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Strength and durability characteristics of concretes
with crushed side window glass as partial aggregate

substitution

Bogdan Langier1, Jacek Katzer2, Maciej Major3,
Jacek Halbiniak4, Izabela Major5

Abstract: Taking into account the numerous previous attempts to use waste glass for concrete pro-
duction, an approach was proposed based solely on car side window glass waste. Only side window
waste emerging during the production of car side windows was used during the research program. In
this way, all key properties of the waste glass were under control (purity, granulometric properties,
etc.). Two types of concretes with crushed side window glass, playing the role of coarse aggregate,
were created. Concretes were di�erentiated by the amount of added crushed side window glass, which
replaced 10�50% of the natural aggregate. Created concretes were thoroughly tested in the state of
both a fresh mix and hardened composite. Consistency and air content of fresh mixes were tested.
Slump was ranging from 15 mm to 20 mm and air content was ranging from 2.5% to 3.1%. Hardened
composites were used to test apparent density, compressive strength, water absorption, water-tightness
and resistance to freeze�thaw cycles. It was proven that concrete with side window glass as partial
aggregate substitution is characterized by satisfactory mechanical properties (compressive strength af-
ter 28 days of curing was ranging from 51.9 MPa to 54.7 MPa), enabling its application as ordinary
structural concrete. Properties of both fresh concrete mixes and hardened concretes based on crushed
side window glass are similar to a reference concrete. It was proved that it is possible to replace up to
50% of natural coarse aggregate by crushed side window glass. Possible applications of the concretes in
question were proposed. Experience gained during the research program is likely to be useful for tests
of using crushed side window glass sourced from decommissioned cars and trucks. Areas where future
research is needed are indicated.
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1. Introduction

Modern concrete was born in 1820s when industrial scale production of Portland ce-
ment was started. Over last 200 years, the production of both cement and concrete was
growing steadily imposing larger and larger pressure on natural environment. Currently,
global production of concrete surpassed one cubic meter per person per year [1, 2]. This
situation causes numerous environmental problems associated both with cement produc-
tion and aggregate acquisition. Deposits of natural aggregates shrink and at the same time
increasing amounts of industrial waste are being stored in land�lls. Over last 40 years, vast
number of research programs was conducted aiming to utilize numerous waste materials
for concrete production. Traditional, three ingredients (natural aggregate, cement, water)
ordinary concrete, gradually become a multi-material composite. Such waste materials as
�y ash [3], post metallurgical slag and sludge [4], silica fume [5], waste sand of di�er-
ent origin [6], crushed red and white ceramics [7], recycled old concrete [8], waste steel
�ber [9] and pet �akes [10] were used to modify concrete mixes. Di�erent researchers
have also successfully experimented with using locally available waste materials, such
as marble sludge [11], marble dust [12], ceramic [13], rice husk [14], volcanic ash [15],
waste glass powder [16], pumice powder [15], wastes from the production of mineral
wool [17] and sea shells from mussels [18] for cement production. One of such locally
available waste material which could be utilized as an aggregate for concrete is glass of
di�erent types and origins. In the USA alone, over 9.2 million tonnes of di�erent types
of glass is being discharged as municipal waste every year [19]. On the other hand, glass
production uses signi�cant volumes of natural resources. Around 1.73 kg of raw material
and 0.15 m3 of water is needed for the production of 1 kg of sheet glass. The majority of
the waste glass is mixed and contains impurities. Therefore, its e�cient recycling is dis-
abled. One should also remember that based on composition, waste glass can be classi�ed
as: vitreous silica, alkali silicates, soda-lime glass, borosilicate glass, lead glass, barium
glass, aluminosilicate glass, etc., which additionally complicates the possible process of
recycling. Since the 1960s [19], many research programs were focused on using crushed
glass as aggregate for concrete production. The outcomes of these research programs were
unsatisfactory. The in�uence of quality of used waste glass on properties of cast con-
cretes proved to be high. Moreover, the achieved concretes were characterized by high
brittleness and they were prone to cracking. These obstacles prevented the introduction of
such concretes to the construction industry. Many research teams directed their e�orts to
modify cement by glass powder [20, 21]. Using waste glass powder, instead of crushed
glass, enables much higher homogeneity of utilized waste material [22, 23]. However, ex-
tra energy is needed to make powder from crushed glass. In the authors’ opinion, many
technological problems associated with using crushed glass as aggregate are caused by
the quality of waste material. Using only one type of locally available glass would en-
able production of concretes with predictable and uniform mechanical characteristics. In
Authors’ opinion car side window glass represents such opportunity. Windscreen glass
as internally glued adheres together after breaking and was rejected from the research
program.
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Old decommissioned cars are transported to local disassembly stations. Signi�cant part
of demounted parts is being sold. Car bodies go to ironworks. Old tires are transported
to recycling centers where they are transformed into rubber granulate and steel �ber. Side
window glass is usually crushed during the demounting process and litters the grounds
of a disassembly station. Moreover, there are no collection points for such type of glass.
In authors’ opinion side window glass should be demounted in a more controlled way
and used for production of an aggregate. Car disassembly stations are scattered all over
the world and can serve as a source of a locally available waste aggregate. Side window
removed from an old car is easily transformed into waste aggregate using basic ball mill.
By changing the length of grinding coarse or �ne aggregate is achieved. Keeping above
facts in mind the authors decided to focus their research e�ort on using waste glass
created during the production of side windows. Such waste is inevitable but creates very
interesting opportunities. The waste is pure, of the same chemical characteristics, and one
have full control of its granulometric properties. The research program presented in this
paper focused on using large volumes of such waste glass to replace natural aggregate. The
novelty of the proposed approach is based on using locally available crushed side window
glass. In the authors’ opinion, the concrete industry should be decentralized to achieve full
sustainability. During the current research program the idea of waste aggregate sourced
from crushed side window glass was developed. The properties of hardened concretes were
thoroughly examined. It was proven that waste side window glass is a viable solution as
a replacement of natural aggregate and the achieved concretes can be utilized as structural
building material.

