and

Technological Control in Torino, Italy.

Keywords: asphalt concrete, low viscosity bitumen, asphalt weather resistance, LTOA, STOA, AASHTO T283, PANK 4303

1. Introduction

Asphalt pavements are subject to various defects.
They are the results of the combined impact of
traffic and weather factors. This impact causes the
constant changes in stress, deformations, temperature
and humidity. Bitumen and asphalt concrete are
thermoplastic materials. Temperature causes changes
in their consistency. High temperature leads to lower
viscosity, cohesion and adhesion. When temperature
falls the binder and asphalt concrete become stiffer.
The materials become breakable and prone to cracking
as a result of contraction in low temperatures. The
efficiency of mixes produced in ,hot” technology
depends on many factors. Some of them are: the
interaction between durability of the mixes due to
the effects of traffic and weather resistance (water
and frost). The mixes made from best materials and
modern technology will not perform well if they are
subject to water and frost. Therefore the water and
frost resistance tests are important factors in design of
the composition of an asphalt concrete.

Asphalt concrete should also meet other functionality
criteria, such as: fatigue crack, thermal crack, hydraulic
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conductivity and workability during disintegration
and compaction processes. To obtain asphalt concrete
which is resistant to the formation of ruts the amount
of bitumen needs to be reduced. But then the number
of created voids is higher and the energy consumption
increases. Maintaining this relation reduces, however,
the resistance of the mix to cracking and reduces water
and frost resistance. The lack of durability to water and
frost is caused by two factors: an excessive number
of voids and the insufficient amount of the plastic
mass. The aging process needs to be considered too.
Regardless of the kind of mix it has an impact in the
production and operation processes. Limiting the aging
process requires the reduction in the void fraction and
thicker coating. Therefore the compromise between the
mineralogical composition and the amount of bitumen
should be found.

One of the ways of solving these problems is the
use of low — viscosity bitumen. Other components
which lower viscosity in higher temperatures have
been added. They are aliphatic hydrocarbons of long
chains. Bitumen of this kind has higher softening
point and lower viscosity at 25°C [4].
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The significant number of fractured grains and
limited amount of plastic mortar form the mix which is
difficult to compact. The mixes with low compaction
temperature have lower internal friction. Thus,
there is a reduction in the compaction resistance at
temperatures of 20°C. When the aging processes are
considered and temperature induced intensification
of the first stage is reduced, it’s possible to produce
mixes of proper water and frost resistance and low
susceptibility to changes in the againg process.

2. Tests on low - viscosity bitumen

The Olexobit 30 NV bitumen was used to determine
the impact of aging on water and frost resistance of
asphalt concrete. The traditional 35/50 bitumen from
Petrochemia Ptock (Poland) was used as reference.
The basic properties of the bitumen undergoing the
tests have been presented in Table 1.

Table 1. The basic properties of the bitumen used in the tests

. | Olexobit| 35/50
No. Property Unit 30NV | btumen Test methodology
1. | Penetration at 25°C| 0.1 mm 33 44 | PN-EN 1426:2001
7, |SEIETTEEET] oc | 655 | 550 |PN-EN1427:2001
according to PiK
3. | Elastic recovery % 60 10 | PN-ENISO 13398:2005
4. | Ductility at 15°C cm 79 - | PN-85/C04132
5. | Breaking point °C -15.0 | -14.0 | PN-EN 12693:2004
Change of mass 9
6. | after evaporation ( decr;ase) 0.38 0.51 | PN-EN 126071:2004
in a thin film
Increase in
7 softening point after oc 6 4 PN-EN 12607-1:2004
" | evaporation in PN-EN 1427:2001
a thin film
Change of
g, |Penetrationafter | 4|6 | 9 | PN-EN 12607-1:2004
evaporation
in a thin film
Elastic recovery
9. | after evaporation % 55 - | PN-ENISO 13398:2005
in a thin film

The analysis of the above test results proves that the
parameters of the low — viscosity bitumen are better
than those of the 35/50 bitumen. The penetration value
of Olexobit 30 NV is 50% lower and its softening
point 10°C higher than the 35/50 bitumen. A significant
elastic recovery is an additional advantage of the low
— viscosity bitumen, while the value of the elastic
recovery in case of the traditional bitumen is very low.

It needs to be emphasised that during the tests on
Olexobit30 NV almost no emissions of volatile bitumen
components were detected, while such emissions were

observed during the measurements conducted on the
35/50 bitumen [Iwanski, Mazurek 2008].

3. Design of the asphalt concrete composition

In order to determine water and frost resistance of
asphalt concrete the tests were performed on asphalt
concrete whose grading was 0/12.8 mm, which is
used to produce the wearing coarse of the road surface
loaded with KRS type traffic. Such asphalt concrete
is used in Poland for national and transit roads. An
assessment of the impact of the kind of mineral
aggregate on the properties of the asphalt concrete
produced with the mentioned bitumen was also
an important element of the tests. Asphalt concrete
with the main diabase aggregate (BA-D), quarzite
aggregate (BA-K) and gabbro aggregate (BA-G) was
designed. A dolomite mix 0/4 and granite fractured
sand was used to increase the fine fraction content.
The composition of the mineral mixes of the tested
asphalt concrete has been presented in Table 2.

Table 2. The composition of the asphalt concrete mineral mixes

No BA-G BA-K BA-D
' Components | MMA | Components | MMA | Components | MMA
1 Limestone 6.0 Limestone 6.0 Limestone 6.0
powder powder powder
Granite Granite Granite fractured
e fractured Sand el fractured sand el sand Gl
Dolomite Dolomite —
3. mix 0/ 26.0 mix 0/4 24.0 |Dolomite mix 0/4 | 23.0
4. |Gabbro 2/5 11.0 |Quarzite 2/6.3 | 18.0 |Diabase 2/6.3 23.0
5. |Gabbro 5/8 13.0 |Quarzite 6.3/10 | 33.0 |Diabase 6.3/10 24.0
6. |Gabbro 8/11 26.0 - - - -
Total| 100% Total| 100% Total| 100%

To ensure the required adhesion between bitumen
and aggregate grains of the mineral mix an adhesive
agent Teramin 14 was used. Its amount was of 0.2%
in relation to bitumen for the tested asphalt concrete
with gabbro and diabase chippings. The amount
of the adhesive agent for asphalt concrete with
quarzite chippings was higher. It equalled to 0.4%.
The determination of the required amount of bitumen,
was based on the strength measurements (according
to Marshall method). Asphalt concrete produced with
the traditional bitumen was compacted at 145°C. The
asphalt concrete with the low — viscosity bitumen at
125°C [Iwanski, Mazurek 2008].

The mineral mixes of asphalt concrete with gabbro,
quarzite and diabase aggregate were designed in such a
way that the void fraction contents for different kinds of
bitumen, but the same kind of chippings, were similar.
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It enables to properly assess and compare the test
results of the analysed asphalt concrete. A statistical
analysis of the void fraction content of samples with
the traditional bitumen and low — viscosity bitumen
was done. The hypothesis of the identity of mean
values of the void fraction content was verified. The
results of the analysis are presented in Table 3.

Table 3. Test results of identity of void fraction content’s
mean values

BA-K[Z,0] BA-D[Z,0] BA-G[Z,0]
Total variance | 0.040508333 0.046136667 0.063373333
Observations | 6 6 6
Df 10 10 10
t Stat 2.165778992 -1.854664488 1.90355
Testt 2228138842 2.228138842 2.228138842

The t-values are within the acceptable range. They
do not contradict the hypothesis stating, that the void
fraction contents are equal.

To have similar values of the void fraction content
in the samples of asphalt concrete and low — viscosity
bitumen, it was necessary to decrease the amount of
bitumen. In the samples with the traditional bitumen
of 0.2% at most for mixes with quarzite aggregate
(from 5.5% to 5.3%) and diabase aggregate (from
5.4% to 5.2%). The content of bitumen in mixes with
gabbro aggregate remained at the level of 5.2%.

4. Methodology and analysis of the results

The measurements were taken only for samples
whose void fraction content ranged between V — 2s;
V + 2s), where: V — is a mean void fraction content
value in asphalt concrete, s — standard deviation. On
this basis the identity of mean void fraction content
values of the samples were assessed.

Based on strength tests in different temperature
ranges it was determined that the samples with the low
— viscosity bitumen would undergo short — term aging
at 125°C. While asphalt concrete with the traditional
bitumen would undergo long — temperature aging
(LTOA) according to the SHRP method at 145°C.
Asphalt concrete, in which the traditional 35/50 bitumen
was used, was denoted with a letter Z e.g. BA-Z
(similarly, concrete produced with the Olexobit 30 NV
bitumen was designated with a letter O e.g. BA-O).

The tests were carried out to determine the basic
physical and chemical parameters of the investigated
kinds of asphalt concrete. These measurements were
conducted for non — aged samples (NS) produced with
the 35/50 bitumen and Olexobit 30 NV bitumen to find
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out the basic physical and mechanical parameters.
The test results are presented in Figure 1 and 2.

S[KN] OBA-0
16

1 mBAZ
12

10
8

D o

Fig. 1. Marshall stability and void fraction content in
asphalt concrete for different kinds of binder

S/e[kN/mm] OBA-O
45
OBA-Z
4
35 ]
3
2,5
2
K G D

Fig. 2. Static creep modulus and Marshall stiffness of
asphalt concrete for different kinds of binder

The test results of non — aged samples of Marshall
stability and static creep modulus prove that the
mechanical properties of asphalt concrete with low
— viscosity bitumen as binder are more advantageous
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than that of traditional bitumen. Such asphalt
concrete is more resistant to permanent deformations.
The use of the low — viscosity bitumen resulted in
significant increase in stability of asphalt concrete.
A considerable difference between static modulus and
Marshall stiffness of asphalt concrete with diabase
chippings is the increased void fraction content.

In the graphs presenting changes of the physical
and mechanical parameters under the aging process,
asphalt concrete with the traditional 35/50 bitumen
was denoted with the letter Z e.g. BA-DZ (asphalt
concrete with diabase aggregate and the 35/50
bitumen) and with the letter O e.g. BA-DO when the
Olexobit 30 NV bitumen was used.

The analysis of the results of stability changes of
diabase, quarzite and gabbro asphalt concrete after
the aging process and changes of its parameters are
presented in Figure 3.

Fig. 3. The impact of aging on the stability change of
asphalt concrete

During the short and long term aging an increase in
stability of asphalt concrete is observed (regardless of the
kind of bitumen and aggregate). However, the increase
in stability of asphalt concrete produced from the low
— viscosity bitumen during the aging process (STOA/
NS, LTOA/NS and LTOA/STOA) occurs more slowly
than in case of the traditional bitumen. The increase in
stability of asphalt concrete with the low — viscosity
bitumen (regardless of the aging stage) is between
ca. 10 — 15% of the stability increase as compared to
asphalt concrete produced from the traditional bitumen.
Consequently, during the aging process asphalt concrete
with the low — viscosity bitumen becomes less stiff than
in the case of the application of the traditional bitumen.
Such asphalt concrete is more durable and resistant to
the effects of weathering and traffic. The parameters of
changes of the static creep modulus after aging WKM
are presented in Figure 4.

GABBRO

130 OBA-GO
1,25 mBA-GZ
1,20
1,15
1,10
1,05
1,00

STOA/NS LTOA/NS LTOA/STOA

DIABASE
1,30
OBA-DO

1,25 EBA-DZ
1,20
1,15
1,10
1,05
1,00

STOA/NS  LTOA/NS LTOA/STOA

Fig. 4. The impact of aging on changes of the static creep
modulus of asphalt concrete
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The tests of static creep were done to verify the
test results from Marshall method. The static creep
modulus is determined at the temperature of 40°C
under loading of 0,1 MPa for 2, 3, 5, 10, 15, 20,
30, 40, 50, 60 min with the 0.0001 mm/mm reading
resolution of the deformation. From the results the
following parameters are determined:

— deformation ¢ from the formulae:

& =Ah/h[mm/mm] (nH

max

where: Ah = the difference between the initial height
and the height after the loading period, and /4 = the
initial height:
— the static creep modulus from the formulae
(measurement error up to 0.1 MPa)

M=o /¢ 2)

where: J, = compressive stress, which equalls 0.1
MPa; and ¢ = deformation after 1 4 of loading.

Changes of static creep of asphalt concrete after
aging (with regard to the kind of bitumen and
aggregate) are similar to the results of Marshall
stability after aging. However, the dynamics of the
changes of the static creep of asphalt concrete with
the low — viscosity bitumen is lower than in the case
when the stability change of asphalt concrete after
aging was tested. During the STOA and LTOA aging
the static creep of asphalt concrete with the Olexobit
30 NV bitumen was at most 10% lower (when the
quarzite aggregate was used) than the static creep of
asphalt concrete with the 35/50 bitumen.

The intensity of changes of the static creep of
asphalt concrete with both the low — viscosity and
traditional bitumen during the STOA and LTOA
aging (STOA/LTOA) is similar. It implies that the
rate of change of static creep modulus of asphalt
concrete does not depend on the kind of bitumen.

From the analyses of test results after aging we
may state that the aggregate used in its production
has a significant impact on its mechanical properties.
Quarzite aggregate is least suited, especially when
the traditional 35/50 bitumen is applied. In this case
the stability and static creep change is highest as
compared to diabase and garbo aggregate.

To assess resistance to water and frost the tests
were performed to determine:

- indirect tensile strength before and after curing
cycles, simulating weathering on roads according
to the American procedures — the AASHTO T283
method. Its detailed description can be found in [2].

28

Indirect tensile strength after curing, simulating
the impact of temperatures below 0°C, according to
the PANK 4302 standard is described in [2] and [5].

Anassessmentofaging on water and frostresistance
was also made. The tests were focused only on the
the short — term aging due to its significant influence
on mechanical properties. The results are presented
in Table 4.