2. Design of experiment

The research program was divided into four main stages. During the �rst stage, the
properties of aggregates and aggregate mix compositions were of interest. Three natural
aggregates were used to achieve the optimum aggregate mix. Subsequently, the aggregate
mix was modi�ed by partially replacing coarse aggregate with crushed side window glass
and by adjusting the amount of sand. Altogether, seven aggregate mixes were chosen for
further research. During the second stage, concrete mixes characterized by a w/c ratio of
0.5 were created. Concrete mixes were based on the aggregate mixes and modi�ed by su-
perplasticizer. Consistency and air volume in the fresh mixes were tested. Both tests served
as quality control of the created concretes. The third stage was solely dedicated to hardened
concrete. Two types of cube specimens (150 � 150 � 150 mm and 100 � 100 � 100 mm)
were cast and cured. Curing took place in a water tank with a temperature of 20�C �0�5�C.
For each mix, 13 specimens with a size of 150�150�150mm and 12 specimens with a size
of 100 � 100 � 100 mm were cast. The apparent density of hardened concrete, compres-
sive strength, water absorption and watertightness were tested using 150 � 150 � 150 mm
cube specimens. Apparent density (as a non-destructive test) was tested using all 12 cube
150�150�150 mm specimens of each type of cast concrete. Subsequently, the specimens
were utilized for other (destructive) tests. Five were used for compressive strength test.
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Three were used for water absorption tests and depth of water penetration. The remaining
two specimens were used during the fourth stage of the research program for analysis of
internal structure of a hardened concrete. The watertightness was tested for 72 hours while
keeping the specimens under water pressure of 0.5 MPa. The surface exposed to water
pressure was hammered (in order to remove cement slurry). After the test, specimens were
split and the depth of water penetration was assessed. Resistance to freeze�thaw cycles
was tested using 100� 100� 100 mm cube specimens. The cycles were realized according
to PN-88/B-06250 [24]. The specimens were frozen in air conditions at a temperature of
�20� C for 4 hours. Subsequently the thawing process was initiated using warm water
(temperature of ‚20�C) for 4 hours. Altogether, 100 cycles were executed (3 cycles per
day) lasting 33 days and 8 hours. The last stage of the research program was focused on
studying the internal structure of the hardened concretes using digital image analysis.

3. Used aggregates

During the research program, four types of aggregates were used: sand (S), coarse
aggregate 1 (CA1), coarse aggregate 2 (CA2) and recycled aggregate from crushed side
window glass (CWG). Sand, coarse aggregate 1 and coarse aggregate 2 were of natural
postglacial origin [25, 26]. The recycled aggregate from crushed side window glass was
obtained from the local producer of car side windows and windscreens. The side windows
used for creation of the CWG were discarded during the last phase of the quality control
process. For the purpose of the research program, the side windows were manually crushed
into smaller pieces using traditional hammers. Smaller pieces were placed in a basic
laboratory ball mill. The mill was characterized by volume and rotation speed of 44 dm3

and 52 rev./min. respectively. By controlling the length of grinding coarse or more �ne
particles were achieved. Finally the grinded CWG was sieved to divide it into fractions.
Images of raw CWG inside ball mill (just after opening the mill) and CWG divided into
fractions are presented in Fig. 1.

Fig. 1. CWG inside ball mill (left) and CWG divided into fractions (right)
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The chemical composition of CWG was tested using ordinary SEM/EDS methodol-
ogy. The average composition was as follows: O = 46.91%, Si = 27.54%, Na = 10.76%,
Ca = 8.50%, Mg = 2.50%, Al = 2.01%, Fe = 0.87%, K = 0.39%, C = 0.34%, S = 0.18%.
The density of CWG was established using traditional Le Chatelier’s �ask procedure.

Granulometric properties of all aggregates were tested using rectangular sieves with
openings from 0 to 16 mm. The sieve analysis was conducted according to PN-EN 933�
1:2012 [27]. The median diameter (3<” was calculated for all aggregates in question
according to the methodology described in [28]. The �neness moduli (by Kuczy«ski * ,
by Abrams *� and by Hummel *� ” used in di�erent countries were also calculated
for the aggregates in question. The density (d”, loose bulk density (d;1” and compacted
bulk density (d21” of the aggregates were tested according to EN 206-1 [29]. Finally,
the Los Angeles abrasion test was conducted for natural coarse aggregates according to
PN-EN 1097-2:2020-09 [30]. Aggregate resistance category LA30 according to PN-EN
12620‚A1:2010 [31] can be assigned to both natural coarse aggregates. The results of the
aggregates’ tests are summarized in Table 1.

Table 1. Sieve analysis and densities of used aggregates

Fraction[mm]
Type of aggregate

S CA1 CA2 CWG
[%]

0.000�0.063 0.5 0.1 0.5 0
0.063�0.125 2.7 0.1 0.4 0
0.125�0.250 18.5 0.1 0.5 0
0.250�0.500 45.4 1.7 0.5 0
0.500�1.000 25.4 6.0 0.5 0
1.000�2.000 6.2 13.0 1.6 0.7
2.000�4.000 1.3 39.0 6.9 55.7
4.000�8.000 0 32.7 22.6 42.2
8.000�16.000 0 7.3 66.5 1.4

[mm]
3< 0.406 3.487 8.000 3.770
* 3.163 6.157 7.445 6.443
*� 2.091 5.076 6.360 5.361
*� 62.890 152.710 191.350 161.290

[kg/m3]
d 2650 2650 2650 2560
d;1 1505 1657 1415 1345
d21 1653 1781 1582 1464

[%]
Los Angeles n/a 29.7 n/a
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4. Process of composing aggregate blends