Table 4. The impact of aging on water and frost resistance
of asphalt concrete

The The kind of asphalt concrete
kind of BA-D BA-G BA-K
aging | Z 0 z 0 Z 0

Indirect tensile NS 40 | 39 | 3.7 | 32 | 41 3.9
strengthat-2°C | STOA | 45 | 43 | 40 | 35 | 45 | 4.2

according to

PANK 4302 [MPa]
2. Indirect tensile strength ratio at 20°C according to AASHTO T283 [%)
After curing in NS |76.1]799 (780|819 774|792
2a. | waterandfrost | STOA | 74.1 | 76.2 | 749 | 786 | 73.8 | 76.1
Wi LTOA | 705 | 754 | 715 | 76.4 | 67.9 | 75.2

Property of

No.
asphalt concrete

LTOA | 46 | 45 | 42 | 37 | 47 | 44

There is a significant impact of the aging on water
resistance and combined water and frost resistance as
well as resistance to low — temperature cracking. The
aging has the worst effect in case of asphalt concrete
with quarzite aggregate. In this case the binder was
the 35/50 bitumen with the adhesive agent. Indirect
tensile strength after aging (according to PANK
4302) at 2°C was 4.7 MPa (i.e. close to the critical
value of 4.8 MPa). Aging, especially short — term
aging, did not cause excessive stiffening in the case
of asphalt concrete with the low — viscosity bitumen.
Consequently, if the road surface is made from asphalt
concrete with quarzite aggregate it can experience low
—temperature cracking during winter. However, this is
much more likely to happen for asphalt concrete with
the traditional bitumen. The aging process has also
an unfavourable impact on water and frost resistance
according to AASHTO T283 methododology. The
indirect tensile strength ratios after aging of asphalt
concrete produced from quarzite, diabase and gabbro
aggregate with the 35/50 bitumen were below 75%.
That is the limiting value of proper water and frost
resistance. In the case of asphalt concrete produced
from quarzite aggregate and the 35/50 bitumen, it
lost its resistance in low temperatures as a result of
aging (the ratio was below the critical value of 70%).
The indirect tensile strength ratios after aging process
according to AASHTO and indirect tensile strength
according to PANK are presented in Figure 5.
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Fig. 5. Indirect tensile strength after long — term aging
at 2°C and the ratios of indirect tensile strength of cured
samples of asphalt concrete after long — term aging

Asphalt concrete with the low — viscosity asphalt
remains elastic despite the destructive impact of
aging on water and frost resistance. It may be also
much more durable. In spite of aging it is still
resistant to the effects of temperatures below 0°C.

The values of the indirect tensile strength ratios
of asphalt concrete with low — viscosity asphalt and
diabase and quarzite aggregate are similar. It can be
explained by a significant void fraction content in
asphalt concrete with diabase aggregate.

Based on the tests of the impact of aging on water
and frost resistance of asphalt concrete with the
low — viscosity bitumen, it can be concluded that
this kind of bitumen limits the effects of aging due
to the reduced stiffening of the mastix. Thus its
significantly improving water and frost resistance of
asphalt concrete.

5. Conclusions

From the analysis of the test results the following
conclusions can be drawn:

1. Low-viscosity bitumen is suitable for production
of asphalt concrete.

2. Low — viscosity bitumen has higher softening
point and lower penetration than the traditional
bitumen.

3. Asphalt concrete with the low — viscosity bitumen
is characterised by better mechanical properties

such as: stability, static creep and indirect tensile
strength, and less considerable changes after
aging.

4. The use of the low — viscosity bitumen slowed
down and reduced the consequences of aging of
asphalt concrete.

5. This has a significant impact on maintaining its
physical and mechanical properties at the required
level during the operation period.

6. Low — viscosity bitumen maintains the water and
frost resistance and resistance to low temperature
cracking of asphalt concrete.

7. The use of Olexobit 30 NW bitumen enables to
lower the required compaction temperature of
asphalt concrete of about 15-20°C.

8. Its physical and mechanical properites are at the
required level; the resistance to weathering is also
ensured.
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Wplyw starzenia na wodo- i mrozoodpornos¢ betonu
asfaltowego z asfaltem niskotemperaturowym

1. Wprowadzenie

Jednym ze sposobOw rozwigzania problemow
optymalizacyjnych w zakresie technologicznym
i ekologicznym produkcji betonu asfaltowego, jak
réwniez innych rodzajow mieszanek mineralno-asfal-
towych wytwarzanych ,,na gorgco” jest zastosowanie
podczas ich produkcji asfaltow niskowiskozowych.
Sktad ramowy tych asfaltow zostal wzbogacony
o sktadniki (parafiny twardokrystaliczne) obnizajace
lepko$¢ w wyzszych temperaturach, ktorymi sg we-
glowodory alifatyczne o dlugich tancuchach. Ponadto
tego rodzaju asfalty charakteryzuja si¢ znacznie wyz-
szg temperaturg migknienia oraz obnizong lepkoscia
w temperaturze 25°C w poréwnaniu z tradycyjnymi
asfaltami ponaftowymi [Nowosci Zagranicznej Tech-
niki Drogowej 2007].

Z uwagi na zastosowanie duzej ilosci ziarn tama-
nych oraz normowych ograniczen ilo$ci plastycznej
zaprawy uzyskuje si¢ mieszanki mineralno-asfal-
towe coraz trudniejsze w zaggszczaniu. Mieszanki
o niskiej temperaturze zaggszczania znacznie obnizajg
tarcie wewnatrz mieszanki zmniejszajac opor zagesz-
czania w temperaturach o okoto 20°C nizszych niz
w sytuacji, gdy jako lepiszcze zastosowano asfalty
zwykte. Dodatkowo uwzgledniajac etapy starzenia
wg programu SHRP oraz redukujac temperaturowa
intensyfikacje etapu pierwszego mozna uzyskac¢ mie-
szanki o stosunkowo dobrych wynikach odpornosci
na dziatanie wody i mrozu przy niskiej wrazliwosci
na zmiany w procesie starzenia.

2. Badania asfaltu niskowiskozowego

W badaniach wptywu starzenia na wodo- i mrozood-
pornos¢ betonu asfaltowego zastosowano asfalt Ole-
xobit 30 NV (NV — niskowiskozowy) czyli o niskiej
lepko$ci nazywany rowniez asfaltem niskowiskozo-
wym oraz w celach kontrolnych asfalt zwykty 35/50
pochodzacy z petrochemii w Ptocku (Polska).

Analiza wynikow badan pozwala stwierdzié, ze as-
falt niskotemperaturowy charakteryzuje si¢ korzyst-
niejszymi parametrami w porownaniu z asfaltem
35/50. Posiada on mniejsza o potowe penetracje przy
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jednoczes$nie wigkszej o 10°C temperaturze migknie-
nia w poréwnaniu z asfaltem 35/50. Dodatkowsg jego
zaleta jest duzy nawrét sprezysty, przy prawie braku tej
wiasciwosci asfaltu tradycyjnego.

Nalezy rowniez zaznaczy¢, ze podczas wykonywa-
nych badan asfaltu Olexobit 30NW nie odczuwano
prawie wcale emisji lotnych zwiazkéw asfaltu, nato-
miast podczas prac z asfaltem 35/50 emisja lotnych
zwiazkow asfaltu byta bardzo duza [Iwanski, Mazu-
rek 2008].

3. Projekt betonu asfaltowego

W celu oceny odpornosci betonu asfaltowego na
dzialanie wody i mrozu w aspekcie zastosowanego
asfaltu badania wykonano na betonie asfaltowym
0 uziarnieniu 0/11 mm przeznaczonym na warstwe
scieralng nawierzchni obcigzonej ruchem. Istotnym
elementem badan byta réwniez ocena wptywu rodzaju
mineralogicznego kruszywa na wlasciwosci betonu as-
faltowego ze stosowanymi w badaniach asfaltami. Za-
projektowano beton asfaltowy z kruszywem gtéwnym
diabazowym (BA-D), kwarcytowym (BA-K) oraz
z kruszywem gabro (BA-G). Jako kruszywo doziar-
niajace zastosowano mieszanke dolomitowa 0/4 oraz
piasek tamany granitowy.

W celu zapewnienia wymaganej adhezji pomie-
dzy asfaltem a ziarnami kruszywa mieszanki mi-
neralnej zastosowano dodatek $rodka adhezyjnego
Teramin 14 w stosunku do asfaltu w ilosci 0,2% dla
badanych betondéw asfaltowych z grysem gabro oraz
diabazowym. Natomiast dla betondéw asfaltowych
z grysem kwarcytowym ilo§¢ $rodka adhezyjnego
ustalono na poziomie 0,4%. Wymagang ilo$¢ asfaltu
w zaprojektowanych betonach asfaltowych okreslo-
no na podstawie badan wytrzymatosciowych Mar-
shalla. Nalezy doda¢, iz beton asfaltowy z asfaltem
zwyktym zageszczano w temperaturze 145°C, nato-
miast beton asfaltowy z asfaltem niskowiskozowym
w temperaturze 125°C [Iwanski, Mazurek 2008].

Mieszanki mineralne betonu asfaltowego z kruszy-
wem gabro, kwarcytowym, diabazowym zaprojek-
towano tak, aby zawartoSci wolnych przestrzeni
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w badanych betonach asfaltowych z r6znymi rodzaja-
mi asfaltéw i tym samym rodzajem grysu byty zblizone
do siebie. Umozliwi to dokonanie prawidlowej oceny
1 porownywanie wynikow badan wykonanych be-
tondw asfaltowych. W tym celu poddano krotkiej
analizie statystycznej wyniki zawartosci wolnych
przestrzeni probek z asfaltem zwyktym i1 niskowisko-
zowym. Sprawdzono hipoteze o roéwnosci Srednich
zawartos$ci wolnych przestrzeni.

Stwierdzono, ze warto$¢ statystyki miesci si¢
w obszarze dopuszczalnym, zatem uzyskane wartosci
nie przeczg hipotezie, ze zawartosci wolnych prze-
strzeni sg istotnie rowne.

Aby doprowadzi¢ zawarto§¢ wolnych przestrzeni
w probkach betonu asfaltowego z asfaltem nisko-
wiskozowym wymagane bylo obnizenie ilo$ci as-
faltu w stosunku do préobek z asfaltem zwyklym
o maksymalnie 0,2% dla mieszanek z grysem kwar-
cytowym (z poziomu 5,5% do 5,3%) i diabazowym
(z poziomu 5,4% do 5,2%). Natomiast w mieszan-
kach z grysem gabro pozostawiono warto$¢ asfaltu
na poziomie 5,2%.

4. Metodyka oraz analiza rezultatow badan

Beton asfaltowy z asfaltem niskowiskozowym cha-
rakteryzuje si¢ tym, ze proces starzenia, szczegélnie
krotkoterminowego STOA, nie wywotuje nadmierne-
go jego usztywnienia tak jak w przypadku gdy jako
lepiszcze zastosowano zwykly asfalt drogowy. Row-
niez bardzo niekorzystnie proces starzenia wptywa
na odporno$¢ betonu asfaltowego na oddziatywanie
wody 1 mrozu oceniang zgodnie z AASHTO T283.
Wskaznik wytrzymatosci na posrednie rozcigganie po
procesie starzenia betonow asfaltowych wykonanych
z kruszyw kwarcytowych, diabazowych i gabro, ma-
jacymi w sktadzie asfalt 35/50 osiggnety wartosci
mniejsze niz 75% ktora odpowiada dobrej odpornosci
na dziatanie wody 1 mrozu. W przypadku betonu as-
faltowego z kruszywem kwarcytowym i asfaltem dro-
gowym 35/50 nalezy zauwazy¢, iz utracit w wyniku

starzenia odpornos¢ na oddziatywanie niskich tempe-
ratur z uwagi na warto§¢ wskaznika ponizej krytycz-
nego poziomu 70%. Natomiast w przypadku betonow
asfaltowych w sktad ktorych wchodzit asfalt niskowi-
skozowy pomimo destrukcyjnego wplywu starzenia
na wodo- i mrozoodporno$¢ nadal zachowuja one re-
zerwe elastycznos$ci i bedg znacznie trwalsze. Pomimo
procesu starzenia sg one w dalszym ciggu odporne na
oddzialywanie ujemnych temperatur. Nalezy zwrdcic¢
uwage iz wartosci wskaznika wytrzymatosci na roz-
cigganie posrednie w betonach asfaltowych z asfaltem
niskowiskozowym z kruszywem diabazu i kwarcytu sa
zblizone. Na fakt ten moze mie¢ wptyw stosunkowo
duza zawarto$¢ wolnych przestrzeni w betonie asfalto-
wym z kruszywem diabazowym.

Podsumowujac wykonane badania wptywu procesu
starzenia betonu asfaltowego na oddziatywanie wody
oraz mrozu z asfaltem niskowiskozowym mozna
stwierdzi¢, ze tego rodzaju asfalt ogranicza skutki sta-
rzenia, poprzez zmniejszenie usztywnienia mastyksu,
poprawiajac przy tym znacznie wodo- i mrozoodpor-
no$¢ betonu asfaltowego.

5. Wnioski

Dokonujac analizy wynikow wykonanych badan
mozna stwierdzi¢, ze zastosowanie asfaltu nisko-
temperaturowego w betonie asfaltowym wptywa ko-
rzystnie na zmiany jego parametrow mechanicznych
w porownaniu ze stosowaniem asfaltu zwyklego.
Asfalt niskotemperaturowy powoduje zwolnienie
tempem starzenia temperaturowego (LTOA i STOA)
betonu asfaltowego. Dynamika procesu starzenia jest
znacznie mniejsza z tym rodzajem asfaltu, niz gdy
stosowano asfalt zwykty 35/50. Beton asfaltowy z as-
faltem niskotemperaturowym charakteryzuje si¢ row-
niez wiekszg odpornosciag na oddziatywanie wody
1 mrozu zaréwno przed, jak i po okresie starzenia, niz
w przypadku, gdy jako lepiszcze zastosowano asfalt
drogowy 35/50.
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ROAD SUBGRADE EMBANKMENT DEFORMATION

Abstract

The impact of snow melting on slope’s stability on the roads in cold regions is presented. Examples from Russia are given
and the analysis of the results of investigation is presented. The authors point out to lack of modern tools and the lack of

adequate preventive technologies.