The process of achieving the best aggregate blend was conducted experimentally using
only natural aggregates. Initially, CA2 was blended with CA1. The CA1 was dosed to CA2
as long as the compacted bulk density of the aggregate blend was getting higher. After
reaching the certain (optimal) proportion of CA1 and CA2, the compacted bulk density
of the aggregate blend was getting smaller. The peak of the compacted bulk density was
recognised as the most dense aggregate blend. Subsequently the optimal blend of CA1
and CA2 was blended with sand using the same methodology. The peak of the compacted
bulk density of the three aggregates was recognized as the most dense aggregate blend.
This aggregate blend was used to create the reference concrete (R). The granulometric
properties of CWG were similar to CA1; thus, during the process of composing the ag-
gregate blend, CWG was used to replace CA1. The amount of replaced CA1 was equal to
10, 30 and 50% (by weight) and the modi�ed aggregate blends were named G1, G3 and
G5, respectively. The apparent density of both aggregates was similar; thus, volume di�er-
ences during replacing by weight were negligible. This approach was thoroughly described
and discussed in a previous publication [32]. Achieved aggregate blend compositions are
presented in Table 2.

Table 2. Sieve analysis (cumulative percentage) of used aggregate blends

Fraction[mm]
Type of aggregate

R G1 G3 G5 S1 S3 S5

[%]

0.000�0.063 0.3 0.3 0.3 0.3 0.3 0.3 0.3

0.063�0.125 1.2 1.2 1.2 1.2 1.2 1.3 1.3

0.125�0.250 6.5 6.5 6.5 6.4 6.7 7.1 7.4

0.250�0.500 19.9 19.8 19.6 19.5 20.4 21.4 22.4

0.500�1.000 29.6 29.3 28.6 27.9 30.1 30.9 31.8

1.000�2.000 37.5 36.6 34.8 33.1 37.3 37.0 36.6

2.000�4.000 56.8 56.6 56.3 56.0 57.0 57.4 57.8

4.000�8.000 77.5 77.8 78.3 78.8 77.9 78.5 79.2

8.000�16.000 100.0 100.0 100.0 100.0 100.0 100.0 100.0

In order to attain aggregate blends characterized by the same �neness modulus, a cor-
rection of the amount of sand was done. The sand modi�ed aggregate blends are named
S1, S3 and S5 for the amount of CWG equal to 10, 30 and 50%, respectively.
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5. Concrete mixes

Using all seven aggregate blends (R, G1, G3, G5, S1, S3, S5), the concrete mixtures
were designed. CEM I 42.5R and ordinary tap water were used to create the concrete
mixes. All mixes were modi�ed by a commercially available superplasticizer characterized
by density of 1.085 kg/dm3 and pH equal to 5 (�1). The superplasticizer ful�lled the
requirements of PN-EN 934-2 [33]. The composition of the mixes is presented in Table 3.

Table 3. Composition of tested concrete mixes (kg/m3”

Component R G1 G3 G5 S1 S3 S5
Cement 300
Water 150

Superplasticizer 1.35
Aggregate 1982

S 546 546 546 546 564 600 637
CA1 862 776 603 431 758 549 340
CA2 574
CWG � 86 259 431 86 259 431

The mixing procedure using the planetary mixer lasted 90 seconds. The consistency of
the fresh concrete mixes was assessed using an ordinary slump test according to PN-EN
12350-2:2019 [34]. The achieved results (presented in Fig. 2) allowed us to classify the
consistency of all mixes as S1 according to EN 206-1 [29].

Fig. 2. Slump test results of tested fresh mixes

After the slump test the volume of air in the fresh mixes was tested using a pressure
method according to PN-EN 12350-7:2019-08 [35]. The results of these tests are presented
in Fig. 3.



12 B. LANGIER, J. KATZER, M. MAJOR, J. HALBINIAK, I. MAJOR

Fig. 3. Air content in the tested fresh concrete mixes

The air content ranged from 2.5% (for fresh concrete mix R and G1) to 3.1% (for fresh
concrete mix S5). Specimens were cast in two layers and compacted using a vibrating table.

6. Properties of hardened concretes

The �rst test conducted on hardened concrete specimens checked their dimensions
and mass. As it is a non-destructive procedure, all available specimens were checked.
Subsequently the apparent density was calculated for all specimens. The whole procedure
ful�lled the requirements of PN-EN 12390-7:2019-08 [36]. Values of apparent density
ranged from 2274 to 2305 kg/m3 for concretes S5 and R, respectively. Speci�c populations
of results for a given concrete were characterized by high homogeneity. No outliners were
noted. This is an indicator of a very good quality of cast specimens. The densities are
presented in Fig. 4.

Fig. 4. Apparent density of hardened concretes
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In both G and S mixes, the density was slightly in�uenced by the addition of CWG. Re-
placing natural aggregate characterized by density of 2650 kg/m3 with CWG characterized
by 2490 kg/m3 is well mirrored by the achieved results.

The compressive strength ( 52) test conducted after 28 days of curing was the �rst
destructive test. For each test, �ve cube specimens of size 150� 150� 150 mm were used.
The test was conducted according to PN-EN 12390-3:2019-07 [37]. The results of the
compressive strength test are presented in Fig. 5.

Fig. 5. Compressive strength of tested hardened concretes

The reference concrete was characterized by the highest compressive strength of
55.8 MPa. The lowest compressive strength was achieved by concrete mix G5. The dif-
ferences between speci�c mixes were small (3.9 MPa between the highest and the lowest
result). Taking into account the number of tested specimens, hardened concretes R, G1 and
G3 (after 28 days of curing) could be described as strength class C40/50, and concretes G5,
S1, S3 and S5 could be described as strength class C35/45. The gains in strength after 60
days of curing in comparison to 28 days of curing are relatively small and do not in�uence
the assigned strength classes.

Water absorption was tested using three cube specimens of size 150 � 150 � 150 mm.
The test was executed according to PN-88/B-06250:1988 [24]. The achieved results are
presented in Fig. 6. The water absorption for all concretes was almost the same and equal
to 4.6%�4.7% (by weight). The partial replacement of natural aggregate by CWG did
not in�uence this property in any noticeable way. The water-tightness test was executed
according to PN-EN 12390-8:2019-08 [38]. The used apparatus was equipped with six
standings for specimens. Water under pressure was fed from the bottom of the cube
specimens through a circular area with the diameter of 100 mm. After maintaining the
water pressure (0.5 MPa) for 72 hours, the depth of water penetration �F was measured on
split specimens (see Fig. 7).

The depth of water penetration for particular concretes is presented in Fig. 8. The value
of �F ranged from 85 mm to 98 mm for concretes G1 and S5, respectively. The freeze�
thaw test was conducted using cube specimens of size 100 � 100 � 100 mm. The test was
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Fig. 6. Water absorption (by weight)

Fig. 7. Exemplary cross-section of a specimen after water-tightness test

Fig. 8. Depth of water penetration
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executed utilizing the methodology described in PN-88/B-06250:1988 [24]. A population
of 12 specimens was used for the test for each type of concrete in question. Six specimens
formed a reference population. They were left for further curing in water. The remain-
ing six specimens were exposed to freeze�thaw cycles. After 100 cycles, both mass and
compressive strength were tested. No loss of mass was registered in any of concretes in
question. Freeze�thaw cycles only in�uenced the compressive strength in a noticeable way.
The di�erence � 5 2 between the strength of reference specimens and specimens exposed to
freeze�thaw cycles was calculated. The results are presented in Fig. 9. Strengths achieved
by reference specimens were presented in Fig. 5 as 60 days results (after scaling them to
150 mm cubes).