Keywords: asphalt concrete, low viscosity bitumen, asphalt weather resistance, LTOA, STOA, AASHTO T283, PANK 4303

1. Introduction

The practice of construction and reconstruction of
roads showed that the basic types of deformation of
the earth embankments (roadbed), made from granular
materials (sands, sand and gravel ground etc.) are
suffered erosion and local shear deformations in the
form of landslides, earthflows, caused by the impact of
water on the ground. Such a kind of deformation one
may see in the regions with quite a cold climate, in the
regions with snow falls, snowstorms and cold winter.
This is the Northern and Central parts of the European
territory of the Russian Federation, the whole territory
of Siberia and Far East of the Russian Federation,
Alaska (USA), high mountain areas of China (Tibet). It
is confirmed by the observations of numerous authors
(Fig. ) [1,2,3,4].

a) b)

©)
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d)

Fig. 1. Local deformations of subgrade embankment:

a) road in Alaska [4]; b) Qinghai - Tibet railroads [3];

¢) Russia — road «Yamal» [1]; d) Russia — road «Don»
104 km [1]

2. Forms of local deformation of the slope

Deformations of grade level, caused by water
erosion, are developed in the period, when the surface
of formation is still not hardened and caused by
considerable overspeeding of the water flowing from
the ground surface (usually during the rains) of the
standard (not eroding) speeds for the ground. The ways
of prevention of such kind of deformations are well-
known — it is timely embedment of the traffic way,
waysides and slopes of grade level with the materials,
which are highly resistant to the washaway.

The situation is more difficult with the deformations
of the second type — shifts on the slopes. Local
deformations of this type can be observed on the
embankment slope of all types of ground. What is
particularly interesting is the fact of appearance
of shear deformations on the fill slopes from the
cohesionless soil. Besides such deformations develop
on the slopes of even high fills (up to 8 and more m),
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with asphalt and cement-concrete pavements at the
carriageway and shoulders, with good grassy turfs
at the slopes. Particularly often these deformations
occur in the first 1-3 years of grade level service.

The possible schemes of local deformation
developments are presented at the Figure 2. In all
cases there are slip lines of the definite coat massif of
soil in the coating surface of the slope:

Fig. 2. Development scheme of shear deformations on the
fill slopes [6]: a) due to identity element; b) inplane slip
with uplift; ¢) destruction of the whole slope in the belt of
weathering on the circular cylindrical surface; 1 — face of
slope; 2 — capacity of the active zone ha; 3 — shift surface;
4 — assumed blocks; 5 — retaining prism in uplift zone

The condition of the slope stability is the balance
or excess of restraining forces over the shear forces.
Stability coefficient is:

— YZitg(pn + Cn — tg“v Zi (1)
Y ztga tge

zap

tgy,, =tgg, + = 2)
Zi

where: y — soil density; Zi — running coordinate of
the active zone capacity of the slope perpendicularly
its surface; tgy, — coefficient of soil shift of the
active zone h at depth Zi; tgp , C_— correspondingly
calculated values of angle of repose and soil cohesion
at depth Zi; a — rate of slope.

2.1. The water and it role in losing stability of the slope

The analysis of the complex of restraining force
showed that, the main role in the loss of local soil
stability on the slopes is played by water, which
causes decreasing of angle of repose and cohesion
between the particulates and dynamically effects the
soil grains.

Structural cohesion C  in graded materials takes
place only in case of high density and soil compactness
and predominantly in case of low homogeneity on
grain-size classification and is predetermined, mainly,
by interlocking grain arrangement [9].

Table 1. Dependence of cohesion and angle of internal
friction of soil from its porosity [9]

Cohesion C (MPa) and angle of
internal friction ¢ (grade) with the
Type of refuse stone porosity factor ¢
0.45 0.55 0.65 | 0.75
Gravel and coarse sand 0.02 0.01 _ —
43 40 38 -
0.03 0.02 0.01 -
Sands of average coarseness
40 38 35 -
. 0.06 0.04 0.02 -
Fine sand
38 36 32 28
0.08 0.06 0.04 | 0.02
Dust sand
36 34 30 26

Note: Upper line — cohesion, lower — angle of repose.

The water gets into the soil on the slopes as a result
of percolation in case of storm event and snow melting.
In winter the soil of grade level freezes (after the
temperature fall below -5°C). Isothermal curve of zero
temperature falls lower and lower from the surface of
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grade level. Temperature distribution in depth gives
evidence of the character of the soil straight-freezing:
maximal under the roadway paving and lesser on the
slopes of fills (Fig. 3 [8]).

Isotherm of February

4-6 -10 10 6 4

Fig. 3. Isotherms (°C) of the coat of grade level during the
winter-spring months (Moscow and Moscow region)

In spring there is started a constant soil temperature
rise in the upper part of the grade level. Heat current
changes its direction, moreover before the start of
melting. Soil frost retreat starts from two sides: from
above, from the surface of grade level, and from
below, from the side of thawed ground (in the mess
or the ground of the grade level). The speed of frost
retreat from above is more or less identical on all the
areas and averages (for Moscow region) to 4 cm/day.
Frost retreat from within averages to 0.6-0.7 cm/day.
On the whole the thickness of layer, melted from
within, amounts — in relation to the whole thickness
of frost-bound layer — to 7 up to 34%.

After the start of snow melting the water from
the upper coating of the snow cover, subject to the
forces of gravitation, passes through the snow to the
soil slope. Under the influence of melt-water there
is started gradual coat frost retreat. The part of melt-
water gets into the pores of the unfrozen soil, the
remaining part flows through the slope — through
the face of slope, under the snow cover. As the snow
melts and the soil thaws the major part melt-water
gets into the soil pores and the smallest part of it
flows down the slope surface. At last there comes
a moment, when the depth of the melted soil-work
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at the slope surface reaches the value, wherein the
all amount of melt-water which enters the soil goes
to the soil pores. The flow down the surface of the
slope stops. Melt-water through the soil pores under
the gravity forces reaches the surface of the soil still
not melted. In case of quite a large openness there
appears the water flow in the soil. Gradually takes
place the formation of seepage, which flows in the
soil above the border of the section «thawed ground
— frozen ground» (Fig. 4).

Fig. 4. Formation of the seepage on the slopes of the
grade level during the snow melting

As a result there happens a considerable soil
overwetting, followed by the decrease of forces,
which secure the soil grains from the shift. In the
zone of water filtration on soil grains operates the
hydrodynamic head %, which appears as the result of
penetration of elementary rate of water flow ¢, and the
following formation of seepage with the rate Q = 2g..
Elementary rate of flow qi is formed by water, which
penetrates into the soil during the snow melting on
the slopes, and, in case of storm event, rainwater.
The water flows through the surface of aquifuge —
the surface of still frozen soil-work (in spring) or the
surface of a more solid soil-work which lies lower (in
summer and in autumn).

The melting surface is not plain. That is why in
some places, because of the outflow obstacle, the local
additional body of water may occur, which increases
weighing water impact and therefore decreases
restraining forces.

The water of rains which fall during the snow
melting period accelerates and increases the process
of snow melting, therefore leveling up the water flow
in the coat. The rainwater itself also penetrates into
the soil pores (because of the infiltration) increasing
more the filtration flow and soil dampness. Because
of the accelerated snow melting and soil frost retreat
in the zone of the shelf of grade level there is possible
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a situation, when the water from the overdamping
zone under the roadway paving through the unfrozen
coat under the wayside and the upper part of fill slope
comes into the filtration flow, which flows in the
surficial belt of the slope.

At some time the soil overdamping reaches the
level when, the shearing force exceed restraining
forces. So there happens a shift — local deformation
in the form of slope gutter.

As regards sand the possibility of shift deformation
is worsened by its tendency to attenuation in aqueous
state. Attenuation often happens [5] under the
influence of filtration flow on the sand structure, in
particular in case of dynamic character of filtration
forces. Recently settled refuse stone of earthworks is
very sensitive to the dynamic forces. Dynamic effects
usually cause small shift of sand-grains, which cause
sand fluidization.

In case of sand fluidization on the slopes, instead of
vertical displacement of sand-grains in the process of
sand settlement, there occurs considerable relative flat
and vertical displacement of values as a consequence
of running ground dispersion. In case of sufficient
surface slope the burdens rush in the form flows to the
lower areas, forming the covers, filling the cavities
and hollows.

Deformation ratio depends on the rate of dynamic
effects. Earthquakes can cause passing of sand into
dilute state on the large area. The effects of explosions
and vibration are caused only by local fractures of
area structure, quite close to the whence of dynamic
effects. Very often the fluidization event happens in
comparatively small scales, for example, in the event
of people walking or vehicle passing over the surface
of loose water- saturated sands [5].

Fluidization is native to all quite loose granular soils
of any grain size. However due to a larger permeability
to water the retention time of coarse-grained soils in
dilute state is less, than that of compact-grained and
that is why the fluidization practically never occurs
there.

The danger of fluidization for the resistibility
and structural competence is defined not by the
fact of fluidization, but by the character of its
flow. The dwelling time of sand in dilute condition
and toughness of burdens influences the possible
construction displacement.

The rightfulness of theoretical considerations
concerning the reasons for formation of local
deformations on the slopes of grade level of roads was
confirmed by the results of full-scale measurements

of water content and soil (sand) density on the fill
slopes of roads «Don» (km 103-104), built from
fine sand of the borrow pit «Martemianovoy» of Tula
region (filtration coefficient 1-3 m/day, gradation
factor -1,67). Embankment height — from 1.5 to 8 m.
The research was carried out in the years 2001-2005.
Water content and soil density on the slopes were
defined at depth 0, 20, 40 and 60 cm during different
times of the year. The depth was counted from the
lower surface of top soil.

The research was carried out in field and laboratory
conditions with the use of certified appliances. The
character of coat moisture gradient of the slope part
during the spring months is shown on Figure 5.

Fig. 5. Coat moisture gradient of the slope part of grade

level in spring 2004 year. km 104 a/r «Dony. 1-5 — point

on slope contour: 1 — on the edge, 5 — embankment foot,
2-3 — passing points

Table 2. The character of placement of thawed and frozen
layers on the slope of the fill in the first half of the day
March, 2004, km. 104 a/r «Dony, depth of fill 8 m, slope
ratio 1:1.75. Slope orientation - south, air temperature at
night -10°C, day +5°C

Ne [ayer Soil state in the layer Layer height, m
1 Frozen ground 0.03-0.05
2 Hydromorphic soil 0.05-0.10
3 Fluidity soil 0.05-0.10
4 Frozen soil 0.15-0.20
5 Non frozen soil -

The fact of water flow in the soil (filtration flow)
was photographed (Fig. 6).
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Fig. 6. Water filtration on the border of frozen and
unfrozen soil (km 104 a/r «Dony, 14.03.2004)

Density measurements, carried out simultaneously
with the humidity estimation showed that the soil on
the slopes is in quite friable state (Table 3).

Table 3. Soil density and humidity of the fill slope on 104
km road «Dony (average rates). Slope orientation — south.
14.03.2004

i ] Coat density
measurement | measurement gfem? Coat humidity %
point point, cm
0 1.83 14.5
1 -20 1.80 13.8
-40 1.76 17.3
-60 1.87 15.7
0 1.85 10.0
9 -20 1.85 12.5
-40 1.83 15.1
-60 1.87 15.7
0 1.83 9.1
3 -20 1.80 12.5
-40 1.76 16.0
-60 1.87 17.5
0 1.83 10.9
4 -20 1.80 12.2
-40 1.76 15.6
-60 1.87 15.0
0 1.76 13.0
5 -20 1.83 14.0
-40 1.83 16.2
-60 1.85 17.5

Note: Optimum density for this sand is 1.89 g/cm’,
optimum humidity — 10.9%.

Actual values of compacting factors (0.93-0.95-
0.97) during the first 2.5 years of slope work (0.93-
0.95-0.97) turned out to be lower than regulatory
value (min 0.99), which certifies soil high porosity on
the fill slopes.

The research of dynamic effects of automobile
transport on the soil of the slope fill parts was carried
out at 104 km a/r «Don» (depth of sand fill — 6-8 m)
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and 94 km MKAR (depth of sand fill 2 m). On the
a/r «Don» convulsion in coat generated by passage
of single-unit truck of the mass 22 t with the speed
of 50, 60 and 80 km/h, at Moscow Ring Motorway
there was moving a real traffic flow with the intensity
(in one direction) 6480 veh/h (km 9) and 7200 veh/h
(km 14). The carriageway of the road «Don» has 4
lanes (two lanes in each direction), at Moscow Ring
Motorway - 4 lanes in each direction. Shoulders
at 1.0 m from the upper edge of embankment are
hardened by plant formation. In both cases the the
road pavement made of asphaltic concrete, the
roadbase — of low cement content concrete, base — of
sand.

Vibrational impact of automobiles on the soil of
grade level was studied in dry weather, in July under
the temperature of +23°C and in November under
the temperature of +4°C. There were registered
mean square and peak heights (X, Y, Z) of vibration
acceleration. Axle X is directed perpendicularly to
the road axle. The measurement time amounted to 5
to 10 minutes and included the automobile drive to
the measurement point and automobile removal.

Fig. 7. Curve of the soil particles flow (mm) as a result of
operation of single load. Summary constituent, disturbing
frequency 10 Hz

There were made measurements (the values of
vidroaccelerations), processing of the results received
according to the finite element method enabled to
define, that the vibration impact on the slopes for
the conditions discussed in case of problem solving
on normal stress amounted, average, from 0.1 up
to 0.044 kg/cm?, tangentially — from 0.04 to 0.001
kg/cm?. Value peaks fall within the upper and lower
slope part, which suggests the increased load in these
zones. The movement of soil parts amounts to 0.6 up
to 0.2 mm and on the whole uniformly decreases in
proportion to the standing off pumping source (from
the cover of the road) (Fig. 7).
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3. Conclusions

The results of the research carried out enables
to make a conclusion that local soil deformation
on the embankment slopes are determined by the
combination of the range of factors: low soil density
in the slope surficial belt, high soil moistening in
spring period, the presence of filtration stream of
melted (and rain — in case of rain fall) water in the
slope part of the roadbed. Vibrations generated in the
soil of the roadbed by the cars passing by contribute
to the disturbance of equilibrium of restraining and
shearing forces.