Fig. 9. Loss of compressive strength after 100 freeze�thaw cycles

The value of � 5 2 ranged from 13.6% to 17.5% for the reference concrete and S3
concrete, respectively.

The internal structure of the hardened concretes was studied using digital image anal-
ysis of specimen cross-sections. The volume and character of air pores were of special
interest. The test was conducted according to PN-EN 480-11:2008 [39] with the help of
Lucia Concrete software. The testing procedure was thoroughly described in the previ-
ous publication [32]. The testing stand is presented in Fig. 10. The apparatus SEM-EDX
(LEO Electron Microscopy Ltd, England) enabled evaluation of the air pore distribution
and CWG spacing in the volume of the hardened concrete. The porosity characteristics of
concretes sourced from digital image analysis are presented in Table 4.

Total air content ranged from 1.77% to 3.00% for mixes G1 and S5, respectively, while
the reference concrete was characterized by � = 2�80%. Only mixes with 50% of CWG
(G5 and S5) were characterized by total air content higher than in the case of the reference
concrete. The rest of the mixes were characterized by signi�cantly lower values of total air
content. The achieved results support the thesis that replacing natural aggregate by CWG
does not negatively in�uence the properties of hardened concrete.
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Fig. 10. Lab stand for digital image analysis of specimens cross-sections

Table 4. Porosity characteristics of tested concretes

Concrete
mix

Total air content
� [%]

Surface of the air
U [mm�1]

Spacing factor
! [mm]

Micro-air content
�300 [%]

R 2.80 18.8 0.3 0.6
G1 1.77 21.5 0.3 0.6
G3 2.47 13.9 0.5 0.4
G5 2.86 18.9 0.3 0.6
S1 2.58 12.8 0.5 0.3
S3 2.53 13.6 0.5 0.3
S5 3.00 13.9 0.4 0.4

7. Discussion

Cross-sections of the concrete specimens are presented in Fig. 11. In the images, both
CWG and natural aggregate particles are clearly visible. The concrete matrix is densely
packed with no voids or cracks. While analyzing the images presented in Fig. 11 one
should remember that surfaces of CWG particles are smoother than that of the natural
aggregate. Therefore, the bonding properties of CWG with cement paste are lower than in
case of a natural aggregate. At the same time the shape of the CWG particles (with sharp
edges � see Fig. 11) are more likely to interlock and create very e�ective (in terms of
compressive strength) aggregate spacing. In authors’ opinion in�uence of smooth surfaces
of CWG particles is signi�cantly limited by sharp edges in�uencing particle spacing and
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Fig. 11. Cross-sections of the concrete specimens with CWG particles

interlocking. Values of achieved compressive strengths (Fig. 5) which di�er in range of 3%
between reference concrete and concretes with CWG seem to con�rm this assumption.

The observed character of the concrete matrix goes along with the achieved results of
relatively high water-tightness and resistance to freeze�thaw cycles.

In general, all of the achieved characteristics of fresh concrete mixes and hardened
composites with CWG are similar to those of ordinary reference concrete. Using concretes
with up to 50% of CWG replacing natural coarse aggregate has many bene�ts: it limits
waste disposal costs, conserves the environment by saving signi�cant volumes of natural
aggregates, and extends the life span of existing land�ll sites. No extra energy is needed
to harness CWG as a natural aggregate replacement. Future research e�orts associated
with CWG for concrete production should be focused on designing procedures for such
concrete mixes and utilizing CWG �ne fractions for concrete production. Study of whether
CWG as partial aggregate substitution causes alkali aggregate reaction should also be
conducted. Thorough tests and analysis concerning �exural and tensile strengths of CWG
concretes should be performed. Finally, durability performance of CWG concretes should
be established by testing abrasion resistance (e.g., by Boehme method) and comparing it to
already tested resistance to freezing�thawing and watertightness. One should also consider
adding �ber to CWG concretes and assessing their ability to e�ciently interact with such
reinforcement. Separate research e�ort should be dedicated to development of sustainable
methods of sourcing windscreen glass. Current ways of scrapping cars are not friendly for
production of CWG based aggregates.