Only one from the abovementioned factors is subject
to control by the roads constructors — soil density of
slope parts of embankment. However at the present
time the embankment construction method implies
that the slope soil is not compacted. The technology
of soil compacting of slope of embankments still is
not worked out. The recommendations concerning
the following overcutting of the unconsolidated
slope soil, which one may find in references, cannot
be considered as rational due to many reasons. As
a consequence, the tools for the works execution on
slope soil stabilization are not available (one cannot
view a small road roller, which rolls down the slope
as a major compaction tool).

M.V. Nemchinov
A.S. Men'Shov
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Deformacje skarp nasypow drogowych

Praktyka konstruowania i modernizacji budowli
ziemnych pokazuje, ze podstawowe typy deformacji
nasypoéw ziemnych, wykonanych z granulowanych
materialow, spowodowane s3 zjawiskiem erozji
powierzchniowej poddanej lokalnym deformacjom
spowodowanym §cinaniem. Sytuacja ta pojawia si¢
na osuwiskach, gdzie wystepuje oddzialywanie wody
w gruncie. Przeprowadzone wyniki badan umozliwity
sformutowanie wnioskow, ze lokalne deformacje
gruntow na skarpach nasypoéw sa spowodowane

poprzez oddziatywanie nastgpujacych czynnikow:
mata gestoS¢ objetoSciowa pasOw  nasypow,
wysoka wilgotno$¢ gruntu w okresie wiosennym,
lokalne przenikanie wody w okresie topnienia lodu
w korycie drogi. Drgania generowane w korycie
drogi poprzez oddziatywanie ruchu pojazdow
przyczynia si¢ do zaktocen w rownowadze pomiedzy
naprezeniami $cinajacymi a hamowaniem. Aktualna
wiedza dotyczaca konstruowania skarp nasypow
obecnie nie jest jeszcze usystematyzowana.
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POSSIBILITY OF THE APPLICATION
OF MICROSTRUCTURES IN HEATING
AND VENTILATION SYSTEMS

Abstract

Microstructural coatings may by successfully applied in phase — change heat exchangers to enhance heat transfer. They
can be used in heating and ventilation systems as presented in the literature review. The test results of boiling heat transfer
prove that it is possible to significantly increase heat flux comparing to the smooth surface if porous microstructures are
applied. The measurements were conducted on the non — isothermal surface of the fin. Distilled water was used as the

working fluid.

Keywords: heat exchangers, microstructures

1. Introduction

Currently, much scientific effort is directed towards
the production of more efficient heat exchangers.
Particularly interesting are phase — change exchangers,
since they offer the dissipation of significant heat
fluxes at small temperature differences. They are
commonly used in refrigeration, air conditioning and
other areas. The need to dissipate even higher heat
fluxes led to the discovery of enhanced structures.
They cover the heating/cooling surfaces and enable
to improve heat transfer conditions. Consequently,
eleveted heat fluxes might be expected. Such enhanced
microstructures might be produced on surfaces
through sintering metal powders, meshes, fibers on
them or as regular microfins or microgrooves. They
can be used either in condensation or in boiling,
which is described further in the paper.

2. Microstructures in heating and ventilation

The pioneer work focused on boiling heat transfer
enhancement was conducted by Jakob and Fritz in
1931. They found that increased roughness of the
heating surface leads to the increase in dissipated
heat flux. However, this effect disappears with time.
This phenomenon did not cause much interest. Later,
in the years 1955 — 1965, significant progress was
made in exploring the mechanisms of phase change
processes. That resulted in developing heat transfer

enhancing structures. The first one was patented in
1968 [1]. There are many types of coatings available
on the market. And many ways of manufacturing them.
Figure 1 presents examples of some microstructures.

Fig. 1. Commercial microstructures: a) Hitachi
Thermoexcel, b) Gewa, ¢) High Flux [2]

Microstructural — coatings may have many
applications. Gottzmann et al. [3] investigated the use
of High Flux metallic covering of 50-65% porosity.
Based on the experimental results of air conditioning
evaporators with ammonia as the working fluid, it
was concluded that it might be possible to increase
heat flux twice. And, at the same time to reduce the
temperature difference by about 1 K. The designed
absorption ammonia chiller with the High Flux
microstructure enabled to decrease the length of
cooling pipes 6-7.5 times as compared to conventional
systems.

The enhanced heat exchangers reduce the mass of
the devices. And, consequently, the transportation and
installation costs. Moreover, the amount of working
fluids is limited. For refrigeration and air conditioning
applications channels with internal microfins are used.

41



enhvironment

tukasz J. Orman

Such a surface modification results in a small increase
in pressure loss as compared to smooth pipes [4].

Porous microstructures are used as the internal
coating of heat pipes. They are part of efficient heat
exchangers [5, 6]. In one end of a heat pipe (Fig. 2)
vaporisation occurs. The heat is dissipated from the
cooled element. On the other end heat is reliesed to
the surroundings and condensation takes place inside.
Such a heat exchanger is very reliable since there are
no moving parts. The temperature difference along
the heat pipe is small. This is the additional advantage.
Consequently, it might be widely used in the broad
temperature range (from criogenics to temperatures
reaching 1600°C).

Fig. 2. Heat pipe

If, for example, a waste heat source is available heat
can be efficiently transported to different rooms using
the heat pipe. This concept is presented in Figure 3.

Fig. 3. Heating system constructed with heat pipes [5]

Abd El — Baky et al. [7] investigated a heat
exchanger consisting of heat pipes, used to recuparate
heat in air conditioning systems. The two ducts are
present — one which transports fresh air from the
outside of temperature 32-40°C and the other with the
cooled air of constant temperature 26°C. The ducts
are parallel to each other and joined with the heat pipe
heat exchanger. Ratios of mass flow rate between the
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return and the fresh air were 1, 1.5 and 2.3. The results
proved that efficiency and heat transfer for evaporator
and condenser sections are increased to about 48%,
when the fresh air temperature is increased to 40°C.
The rise in the ratio of the return to fresh air mass
flow rate by about two times results in an increase in
the temperature change of fresh air by ca. 20%. And
the effectiveness of the heat exchanger by ca. 26%.
Figure 4 presents the scheme of the studied heat pipe
heat exchanger in the ventilation ducts.

Fig. 4. Scheme of the heat pipe heat exchanger [7]

3. Boiling on surfaces with porous layers

The impact of microstructural porous coatings is
investigated on the example of the non — isothermal
surface of the copper fin. To this surface the metallic
layers are attached and sintered in the furnace without
oxygen. That is done in order to prevent oxidation. The
fin is part of the vessel. Its connected with the liquid
on the side with the microstructure. The other side of
the fin is examined with the infrared camera. The main
heater is attached to the fin at one end. It warms it up to
temperatures over the saturation temperature. Because
heat is supplied to one end of the fin, the temperature
gradient is created. The temperature distribution
is then measured with a long — wave (8-14 mm)
thermovision camera. The camera is equipped with a
detector of 384 x 288 pixels. Its thermal resolution is
0.08 K. The obtained temperature distribution is used
to draw boiling curves. That is done according to the
method presented by Orzechowski [8]. In this method
the heat transfer coefficient depends exponentially on
superheat (which is the difference between the wall
temperature and the saturation temperature):

a=ab" (1)

The experimental determination of constants: a,
and n leads to the equation for the boiling curve.
According to the methodology [8] the formula
for superheat gradient along the fin in logarithmic
coordinates can be expressed as:
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Here P and F are the circumference and surface area
of the copper fin, respectively. The I is the thermal
conductivity of the material.

The knowledge about the temperature distribution
along the fin (after numerical differentiation) enables
the constants a and n to be determined from the
data fitting. Thus, the boiling curve can be drawn as
a function of local values of heat transfer coefficient
(or heat flux) and wall superheat using the equation (1).

The measurements were carried out for the porous
microstructure. Its height was 0.6 mm and porosity
ca. 0.6. The test began with recording the temperature
distribution along the fin. It was done with the
thermovision camera for three different levels of
electric power. The power was supplied to the main
heater (Fig. 5). Numerical differentiation produced
the first derivative. This is presented in Figure 6. The
constants a and n could be determined according to
equation (2) through the linear least square fitting.
Based on the above mentioned the boiling curve could
then be drawn (Fig. 7). For comparison the smooth
surface test results [9] are given. The test was limited
to nucleate boiling heat transfer — with superheat not
exceeding 18 K. It was conducted under ambient
pressure. Distilled water was the working fluid.

Fig. 5. Temperature distribution along the fin for three
levels of electric power (W) supplied to the main heater

Fig. 6. Superheat gradient vs. superheat for three levels of
electric power (W) supplied to the main heater (6 > 2K)

Fig. 7. Boiling curves for distilled water: a — smooth
surface [9], b — microstructural coating

As can be seen in Figure 7 the application of the
microstructural coating resulted in elevated heat flux
in comparison to the smooth surface for the same
superheat. This enhancement is especially apparent
in the low superheat region. As the temperature
increases more vapour is produced on the surface. Its
transport through the porous layer becomes difficult
due to flow resistance. Consequently, for higher
superheats the curve representing the microstructure
approaches the one for the smooth surface.

4. Conclusions

The microstructural coatings are part of phase —
change heat exchangers. Their application might
lead to the significant enhancement of heat flux at the
same temparature difference. Based on the test results
presented above it can be concluded that it is possible
to dissipate over 10 times more heat — for lowest
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superheats — if porous layers are used, as compared to
smooth reference surface. Heat exchangers produced
with microstructures could be working with different
fluids. More tests are needed to determine optimal
geometrical and material properties of different kinds
of porous layers. They will ensure the maximal heat
flux to be dissipated. Thus, the design guidelines
could be proposed for the production of such heat
exchangers.
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Mozliwosci zastosowania mikropowierzchni
strukturalnych w ogrzewnictwie i wentylacji

1. Wstep

Obecnie szerokie zainteresowanie wzbudzajg wy-
soce efektywne wymienniki ciepta. Szczegolnie inte-
resujace sg te, ktore pracujg przy zmianie fazy czyn-
nika, poniewaz umozliwiaja odbieranie znacznych
gestosci strumienia ciepta. Sa one powszechnie sto-
sowane m.in. w chtodnictwie czy klimatyzacji. Po-
trzeba odbierania coraz wigkszych strumieni ciepta
doprowadzita do odkrycia pokry¢ intensyfikujacych
wymiang ciepta, ktore naktada si¢ na powierzchnie
wymiennikoéw. Takie mikrostruktury wytwarza si¢ ze
spieczonych proszkoéw metalicznych, siatek czy wto-
kien lub jako mikrozebra lub mikrowglebienia. Moga
by¢ one stosowane w przypadku zarowno kondensa-
cji jak i wrzenia.

2. Mikropowierzchnie strukturalne w ogrzewnictwie

i wentylaciji

Pierwsza praca dotyczaca intensyfikacji wymia-
ny ciepla przy wrzeniu byly badania Jakoba i Fritza
w 1931 r., w ktorych wykazali, ze zwigkszenie chro-
powatosci powierzchni grzejnej prowadzi do zwigk-
szenia ilosci odbieranego ciepta. Zjawisko to nie byto
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jednak obiektem wigkszego zainteresowania. Dopie-
ro lata 1955-1965 zaowocowaty opracowaniem struk-
tur intensyfikujacych wymiang ciepla przy wrzeniu.
Pierwsza taka struktur¢ opatentowano w 1968 r. [1].

Mikropowierzchnie strukturalne mogg byc¢ sto-
sowane w wielu galeziach przemyshi. Gottzmann
1 in. [3] opisali zastosowanie powierzchni High Flux
w parownikach klimatyzatorow wykorzystujacych
cykl absorbcyjny amoniaku. Przeprowadzone do-
swiadczenia przy wrzeniu roztworu 16-17% amonia-
ku dowodza, ze mozliwe jest dwukrotne zwigkszenie
gestosci strumienia ciepta przy jednoczesnej redukcji
r6éznicy temperatury o okoto 1 K.

Wymienniki rurowe intensyfikujace wymiane
ciepta sa powszechnie stosowane w chtodnictwie
i klimatyzacji. Powoduja zmniejszenie wymiarow
urzadzen i wymaganej ilo$ci ptynow chtodniczych
w wymienniku. W przypadku zastosowan chtodni-
czych i klimatyzacyjnych stosuje si¢ obecnie rury
z wewnetrznymi mikrozebrami [4].

Powierzchnie porowate stosowane sg jako wypet-
nienie rur ciepta, stanowigcych element efektywnych
wymiennikéw ciepta [5, 6]. W rurze ciepla mozna
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wyrozni¢ czgsé, w ktorej nastepuje parowanie (od-
bieranie ciepta) 1 skraplanie, gdzie nastgpuje oddawa-
nie ciepta. Brak czgsci ruchomych oznacza wysoka
niezawodnos$¢ takich urzadzen. Dodatkowa korzyscig
jest prawie stala temperatura na ich dlugosci.

Abd El — Baky i in. [7] przedstawili wyniki badan
wymiennika ztozonego z rur ciepta przeznaczonego
do rekuperacji ciepta w uktadach klimatyzacyjnych.
Uktad pomiarowy obejmowat dwa kanaly — jeden ze
Swiezym powietrzem zewngtrznym o temperaturze
32-40°C 1 drugi z powietrzem o statej temperaturze
26°C. Kanaly zlokalizowano réwnolegle i polaczo-
no wymiennikiem z rurami ciepta. Okoto dwukrotny
wzrost ilorazu strumienia powietrza chlodnego do
Swiezego powoduje zwigkszenie spadku temperatu-
ry powietrza §wiezego miedzy wejSciem a wyjsciem
z wymiennika o ok. 20% 1 zwigkszenie efektywnosci
wymiennika o ok. 26%.

3. Wrzenie na powierzchni z pokryciem porowatym

Badania wykonano na stanowisku, ktorego glow-
nym elementem jest miedziane zebro z mikrostruk-
turg porowatg o grubosci 0,6 mm i porowatosci ok.
0,6. Do badan wykorzystano kamere termowizyjng
o rozdzielczosci 0,08 K, w celu okreSlania rozktadu
temperatury na dlugosci. W wyniku zastosowania
procedury opisanej przez T. Orzechowskiego [8] uzy-
skano krzywa wrzenia, ktorg porownano z wynikami

dla powierzchni gtadkiej. Wykazano znaczne mozli-
wosci intensyfikacji wymiany ciepla w porownaniu
do powierzchni odniesienia, jesli zastosuje si¢ dodat-
kowe pokrycie mikrostrukturalne.

Najwigksza intensyfikacje wrzenia obserwowano
dla obszaru matych przegrzan — rys. 7 (przegrzanie
oznacza roznice temperatury powierzchni grzejnej
1 temperatury wrzenia). Wzrost temperatury powo-
dowal zwigkszona produkcje pary, a utrudniony jej
transport z powierzchni grzejnej przez warstwe po-
rowatg powodowal, ze krzywa wrzenia dla analizo-
wanego pokrycia zblizala si¢ do wynikéw dla po-
wierzchni gtadkie;j.

4. Wnioski

Struktury porowate moga stanowi¢ element efek-
tywnych wymiennikéw ciepla, wykorzystujacych
zjawisko przemiany fazowej. Zastosowanie mikropo-
wierzchni strukturalnej spowodowato ponad 10-krot-
ny wzrost gesto$ci strumienia ciepta dla najmniej-
szych przegrzan przy wrzeniu wody pod ciSnieniem
atmosferycznym. Rozszerzenie badan na inne czyn-
niki i struktury moze umozliwi¢ okreslenie optymal-
nych parametrow geometrycznych i materiatowych,
celem maksymalizacji gesto$ci strumienia ciepta.
W zwiazku z czym mozliwe bytoby wowczas zapro-
ponowanie wytycznych projektowych dla takich wy-
miennikow.
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MICROCLIMATE IN A FLAT
WITH ADDITIONAL AIR INTAKES

Abstract

The relation between the gravitational ventilation and distribution of intake openings are presented here. The possibility of
installing additional openings to provide sufficient quantity of indispensable air is presented here. These are essential to gas
combustion in heating devices. Two different ways of localization of such openings are discussed. The first one is based on
making openings supplying the air to external barriers. This results in the limitation of backward duct in ventilating ducts.
Simultaneously, the decrease of comfort zone in flats is noticeable. Placing the opening directly in the external barrier
causes rapid cooling of flats. This results in feeling of draught. The second solution dealt with placing identical opening in
an internal barrier, bordering with the staircase. The effect of such solution was similar to the first one. It was also based
on limiting the occurrence of backward ducts inside ventilating ducts. However, in the latter case, we did not notice the

deterioration of microclimatic conditions in examined flats.

Keywords: Building’s microclimate conditions, ventilating air, ventilating ducts, carbon dioxide concentration

1. Introduction

In Poland in the past 20 years or so, there has been
a growth of interest in energy saving construction. They
were mainly: constructors, developers and investors
planning modernization of existing buildings. They
used energy saving technologies essential to heating
of the buildings. They were focused on hermetic
woodwork and warming of external walls. The hermetic
woodwork was accomplished through the exchange
of door’s and window’s woodwork. The warming of
external walls was done with foamed polystyrene. The
measurable benefits of these solutions were: less costs
in heating of the building and in renovation of the
facade Due to such solutions, they qualified for so called
“thermo modernizational bonus” from nation’s budget.
Unfortunately, they did not pay enough attention to the
air exchange. As they considered it to be too expensive,
not profitable enough and of little importance. In these
buildings constructors planned the necessary minimum
(following only the national norm guidelines). In case of
thermo modernization they totally ignored this problems.
It resulted in good building lagging without the inflow
of the right quantity of ventilating air. But that (i.e. the
right quantity of ventilating air) is essential to sanitary
conditions, conditions of living and to gas combustion in
gas-fired boilers. Sufficient quantity of air intake flow is
necessary for combustion process. It is supplied through
air intakes and untightness in external lining. Lack of
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that flow causes the phenomenon of backward duct in
ventilating ducts. Its occurrence causes deterioration of
microclimatic conditions in the flats.

2. Requirements of national norms

All  requirements pertinent to gravitational
ventilation are to be found in three legal acts. In the
decree (Dz.U. Nr 75, poz. 690) the outline of the
general requirements which buildings, their technical
conditions, their location, and ventilation, is presented.
Detailed requirements pertinent to individual solutions
regulates norm (PN-83/B-03430), together with
its supplement (PN-83/B-03430:Az3:2000). This
norm says, that windows with infiltration coefficient
smaller than 0.3 m*/(mhdaPa?®) mounted in habitable
buildings of public usefulness should be equipped in
air intakes. They should provide the right quantity of
an air necessary for ventilation. In case of the lack of
air intakes, mechanical supply ventilation has to be
installed. In other cases, the coefficient of infiltration
of woodwork has to be within 0.5 — 1.0 m* (mhdaPa??).
However the definition of the range of coefficient of
air penetration through the window and the differential
pressure, for which the values are given rises some
concern. According to valid regulations the value
Ap =10 Pa, is set regardless of the shape or size of the
building. The specifications of requirements in selected
countries are presented in Table 1.
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Table 1. The comparison of window tightness (Mis$niakiewicz, 2002; Nowakowski, 2002) — part one

No. | The country and the The description of the building Required coefficient of air Single quantity of air
name of the norm penetration for Ap=1Pa
1. Belgium H=0-18m 3.0 m¥mh for 100 Pa 0.040 dm*ms
STS52.0 H>18m 2.0 m¥/mh for 100 Pa 0.027 dm*/ms
2. Denmark DS. - 417 For all buildings 0.50 dm®ms for 30 Pa 0.053 dm*/ms
3. Finland Class 1 (max) 0.50 m¥m?h for 50 Pa 0.011 dm3/m?s
SFS 3304 Class 2 (min) 0.5 m¥mh for 50 Pa 0.011 dm%m?s
Class 2 (max) 2.50 m*mh for 50 Pa 0.053 dm*/m?s
Class 3 (min) < 7.0 m¥/mh for 50 Pa 0.093 dm*/m?s
4. | France Class A1 20 - 60 m3¥m?h for 100 Pa 0.266 — 0.789 dm*/m?s
NF P20 302 Class A2 7 =20 m¥m?h for 100 Pa 0.093 - 0.266 dm*/m?s
Class A3 (tight buildings) <7 m¥m?h for 100 Pa <0.093 dm¥/m?s
5. Holland The ,normal” terrain:
NEN - 3661 H<15m 2.50 dm*/ms for 75 Pa 0.145 dm*/ms
H=15-40m 2.50 dm*/ms for 150 Pa 0.092 dm*ms
H=40-100 2.50 dm*/ms for 300 Pa 0.058 dm*/ms
Terrain close to the sea:
H<15m 2.50 dm*/ms for 300 Pa 0.058 dm*/ms
H=15-40m 2.50 dm*/ms for 300 Pa 0.058 dm*/ms
H=40-100m 2,50 dm*/ms for 450 Pa 0.044 dm*/ms
6. Canada Small buildings A1 2.79 m¥mh for 75 Pa 0.045 dm*/ms
3-A440-M84 Medium buildings A2 1.65 m¥/mh for 75 Pa 0.027 dm¥/ms
Tall buildings A3 0.25 m*/mh for 75 Pa 0.004 dm*/ms
7. Germany A-H=0-8m 6.00 m¥mh for 50 Pa 0.126 dm*/ms
DIN-18055 B-D-H>8m 3.00 m¥mh for 50 Pa 0.063 dm*ms
8. New Zeland Tight buildings 0.60 — 2.00 dm*/ms for 150 Pa 0.022 - 0.073 dm®*ms
NZS N42211:87 Buildings of medium tightness 2.00 - 8.00 dm¥/ms for 150 Pa 0.073 - 0.147 dm3ms
Buildings of low tightness 8.00 — 17.00 dm*/ms for 150 Pa 0.147 - 0.623 dm®/ms
9. Poland
PN-EN ISO 6946:1998 | All buildings 0.5 - 1.0 m¥mh for 10 Pa 0.03 - 0,06 dm¥ms
10. | Switzerland H<8m 5.65 m*/mh for 150 Pa
SIA 331 H=8-20m 8.95 m*mh for 300 Pa 0.056 dm*/ms
H=20-100m 14.25 m*/mh for 600 Pa
11. | Sweden Tight buildings 1.7 m¥m?h for 50 Pa
Untight buildings 5.6 m¥m?h for 300 Pa 0.036 dm*/ms
Buildings of H>8 m 7.9 m¥m?h for 500 Pa
12. | Great Britain Open area,
BS 6375 External pressure. < 1600 Pa 6.34 m¥mh for 50 Pa 0.133 dm*/ms
As before, but® 1600 Pa Building site 4.84 m*mh for 50 Pa 0.102 dm*ms
Internal pressure < 1600 Pa 1.00 m*¥mh for 200 Pa 0.008 dm*ms
As before, but® 1600 Pa High tightness | 1.00 m*/mh for 300 Pa 0.006 dm*/ms
Open area 1.00 m¥/mh for 600 Pa 0.004 dm*/ms
As before, but building site 6.60 m¥mh for 600 Pa 0.02 dm®ms
13. | USA/ASHRA Al buildings 0.77 dm®/ms for 75 Pa 0.045 dm*/ms
E 90-80

Apart from the difference of pressure, in the
majority of countries listed above other factors such
as: the height of the building, its tightness or location
in the area are also considered. One may notice (Table
1) that Polish requirements are one of the strictest.

3. Carbon dioxide as the indicator of an air quality

The relation between the quantity of ventilating
air and the concentration of carbon dioxide is the
recognized criterion of an air quality evaluation.

The frequent occurrence of carbon dioxide in typical
conditions is not dangerous. This gas causees the
feeling of air stuffiness. The growth in carbon dioxide
concentration comes from external and internal
sources. The level of carbon dioxide concentration in
the atmosphere steadily grows (as the consequence
of industrialization). At present, its value oscillates
between 400 — 600 ppm. Living organisms and gas
devices are the source of carbon dioxide inside the
rooms. Its concentration depends on organism’s
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activities. For individuals (people) it wvaries. It
depends (among others) on their diet, the mass of
their body and their physical condition. Naturally,
the concentration of carbon’s dioxide inside the room
depends on other factors as well. These are (among
others): the number of people inside the room, not
sufficient air exchange (i.e. the fall of the content of
oxygen in the air) and intensification of combustion
processes in the room (e.g.: smoking tobacco, or
preparing the meals). That is why carbon dioxide was
chosen as an indicator of the microclimate quality
inside considered flats.

According to Hodgson (Liddament, 1996) the upper
limit of carbon dioxide concentration which is not
harmful to the man is in the range of about 8500 ppm.
The present standards for the internal air, assume the
admissible level of carbon dioxide concentration on
the level of 1000 ppm. This coefficient was proposed
already in the nineteenth century by Max von
Pettenkofer (Nantka, 2004).

Table 2. Emission of carbon dioxide for different levels of
activity (Fanger, 1980)

A type of activity Emission of carbon
dioxide [dm¥h ]
Dream (motionless recumbent position) 10-12
Sitting position (without doing any work) 12-15
Sitting posture — easy office works 18-25
Doing work of average difficulty 32-44
Doing hard work > 55

Table 3. The influence of carbon dioxide on human
organisms (Sowa, 1995)

No. | Concentration of
carbon dioxide
in the air [ppm]

1. 300 - 450
2. 1000

The symptoms

Dry external air

Basis for the qualification of most standards
concerning the quantity of ventilating air for
a single person

1550 — 500 | The growing feeling of stuffiness

5000

Limitations concerning working posts

7000 - 10000

The growth of breathing capacity

15000

The appearance of metabolical stress

N ok | w

20000

The increased frequency of breathing and
headaches

40000 - 52000

Carbon dioxide concentration in the air
breathing out from the lungs

10.

60000 - 80000

The possibility of partial paralysis

> 80000

Losing of consciousness in a few minutes
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4. Object of researches

The object of researches were typical parameters
of the internal microclimate: the temperature, the
humidity of the air, the number of exchanges and
carbon dioxide concentration. The research was
conducted in habitable buildings. They were three
and four — storied, semi — detached buildings, built
in years 2000 — 2003. These buildings were equipped
with the channel system of natural ventilation. In flats
there were installed gas cookers and two — functional
stoves with open chamber of combustion, powered
by the earth gas. Buildings had external walls. The
walls were warmed with foamed polystyrene covered
with a thin — layer mineral plaster. The windows’
woodwork with infiltration coefficients smaller than
0.3 m*/mhdaPa*? (according to producer’s data ) was
equipped with an air intakes.

5. Results of investigation

During the first year, all the occupants felt
inconveniences of proposed solutions. In case of gas
cooker, the system of gravitational ventilation worked
very well. However in case of gas stove, in the majority
of these flats certain inconveniences occurred. They
mostly relied on the appearance of backward ducts in
air grates. Also, condensing water steam on window
panels were seen. Moreover, the occupants complained
of headaches and the lack of fresh air in the rooms.
The above mentioned phenomena were intensified in
the winter. After the first year, the focus of mould was
noticed in the flats. They were mostly in the kitchens and
bathrooms. In some cases they were also noticeable in
habitable rooms. While performing the measurements,
large discrepancies in data were noticed in considered
flats. There were problems with gravitational
ventilation, especially in flats situated in the last two
storeys. The backward ducts in air grates was noticed.
The speed of ventilation near the outlet from the air
grate fell down to 1.15 m/s. While the air temperatures
outside were about — 10°C, the temperatures near
the grate outlet were approximately +16°C in rooms
with air grates and air ventilation. And the interior
temperatures near heating (while turned on) equaled
about +17 — +19°C (Fig. 1). During the usage of gas
range and gas heating devices, the very quick growth
of carbon dioxide concentration was observed (Fig. 1
and 2). These values were several times higher than
the accepted standards [about 2200 — 3500 ppm (Sowa,
1995)]. None of gas devices was turned on in periods
when the level of carbon dioxide concentration fell to
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500 — 1150 ppm. The very interesting phenomenon
occurred in all investigated flats. It was the alternating
character of the stream of ventilating air in air grates.
That implied, that ventilation and removing the air
took place through kitchen or bathroom air gates.

‘ — Carbon Dioxide
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Internal Temperature

Relative Humidity
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Fig. 1. The diagram of the parameters of the
microclimate in selected flat with the air inflow through
the ventilating duct
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Fig. 2. The hourly diagram of microclimate’s parameters
in selected flat, in which users stuck some air grates

However, the air inflow occurred mostly through
ventilating duct in the bathroom. That was the
result of installing there two — functional stoves.
They provided enough quantity of the air, necessary
for gas combustion. This inflow was so large that
it made impossible using the bathroom and the
occupants stuck the inlets of ventilating ducts with
foil. An hourly diagram of parameters of the internal
microclimate for such flat is presented in Figure 2.
These conditions led to a large growth of carbon
dioxide concentration [up to the level of approx. 5000
ppm]. Even during the night these values didn’t drop
below the 2000 ppm. The relative air humidity grew
up quickly. It ranged from 70% to 90%.

To solve this problem in the investigated flats and
to — simultaneously — improve the microclimate
conditions, making additional openings was proposed.

Their diameter was that of f 120 mm was proposed for
the improvement of the microclimate in considered
flats. The openings had to be made in the external
walls to supply the external air. Also an aspiromatic
type devices on the outlets of ventilating ducts were
installed. After the work was completed, the correct
direction of the air flow in all ventilating ducts
occurred again. Unfortunately, when the temperature
fell below 0°C, the occupants noticed both: cooling of
the flats and too large speed of air inflow (the feeling
of draught). Considering the inhabitants safety and
comfort of their living condition, the previous state
was restored. The additional openings in internal
walls facing the staircase and situated in the direct
proximity of gas stoves were made. This resulted in
better ventilation. In that way, the air was initially
warmed instead of flowing directly from outside.
The diagram of the parameters of microclimate in
one of the selected flats where the above solutions
were tested is shown in Figure 3. The analysis of
this diagram shows, that there was the constant
internal temperature of +20 — +22°C. The relative
humidity did not exceed 65% which complied with
corresponding standards. Simultaneously, the carbon
dioxide concentration comprised on the level 700 —
1500 ppm. At some points it goes beyond 2500 ppm.
These are however temporary values, which do not
influence the health or the mood of occupants.
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Fig. 3. Weekly diagram of microclimate’s parameters
in selected flat, after installing additional inflow ducts
between the flat and the staircase

6. Analysis of the results

Observed irregularities are the result of the limited
inflow of the external air to flats. The air inflow is
indispensable for appropriate functioning of the
ventilation system. And, also for the proper gas
combustion in heating devices and stoves. This
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limited inflow is the consequence of unsuitable
balance of the air flows. Additionally, gas heating
devices disturb the proper functioning of ventilation
system in the building. The sudden growth of carbon
dioxide concentration is caused by an installment of
the two — functional stoves with the open combustion
chamber. After installment of this device, the sudden
growth in carbon dioxide concentration appears, and
turning back of duct in ventilating duct is observed.
Window untightness influences air exchange up to the
certain degree, too. The increase in the air inflow this
way is inadequate. The occupants, especially the ones
reluctant to their usage, should use it wisely. When
it comes to untightness of the windows, one should
accept the lack of control over the inflowing air stream.
The quantity of inflowing air does not depend on the
internal air parameters. Additionally, quick cooling of
the rooms occurs in winter. It was was particularly
burdensome after installing additional opening for air
supply, directly from outside. The usage of openings
through staircase for gas combustion in two —
functional stoves, decidedly improved the parameters
of internal microclimate. Yet, the microbiological
analysis of the air is still required.

7. Conclusions

Based on the results of this research, the following
conclusions may be drawn:

1. The quantity of ventilating air depends on external
climate; and in particular: the air temperature,
direction and speed of the wind.

2. Disorders of microclimatic conditions in flats with
tight casing and installed intakes appear on upper
storeys. They result in backward ducts and air
exchange.

3. Working gas stoves with open combustion chamber
make the proper work of ventilation’s system
difficult.

4. The appearance of heating device should depend
on additional separate duct. It should either supply
the air to this device or closed combustion chamber
should be used.

5. The size and the placement of intake openings
is important. Before making any decisions, the
following factors should be considered:

— placement of the flat,
— constructional possibilities,
— the demand for the air (balance).
Preliminary warming of ventilating air narrows
down the possibility of disturbance of internal
microclimate conditions.
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Warunki mikroklimatyczne w mieszkaniach
z dodatkowymi nawiewnikami powietrza
wentylacyjnego

1. Wstep

W ostatnim okresie projektanci i deweloperzy za-
czeli powszechnie stosowaé technologie dajace duze
oszczednosci energii potrzebnej do ogrzania budyn-
kow, m.in. szczelng stolarke oraz ocieplenie $cian
zewnetrznych styropianem. Uzyskano w ten sposéb
dobrze izolowane cieplnie budynki bez zapewnie-
nia naptywu niezbednej ilosci powietrza wentyla-
cyjnego, potrzebnego nie tylko ze wzgledow higie-
nicznych i bytowych, ale rowniez do spalania gazu
w piecach. Niewystarczajaca ilosS¢ powietrza nie-
zbedna dla proceséw spalania, ktore dostarczane
jest poprzez nawiewniki powietrza, oraz nieszczel-
nosci w obudowie zewngtrznej, uzupeiniona zostaje
w takim przypadku poprzez zjawisko wstecznego
ciagu w kanatach wentylacyjnych.

2. Wymagania norm krajowych

W Polsce wymagania dotyczace wentylacji
grawitacyjnej zawarte sg w trzech krajowych aktach
prawnych. W rozporzadzeniu w sprawie warunkow
technicznych, jakim powinny odpowiada¢ budynki
1 ich usytuowanie przedstawiono ogdlne wymaga-
nia dotyczace wentylacji. Natomiast szczegdtowe
wymagania dotyczace poszczegblnych rozwigzan
systemow wentylacji reguluje obowiazujaca juz od
ponad dwudziestu lat norma PN-83/B-03430 oraz
jej uzupetienie PN-83/B-03430:Az3:2000. Pow-
szechne watpliwosci budzi tutaj sposob okreslenia
zakresu wspotczynnika przenikania powietrza przez
okna oraz réznicy cisnien, dla ktérej podane sg jego
warto$ci. Wedtug obowiazujacych przepiséw przyj-
mowana jest warto$¢ Ap = 10 Pa, bez wzgledu na
warunki obliczeniowe oraz ksztalt czy wielkosé¢
budynku. Porownujac wymagania polskie z wymo-
gami innych krajéow nalezy stwierdzi¢, ze sg jed-
nymi z ostrzej postawionych przy jednoczesnym
braku powiazania ich z rzeczywiscie istniejgcymi
réznicami ci$nien.

3. Dwutlenek wegla wskaznikiem jakosSci powietrza

Zwiazek pomiedzy iloScig powietrza wenty-
lacyjnego a stezeniem dwutlenku wegla wewnatrz
pomieszczen jest od lat uznawanym i powszech-
nie stosowanym kryterium oceny jakos$ci powie-
trza. Obecnie jego warto§¢ waha sie w granicach
400 — 600 ppm. Obecne standardy dla powietrza
wewnetrznego zaktadaja dopuszczalny poziom
stezenia CO, na poziomie 1000 ppm.

4. Przedmiot badan

Przedmiotem badan byly typowe parametry mik-
roklimatu wewnetrznego, tj. temperatura i wilgotnos¢
powietrza, krotno$¢ wymian oraz stgzenie dwu-
tlenku wegla. Badania prowadzono w budynkach
mieszkalnych, 3- i 4-kondygnacyjnych, wielorodzin-
nych wykonanych w technologii tradycyjnej, wybu-
dowanych w latach 2000—2003. Budynki wyposazone
byly w kanatlowy system wentylacji naturalne;j.
W  mieszkaniach zainstalowane byly kuchenki
gazowe oraz piece dwufunkcyjne z otwarta komora
spalania, zasilane gazem ziemnym z sieci. Budynki
posiadaty $ciany zewngtrzne ocieplone styropianem
pokrytym cienkowarstwowym tynkiem mineral-
nym. Stolarke okienng o wspotczynnikach infiltracji
mniejszych niz 0,3 m?*/mhdaPa*® (wg danych produ-
centa) wyposazono w nawiewniki powietrza.

5. Wyniki pomiarow

W rozpatrywanych mieszkaniach w trakcie pomia-
row zanotowano bardzo duze zaburzenia w dziataniu
wentylacji grawitacyjnej zwlaszcza w mieszkaniach
zlokalizowanych na dwoch ostatnich kondygnacjach.
W kratkach wentylacyjnych zanotowano wsteczne
ciagi, a predkos$¢ nawiewu przy wylocie z kratki wen-
tylacyjnej wynosita nawet 1,15 m/s. Sytuacja byta
o tyle niekorzystna, iz przy temperaturze zewngtrznej
osiggajacej —10°C temperatura przy wylocie kratki
wynosita okoto +16°C. W trakcie korzystania z kuch-
ni gazowych oraz gazowych urzadzen grzewczych
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odnotowano bardzo szybki wzrost stgzenia CO, do
ok. 2200 — 3500 ppm.

Charakterystycznym  zjawiskiem niemal we
wszystkich badanych lokalach byt przemienny chara-
kter przeplywu strumienia powietrza wentylacyjnego
w kratkach, tzn. nawiew 1 usuwanie powietrza
odbywato si¢ naprzemiennie kratka w kuchni
1 tazience. Naptyw ten byt tak duzy, ze uniemozliwiat
swobodne korzystanie z tazienki i uzytkownicy
mieszkan zaklejali wloty kanatow wentylacyjnych
folig. Dzialania te doprowadzity do bardzo duzego
wzrostu stgzenia CO, do poziomu ok. 5000 ppm, ktory
nawet w okresie nocnym nie spadal ponizej wartosci
2000 ppm. Podobnie szybko wzrosta wilgotnos$c
wzgledna, ktora wahata si¢ pomiedzy 70% a 90%.

Dla poprawy mikroklimatu w rozpatrywanych
mieszkaniach zaproponowano wykonanie dodat-
kowych otwordéw o $rednicy ¢120 mm w $cianach
zewnetrznych, ktore doprowadzatyby dodatkowe
ilosci powietrza zewnetrznego, a na wylotach kanatow
wentylacyjnych zainstalowano urzadzenia typu aspi-
romatic. Po wykonaniu prac, we wszystkich kanatach
wentylacyjnych odnotowano prawidtowy kierunek
przeplywu powietrza. Niestety, w dniach, kiedy tem-
peratura zewnetrza spadata ponizej 0°C mieszkancy
zauwazyli nadmierne wychtadzanie mieszkan oraz
zbyt duze predkosci przeptywu powietrza (odczucie
przeciggu). Majac na uwadze komfort uzytkownikow
oraz ich bezpieczenstwo, przywrdocono stan poprzed-
ni. Jednoczesnie wykonano dodatkowe otwory
doprowadzajace powietrze wentylacyjne w Scianach
wewnetrznych wychodzacych na klatke schodowa
1 zlokalizowanych w bezposrednim sgsiedztwie
piecow gazowych. W ten sposéb do mieszkan, dla
potrzeb spalania gazu w piecach, doprowadzono
powietrze nie bezposrednio z zewnatrz lecz wstgpnie
ogrzane. Z analizy danych wynika, iz bez trudu
utrzymywano temperatur¢ wewnetrzng na pozio-
mie +20 — +22°C. Poziom wilgotnosci wzglednej
nie przekraczat 65% co odpowiada wymogom nor-
mowym. Jednoczesnie stgzenie CO, miescito sig
w przedziale 700-1500 ppm. Jedynie w kilku punk-
tach przekracza wartosci 2500 ppm, jednak s3 to
wartos$ci chwilowe, niemajace wptywu na zdrowie
1 samopoczucie mieszkancow.
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6. Analiza wynikow

Zaobserwowane nieprawidlowosci sa wynikiem
ograniczonego naptywu powietrza zewnetrznego do
mieszkan niezbednego do prawidlowego dziatania
systemu wentylacji oraz do wtasciwego przebiegu
procesu spalania gazu w urzadzeniach grzewczych
i kuchniach. Ograniczenie to jest konsekwencja
nieodpowiedniego zbilansowania przeptywow po-
wietrza. Zbyt male ilo$ci powietrza doprowadzanego
poprzez nawiewniki uzupetione zostaty powietrzem
czerpanym poprzez jeden z kanatléw wentylacyjnych.

7. Wnioski

1. Zaburzenia warunkéw mikroklimatycznych
w mieszkaniach ze szczelng obudowa i zamon-
towanymi nawiewnikami wystepuja szczegol-
nie na goérnych kondygnacjach i przejawiaja
sic wystepowaniem wstecznych ciggéw oraz
zmniejszeniem wymiany powietrza.

2. Zastosowanie piecOw grzewczych z otwartg
komorg spalania dodatkowo utrudnia dziatanie
systemu wentylacji.

3. Pojawienie si¢ urzadzenia grzewczego w miesz-
kaniu powinno by¢ uzaleznione od wykonania
osobnego kanalu, odpowiednio obudowanego,
doprowadzajacego powietrze do urzadzenia lub
zastosowania zamknigtej komory spalania.

4. Wielkos$¢ otworow nawiewnych i ich rozmiesz-
czenie ma decydujace znaczenie dla prawidlo-
wego dziatania wentylacji grawitacyjnej oraz za-
pewnienia wtasciwych parametrow mikroklimatu
wewnetrznego. Decyzja o wielkosci oraz roz-
mieszczeniu otworow nawiewnych powinna by¢
poprzedzona analiza:

— warunkow lokalizacyjnych mieszkania,
— mozliwosci konstrukcyjnych,
— zapotrzebowaniem powietrza (bilans).

5. Wstepne ogrzanie powietrza wentylacyjnego
ogranicza zaburzenia warunkéw mikroklimatu
wewnetrznego.
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THE ASPECT OF WASTE MANAGEMENT IN MAN STAR
TRUCKS&BUSES STARACHOWICE
WITH IMPLEMENTED ENVIRONMENTAL
MANAGEMENT SYSTEM

Abstract

The paper presents the industry waste management in Man Star Trucks&Buses Starachowice. Man Star Trucks&Buses
produces public transport buses. Since the turn of 2006/2007 the industry waste management has been implemented in
accordance with the Environmental Management System (EMS). The introduction of the EMS has contributed to positive

changes in waste management, both: in terms of environmental protection and the finances.

Keywords: Environmental Management System (EMS), industrial waste management

1. Introduction

EMS is part of the complete management system.
That includes: organizational structure, planning
activities, procedures, processes and resources
needed to develop, implement, review and maintain
environmental policy and the management of
environmental aspects.

The basic task of EMS is business in the field of
environmental protection [1]. It helps to prevent
the environmental problems by considering
environmental aspects in  planning, design,
production and maintenance. In addition, the EMS
forces to introduce organizational improvements.
That allows the maximize corrective actions. And, as
the consequence, to continuously reduce the negative
environmental impacts.

Entrepreneurs accomplishing the EMS use tools
associated with systemic approach to environmental
management, such as standards ISO 14001 and
EMAS.

1.1. Standard I1SO 14001

Environmental Management System certification
according to ISO 14001 in many cases is used to
evaluate potential business partner. The main task

of ISO 14001 is to support environmental protection
and pollution prevention in a way, which considers
the socio-economic needs. ISO 14001 contains
requirements, which can be objectively audited,
but do not include requirements of environmental
activity. ISO 14001 is intended for all organizations,
regardless of the type and size, and for use in different
geographical, cultural and social conditions [1].

1.2. Eco Management and Audit Scheme (EMAS)

The essence of the Eco-Management and
Audit System (EMAS), the EU’s environmental
management system, is looking for the possibilities
of minimizing the impact on the environment and
improving the efficiency of these activities [2].

EMAS registration [ 1] means that the organization has
an efficient environmental management system, which
significantly contributes to reduce operating costs, €.q.
waste disposal. In addition, EMAS registration makes
this organization competitive on the market. Eco-
Management and Audit Scheme [1] is a tool addressed
to all companies and institutions, that systematically
identify the environmental aspects. It helps to develop
and implement action plans which allow progressively
reduce their environmental impact.
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The most important is the international standard
ISO 14001, because it specifies a system by which
companies are implementing an environmental
management system [4].

The implementation of EMS based on the
requirements of ISO 14001 is regarded as a step
towards EMAS registration. Comparison of key
features and requirements of ISO 14001 and EMAS
are shown in Table 1.

Table 1. Similarites and differences between ISO 14001

and EMAS [1, 4]

RERIEIE ) 1SO 14001 EMAS
characteristics
Scope Worldwide EU
The first
environmental Voluntary Obligatory
report
The organization Cpmpllance Wlt.h
. applicable regulations
. should establish and .
Environmental | . of environmental
. implement a procedure .
Policy e protection; must be
for identifying legal and . ) .
- published in a ecological
other requirements
statement
Aims & Must be associated with | Should be defined by
Objectives the environmental policy | number and time limits
. Programs must be
Ecological ; Separate programs must
relevant to the aims and
Programs o be used for other tasks
objectives
In relation to
With regard to the the company,
organization, the communicating
EMS EMS and control with authorities and
documentation, requires shareholders, higher
continuous improvement requirements for
continuous improvement
Ecological Internal audits of system Assessment processes
. . in order to protect the
controlfinternal | in the voluntary control .
. environment, every
audits cycle
three years
Only an accredited
person or institution
. for the validation of
P By accredited :
Certification/ e ecological set up by
o certification institution/ o
Registration non-intemational reaist the authorities of the
gistry Member State, the
registration in the
register of EMAS
Formal A certificate issued Certificate of
confirmation by a certifying participation in EMAS
Additional Lack Higher requirements for
requirements employees

2. Man Star Trucks&Buses Starachowice

Man Star Trucks&Buses Starachowice produces
low-floor buses and articulated MAN. The company

54

provides components and body in a raw state, ie after
the coating process, sheeting process, and the initial
assembly in the courts and Salzgitter in Germany
[3]. Production capacity of this factory allows to
produce buses at the rate of 18 buses per day. Annual
production of buses in Starachowice reached 890 in
2006, and in 2007 — 956 [3].

3. Environmental Management System in Man Star
Trucks&Buses Starachowice

EMS was launched to implement the Man Star
Trucks&Buses at the turn of 2006/2007. In terms
of waste management it introduced new rules
aimed at protecting the environment. That included:
segregation of waste at its origin, minimizing the
effects of the waste (e.g. gradual abandonment of
the use of unnecessary packaging). Fulfillment of the
requirements and, as a consequence, the certification
of ISO 14001 standards was achieved on 30 October
2007 [3].

3.1. Waste management in the Man Star Trucks&Buses
Starachowice

The amount of waste generated in Man Star
Trucks&Buses depends on the number of produced
buses. The percentage of waste generated during
production of one bus in 2007 is shown in Figure 1.
Quantities of waste generated before the introduction
of EMS and in the first year of EMS operation are
shown in Table 2.

Fig. 1. The percentage of waste during production of one
bus in 2007 in Man Star Trucks&Buses [3]



@
| g an
THE ASPECT OF WASTE MANAGEMENT IN MAN STAR TRUCKS&BUSES STARACHOWICE WITH IMPLEMENTED... env I r@n mnt

Table 2. Quantities of waste produced in Man Star
Trucks&Buses [3]

Quantity [Mg

Wastes 2005y. | 2006y. | 2007 y*
stored waste e.g. remains oils,| 144.1 66.8 82.62
cooling fluids
waste for reused e.g. coloured | 141.34 24745 | 34218
strap
waste for reused e.g. waste| 411.63 4451 434.86
paper, foil
wood waste: sawdust, shavings 314.8 263.16 | 335.10
Scrap 2500.9 2772.5 | 3357.07
Total 3512.77 | 3795.01 | 4551.83

* the first year of EMA implementation

3.1.1. Changes of waste management

Environmental Management System, introduced in
Man Star Trucks&Buses contributed to changes in
waste management (Table 3).

Table 3. Changes due to the introduction of the EMS [3]

Before the introduction

Following the introduction of EMS

quantities of waste
containers, the lack of

of EMS
Lack of proper waste Introduced waste segregation
segregation
Lack of sufficient Waste containers were purchased

and made a sign of waste, ie waste
code designation

signs

Lack of staff awareness Introduced staff training on

on environmental environmental protection, leaflets

protection are distributed among employees on
the EMS

Lack of waste press Purchased a waste press; decreased

volume of waste stored

Failure to minimize the
impact of waste

Separate waste at source
Renounced unnecessary packaging

Poor conditions of
storing waste

Introduced to improve conditions
for the storage of waste (storage
expansion)

The large emissions of
glue during the pegulan
gluing*

Change of gluing technology

Alarge quantity of
paint consumed in the
process of painting
buses

Purchased a device for cathode
surface coating

* waste generated during gluing inside the bus.

3.1.2. Collection and storage of waste

In the company a selective collection of municipal
and industrial waste was carried out [3]. At the
workstations municipal waste containers and process
waste containers (tight pallet or a mesh pallet,
liquid waste tanks with capacity of 1 m?) are placed.

Waste containers are marked with a code of waste
in accordance with [5]. Municipal waste is collected
in containers with a capacity of 5.0 m?® located near
production facilities and office space. Process wastes
are segregated, compacted, weighed, and picked up
by an external company. Scrap metal is collected in
six containers (with a capacity of 5 cubic meters)
located in the waste store. Scrap metal is collected by
type: copper, brass, stainless steel [3].

Fig. 2. Management of industrial waste in Man Star
Trucks&Buses [3]

Fig. 3. Management of scrap in Man Star Trucks&Buses [3]

3.1.3. Recycling Waste

The introduction of EMS in Man Star Trucks&Buses
helped to carry out the following recycling of waste [3]:
1) wood — used pallets, plywood scrap, sawdust — are
sold to employees of Man Star Trucks&Buses;

2) scrap steel and color — galvanized steel, chrome,
copper, aluminum, —are sold to the outside company;

3) waste paper — cartons — are sold to the outside
company;

4) electronic equipment — broken electronic equipment

— to be cast outside recycling company.

Man Star Trucks&Buses makes profit by recycling
of electronic wastes. The outside company pays 50-
70% of the value of broken electronic equipment.
Wastes are transported every two months [3].
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Fig. 4. The quantities of secondary raw materials used in
Man Star Trucks&Buses

3.1.4. Waste Treatment

Production waste is utilized oft-site. The types and
quantities of recycled wastes are shown in Figures 5 — 6.

Fig. 5. Non — hazardous wastes recycled in 2007 [3]

Fig. 6. Hazardous waste recycled in 2007 [3]
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3.1.5. The costs of waste management

In 2007, 4551.83 Mg of waste was generated by
Man Star Trucks&Buses. The company sold 3575.83
Mg of waste. The win amounted to 4582845 PLN.
Directed to disposal 1496 Mg of waste, incurring the
cost of 668385 PLN [3].

Fig. 7. Waste disposal costs in the first year of EMS [3]

Fig. 8. Profits from the sale of scrap in 2007 [3]

Fig. 9. Profits from the sale of recyclable materials
in 2007 [3]
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4. Conclusions

1. The implementation of the EMS in Man Star
Trucks&Buses Starachowice favorably affected
the industrial waste management.

2. In the first year of operation of the Environmental
Management System more than three fold increase
in the amount of waste used as compared to 2005.

3. Wood wastes and steel scrap are the main raw
materials used in Man Star Trucks&Buses
Starachowice.

4. Expenditures during implementation of the
Environmental Management System were returned
in about 4%, in the year of 2007. The biggest
profits were made by sale of waste paper and wood
wastes.

Jolanta Latosinska
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Gospodarka odpadami
w Man Star Trucks&Buses Starachowice
w aspekcie wdrozonego Systemu
Zarzadzania Srodowiskowego

1. Wstep

System Zarzadzania Srodowiskowego (SZS) stano-
wi czes$¢ ogolnego systemu zarzadzania. Podstawowe
zadania stawiane przed SZS to sterowanie dziatania-
mi Srodowiskowymi i kontrolowanie funkcjonowania
przedsiebiorstwa w obszarze ochrony srodowiska [1].
System Zarzadzania Srodowiskowego pomaga zapo-
biega¢ powstawaniu probleméw S$rodowiskowych
poprzez uwzglednienie zagadnien $rodowiskowych
w sferze planowania, projektowania, produkcji oraz
w pracach serwisowych. SZS wymusza wprowadze-
nie udoskonalen organizacyjnych, pozwalajacych na
maksymalne ograniczenie dzialan korygujacych na
rzecz dzialan prewencyjnych oraz prowadzenie pro-
cesu ciaglego zmniejszania negatywnego oddziaty-
wania na $rodowisko. Przedsigbiorcy realizujacy SZS
moga korzysta¢ z wielu narzedzi zwiazanych z syste-
mowym podej$ciem do zarzadzania srodowiskowego
np. normy [SO 14001, system EMAS.

Podstawowym zadaniem normy ISO 14001 jest
wspomaganie ochrony srodowiska i zapobieganie za-
nieczyszczeniom w sposob uwzgledniajacy potrzeby

spoteczno-ekonomiczne. Norma ISO 14001 zawiera
wymagania, ktore moga by¢ w sposob obiektywny
audytowane, jednak nie zawiera wymagan dotycza-
cych efektow dzialalnosci Srodowiskowej. Norma
ISO 14001 przeznaczona jest dla wszystkich orga-
nizacji, niezaleznie od rodzaju i wielkosci, oraz do
stosowania w réznych warunkach geograficznych,
kulturowych i spotecznych [1].

Istota Systemu Ekozarzadzania i Audytu EMAS
jest poszukiwanie mozliwo$ci minimalizacji oddzia-
lywania prowadzonej dziatalnosci na s$rodowisko
oraz podnoszenia efektywnosci tej dziatalnosci [2].

Rejestracja w systemie EMAS [1] oznacza, ze orga-
nizacja posiada sprawny system zarzadzania $rodo-
wiskowego, ktory znaczaco przyczynia si¢ do obnize-
nia kosztow dziatalno$ci, wplywajac jednoczesnie na
wzrost konkurencyjnosci takiej organizacji na rynku.

Najwazniejsza jest norma miedzynarodowa ISO
14001, poniewaz okresla system, wedlug ktorego
przedsigbiorstwa wdrazajg system zarzadzania $ro-
dowiskowego [4]. Wdrozenie SZS w oparciu 0 wy-
magania normy ISO 14001 traktowane jest jako krok
w kierunku rejestracji w systemiec EMAS.
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2. Man Star Trucks&Buses w Starachowicach

Man Star Trucks&Buses w Starachowicach pro-
dukuje niskopodtogowe autobusy komunikacji miej-
skiej oraz przegubowe MAN. Firma dostarcza kom-
ponenty i nadwozia w stanie surowym tzn. po proce-
sie lakierowania, oblachowania, wstgpnego montazu
do zaktadow w Sadach i Salzgitter w Niemczech
[3]. Zdolnosci produkcyjne starachowickiej fabryki
pozwalaja na wyprodukowanie 18 sztuk autobusow
dziennie. Roczna produkcja autobusow MAN Star
Trucks&Buses w Starachowicach w 2006 roku wy-
nosita 890 sztuki, w 2007 roku — 956 [3].

3. System Zarzadzania Srodowiskowego w Man Star
Trucks&Buses w Starachowicach

System Zarzadzania Srodowiskowego rozpoczeto
wdraza¢ w Man Star Trucks&Buses na przetomie
roku 2006/2007. W zakresie gospodarki odpadami
wprowadzone nowe zasady, majace na celu ochrone
srodowiska, obejmowaly m.in.: segregacje odpadow
u zrodta ich powstania, minimalizowanie skutkow
powstawania odpadow. Certyfikat wg Normy ISO
14001 uzyskano 30 pazdziernika 2007 roku [3].

W 2005 roku wykorzystano 90 Mg odpadéw prze-
mystowych, a unieszkodliwiono 500 Mg. W pierw-
szym roku funkcjonowania SZS (2007 t.) liczba od-
padow przemystowych wykorzystanych wyniosta 350
Mg, a unieszkodliwionych 60 Mg [3].

W przedsigbiorstwie realizowana jest selektywna
zbidrka odpadow poprodukcyjnych i komunalnych
[3]. Na stanowiskach pracy rozmieszczone sg pojem-
niki na odpady komunalne oraz pojemniki na odpady
poprodukcyjne. Pojemniki na odpady oznaczone sa
kodem odpadéw zgodnie z [5]. Odpady komunalne,
do czasu odbioru zbierane sa3 w kontenerach o po-
jemnosci 5,0 m* rozmieszczonych na terenie zaktadu.
Odpady poprodukcyjne sa segregowane, prasowane,
wazone, a nastepnie odbierane przez firme zewngtrz-
ng. Zlom zbierany jest do 6 konteneréw ustawionych
w magazynie odpadow. Ztom zbierany jest wedlug
rodzajow, tj.: miedz, mosiadz, stal nierdzewna [3].

Wprowadzenie SZS w Man Star Trucks&Buses
przyczynito si¢ do realizowania recyklingu nastepu-
jacych odpadow [3]:

1) drewno — zuzyte palety, Scinki sklejek, trociny; sprze-
dawane pracownikom Man Star Trucks&Buses;

2) ztom stalowy i kolorowy — gléwnie blachy ocyn-
kowane, chrom, miedz, aluminium; sprzedawane
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zewnetrznej firmie;

3) makulatura — opakowania tekturowe; sprzedawana
firmie zewnetrznej;

4) sprzet elektroniczny — zepsuty sprzet elektronicz-
ny; oddawany do recyklingu firmie zewnetrzne;.

Dzieki recyklingowi przedsigbiorstwo pozyskuje
fundusze, m.in. na zakup nowych czesci. Firma ze-
wnetrzna odbierajaca sprzet elektroniczny ptaci 50-
70% ich wartosci. Wywoz odpadow odbywa sie co
dwa miesiace [3].

Odpady poprodukcyjne powstajace w Man star
Trucks&Buses kierowane sa do utylizacji poza za-
ktadem.

W 2007 roku w Man Star Trucks&Buses powstato
4551,83 Mg odpadéw. Sprzedano 3575,83 Mg odpa-
dow. Uzyskano 458 2845 zt przychodu. Zysk ze sprze-
dazy surowcow wtornych to suma kwot: 1 568,00 zt
(folia), 11 382,00 zt (makulatura), 1 631,00 zt (to-
nery), 5 175,00 zt (drewno), 1 662,00 zt (olej prze-
pracowany), 5 340,00 zt (opakowania metalowe),
1 341 781,70 zt (ztom stalowy), 919 562,76 zt (ztom
zeliwny), 2 294 441,60 zt (ztom kolorowy) [3].

Do utylizacji przekazano 1 496 Mg odpadéw po-
noszac koszt 668 385,00 zt [3]. Sume kosztow uty-
lizacji odpadéw w pierwszym roku funkcjonowania
SZS tworzyly koszty utylizacji odpadéw poproduk-
cyjnych (531 292,73 zt), koszty utylizacji odpadow
komunalnych (137 092,77 zt) oraz koszty pomiarow
i badan (20 386,31 zt).

4. Wnioski

1. Wdrozenie Systemu Zarzadzania Srodowiskowe-
go w Man Star Trucks&Buses Starachowice ko-
rzystnie wptyneto na gospodarke odpadami popro-
dukcyjnymi.

2. W pierwszym roku funkcjonowania Systemu Zarza-
dzania Srodowiskowego uzyskano ponad 3-krotny
wzrost iloéci odpadow wykorzystanych w porowna-
niu do ilo$ci wykorzystywanych w roku 2005.

3. Drewno i ztom stalowy to gtowne surowce wtorne
wykorzystane w Man Star Trucks&Buses Stara-
chowice.

4. Naktady poniesione na wprowadzenie Systemu
Zarzadzania Srodowiskowego zwrocily sie w oko-
to 4% w 2007 roku. Najwieksze zyski osiagni¢to
ze sprzedazy makulatury oraz drewna.
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CALCULATION OF TEMPERATURE
IN VENTILATING ROOF SPACE

Abstract

Condensation is a problem in the roof space. The solution to this problem is an air — hole in the roofing. We can calculate
the air temperature in the roof space with equations found in literature. The modified equations are presented in this

article. They take the air — hole area into consideration.

Keywords: ventilating roof space, air grates, moisture condensation

1. Introduction

In ventilating roof space the temperature is constantly
changing. It depends on weather conditions and air
grates size [1]. This situation has an influence on
humidity in the flat — roof. One of the consequences
might be the condensation of moisture.

We suggest the modified calculation method, in which
an internal temperature and hipped roof temperature is
considered.

2. Subject of an analysis

The analysed roof is equipped with eight air grates.
Air grate size is equal to 0.15 x 0.21m. Roof inclination
is 20°. Roofing is made of galvanized steel.

Fig. 1. Scheme of the roof space

Analyzed roof was located in Kielce. The ceiling
surface is 286.5 m?, while the roofing surface
is 315.8 m2 Heat transfer coefficient is equal to

0.32

During the measurement the air grates were covered
and uncovered.

3. The analysis of the results of measurement
and calculations

During the measurement the external air humidity
was changing (Fig. 2). The average internal humidity
was 56%. After uncovering the air grates it equalled
76%.

Fig. 2. External air humidity
During the analysis of internal air humidity (Fig. 3)
its average value was 75%. After uncovering the air

grates it equalled 76%.
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Fig. 3. The internal air humidity

In spite the low humidity of external air, the hu-
midity of internal air was high. Its value was almost
the same when the humidity of external air was high
but the air grates were covered. We can conclude
that when the humidity of external air is high and the
air grates are uncovered, the humidity of internal air
increases. As a result of this condensation can occur.

Fig. 4. Temperature of internal air

The average value of the temperature in the roof
space was 3.8°C. After the air grates were uncovered
the temperature increased to 5.9°C.

4, Calculation and analysis
The calculation of the temperature in the roof space
was made using the formulas from the literature [2].
Steady — state temperature in some distance from
inflow — grate is given by:

_ U, -t,+U, t, [°C]

1
U, +U, M

st
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where: U, — heat transfer coefficient of the ceiling,
U, — heat transfer coefficient of the roofing surface,
¢, — temperature of internal air, 7, — temperature of
external air.

t, =311]c]

The above formula does not take into account the
surface of inflow — grate. The new formula, where
this parameter is considered, is proposed.

The air velocity inside roof space is much lower
than wind velocity. So we can presume that pressure
of internal air is the same barometric pressure (stati-
cal). Therefore pressure loss is equal to:

Ap,, =K1-%-pN[Pa] @)

where: K| — aerodynamic coefficient, v — external air
velocity, p,, — air density.

On the basis of above-mentioned the modified for-
mula is proposed:

v kg
Gy=uy Fy- 2-K1-7-pi,|:— ®)

S

where: [ — spreading of inflow air coefficient, F| —
inflow — grate surface, K| — acrodynamic coefficient,
v — external air velocity, p, — air density.

k k
G, = o.oo{-g} - 3.71[—’5}
S h
Now the calculation of air temperature in roof space
is given by:
U E-t+U, Fot,+¢, -Gy,

1 1 1

I =
PR AU Fre, G

[c] @

where: U, — heat transfer coefficient of the ceiling, U,
— heat transfer coefficient of the roofing, #, — internal
air temperature, ¢, — external air temperature, F, —
ceiling surface, F,—roofing surface, C, — specific heat

of air, G, — air stream.
t,=3.0[c]

When the temperature is calculated and the humid-
ity is measured the dew point may be determined
(Mollier graph) ¢, = -0,1°C.

The next step is calculation of the roofing surface
temperature:
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U, o
o =t~ (=) €] (5)
where: o — heat transfer coefficient.
f =23[C]

Because the roofing surface temperature is higher
than the dew point, the moisture will not condense.

The calculated values were compared against the
measured ones. The calculated and measured temper-
atures were similar. The average measured tempera-
ture was 3.08°C. While carrying out this experiment
we didn’t notice any condensation. It may confirm the
correctness of the formulas used.

Ewa Zender-Swiercz
Jerzy Zb. Piotrowski

5. Conclusions

The proposed method of calculation makes it possi-
ble to determine the internal temperature in roof space.
It includes the inflow — grates surfaces. Additionally,
the temperature of roofing surface may be calculated.
It enables to estimate the moisture condensation.
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Obliczanie temperatury powietrza
w przestrzeni dachow wentylowanych

1. Wstep

W przestrzeni dachéw nastgpuje ciaglta zmiana
temperatury powietrza uzalezniona od warunkow ze-
wnetrznych oraz wielko$ci otworéw wentylacyjnych.
To bezposrednio oddialywuje na stan wilgotno$ci
w przestrzeni stropodachu, a w konsekwencji na
mozliwo$¢ wykraplania pary wodne;.

W artykule zaproponowano metodyke obliczenio-
wa temperatury w przestrzeni dachu wentylowanego
oraz temperatury potaci dachowej. Ponadto oblicze-
nia zweryfikowano wykorzystujac badania wstepne.

2. Przedmiot analizy

Dach poddany analizie wyposazony byl w osiem
kratek wentylacyjnych o wymiarach 0,15 x 0,21 m.
Nachylenie dachu wynosito 20°. Pokrycie wykonano
ze stali ocynkowane;.

Analizowany dach zlokalizowany byt w Kielcach.
Powierzchnia stropu wynosita 286,5 m? natomiast
potaci dachowej 315,8 m?. Wspotczynniki przenikania
ciepta wynosza odpowiednio:

W \%%
032 —— oraz5 ——
m - K

m-K

Podczas analizy dokonano pomiaréw przy osto-
nigtych 1 odstonietych kratkach wentylacyjnych

w celu okreslenia czy w warunkach rzeczywistych
wentylacja przestrzeni dachowej zmniejsza wilgot-
no$¢ powietrza.

3. Analiza wynikow pomiarow

Podczas wykonywania pomiarow wilgotnos¢ po-
wietrza zewnetrznego ulegla zmianie. Srednia war-
to$¢ mierzonego parametru, gdy otwory wentylacyj-
ne byly zastoniete wynosita 56%. Natomiast po od-
stonieciu kratek wynosita 76%.

Srednia warto$¢ wilgotnosci powietrza w przestrze-
ni dachu wyniosta 75%, gdy zastonieto otwory wen-
tylacyjne oraz 76% gdy kratki byty odstoniete.

Wilgotno$¢ powietrza w przestrzeni dachu jest nie-
mal taka sama przy nizszej wilgotnosci powietrza ze-
wnetrznego i zastonigtych otworach wentylacyjnych
jak przy wyzszej wilgotnosci zewnetrznej, ale otwar-
tych otworach wentylacyjnych. Mozna wnioskowac,
iz w przypadku wickszej wilgotnosci powietrza ze-
wnetrznego przy zaslonigtych kratkach wentylacyj-
nych wilgotno$¢ powietrza w przestrzeni dachu nie-
bezpiecznie wzrosnie.

Srednia temperatura w przestrzeni dachu wynosita
3,8°C. Natomiast po zastonigciu otworéw wentyla-
cyjnych wartos¢ parametru wzrosta do 5,9°C.
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4. Obliczenia i ich analiza.

Wykonano obliczenia temperatury w przestrzeni
stropodachu w oparciu o sformulowane w literaturze
WZOory.

Ustalona temperatura powietrza w pewnej odleglo-
$ci od wlotu powietrza wyniosta 3,11°C

Dostepne w literaturze wzory nie uwzgledniaja po-
wierzchni kratek nawiewnych w okresleniu tempe-
ratury w przestrzeni dachu dlatego zaproponowano
wzor, w ktorym wielkos¢ ta wystepuje.

Uzyskano nastepujacy wzor pozwalajacy obliczy¢
strumien powietrza doplywajacego do przestrzeni

dachu:
2
v kg
Gy=ny Fy-42-K, TPJ%/ |:_}
S

Obliczona wartos¢ wedlug powyzszego wyniosta
3,71 kg/h.

Dla obliczonego strumienia powietrza mozna obli-
czy¢ temperatur¢ powietrza w przestrzeni dachu:

U-E-t+U F -t +c -Gyt
{ = [ ' e “e e cp N e[oc]
P U FAU 4, G,

Obliczona temperatura powietrza wyniosta 3°C.
Dla obliczonej warto$ci temperatury oraz zmie-
rzonej wilgotnosci powietrza w przestrzeni dachu

62

odczytujemy (wykorzystujac wykres h — X) tempe-
raturg punktu rosy £, = -0,1°C.

W kolejnym kroku obliczono temperature po-
wierzchni dachu, ktéra wyniosta 2,5°C.

Temperatura powierzchni dachu jest wyzsza od
temperatury punktu rosy stad na podstawie obliczen
mozna stwierdzi¢, iz nie bedziemy mie¢ do czynienia
z wykraplaniem wilgoci.

Poréwnujac wartosci obliczone wg wzordw
z wielkosciami mierzonymi w obiekcie rzeczywi-
stym okazalo si¢, iz temperatury obliczone obiema
metodami byty zblizone do wartos$ci wskazanej przez
mierniki. Srednia warto§¢ zmierzona temperatury
wyniosta bowiem 3,08°C.

Ponadto podczas wykonywania badan nie zaobser-
wowano wykraplania wilgoci co moze potwierdzac
stuszno$¢ wzordw.

5. Wnioski

Zaproponowana metoda umozliwia obliczenie tem-
peratury powietrza w przestrzeni dachu wentylowa-
nego z uwzglednieniem powierzchni otworéw wen-
tylacyjnych. Dodatkowo mozna obliczy¢ temperature
powierzchni potaci dachowej co pozwala na okreslenie
zagrozenia skraplaniem si¢ pary wodne;.

Porownanie zaproponowanej metodyki ze stosowa-
nymi obecnie wzorami nie rozstrzyga jednoznacznie
uzytecznosci wzoréw zatem potrzebne sg dalsze ba-
dania terenowe w celu weryfikacji obliczen.
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