Taking into account that in 2016 the number of scrapped cars in Europe surpassed
5 million a year, the amount of CWG available for concrete production is huge. Combining
a smart approach to source CWG from scrapped cars with the proposed approach to
create concrete (with up to 50% of CWG replacing natural aggregate) forms a feasible
technological solution. The current state of the art enables production of CWG concretes
using ordinary equipment and techniques. Properties of CWG concretes, both in fresh mix
and hardened concrete states, enable one to treat them in the sameway as ordinary concrete.
Elements of secondary importance and basic structural applications seem to be the best use
of CWG concretes during the initial stage of introducing them to the construction industry.
After gaining new knowledge about their other properties (which were proposed to be
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tested � see above comments), more elaborate structural applications would be enabled.
It would be interesting to merge CWG concretes with some other recycled approaches to
concrete (e.g., waste steel �ber, blended locally produced cement, granite dust [40], diabase
dusts [41] or lime powder [42]). In this way, CWG concrete would become even more green
and sustainable.

8. Conclusions

The conducted research program allows us to draw the following conclusions:
� It is feasible to replace up to 50% of natural coarse aggregate by CWG;
� The properties of both fresh concrete mix and hardened concrete based on CWG are
similar to those of a reference concrete;

� The air content in the fresh CWG mixes is the same (di�erences smaller than the
precision of the testing method) as that in the ordinary (reference) concrete;

� The apparent density of CWG concretes is the same (di�erences smaller than�1�5%)
as that of the ordinary (reference) concrete;

� The matrix of concrete with CWG is densely packed with no voids or cracks;
� The water absorption of all concretes in question was the same and equal to

4�65% � 0�05%;
� The reference concrete was characterized by the highest compressive strength of
55.8 MPa. All CWG concretes were characterized by slightly lower compressive
strength (by 1.1 MPa to 3.9 MPa for concretes G1 and G5, respectively);

� CWG concrete is characterized by reasonably high durability properties, enabling its
application for structural components exposed to elements;

� Future key research programs should cover utilizing CWG �ne fractions for concrete
production. Studies of whether CWG as partial aggregate substitution causes alkali
aggregate reaction should be also conducted.
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Charakterystyki wytrzyma“o–ciowe betonów z t“uczon¡ samochodow¡
szyb¡ boczn¡ zastosowan¡ jako czƒ–ciowy zamiennik kruszywa

S“owakluczowe: kruszywo odpadowe, recykling, szk“o, zamiennik

Streszczenie:

Bior¡c pod uwagƒ liczne dotychczasowe próby wykorzystania szk“a odpadowego do produkcji
betonu, zaproponowano podej–cie oparte wy“¡cznie na odpadach otrzymywanych z szyb samocho-
dowych. W programie badawczym wykorzystano wy“¡cznie odpady pochodz¡ce z szyb bocznych
powstaj¡ce podczas utylizacji samochodów. W ten sposób wszystkie kluczowe w“a–ciwo–ci szk“a
odpadowego by“y pod kontrol¡ (czysto–¢, w“a–ciwo–ci granulometryczne, itp.). Powsta“y dwa rodzaje
betonów z t“uczon¡ szyb¡ samochodow¡, pe“ni¡c¡ rolƒ grubego kruszywa. Betony ró»nicowano ilo-
–ci¡ dodanego kruszonego szk“a, które zastƒpowa“o 10�50% kruszywa naturalnego. Powsta“e betony
zosta“y przebadane zarówno na etapie –wie»ej mieszanki betonowej, jak te» zwi¡zanego ju» betonu.
Zbadano konsystencjƒ i zawarto–¢ powietrza w –wie»ych mieszankach. Opad waha“siƒ od 15 mm
do 20 mm, a zawarto–¢ powietrza waha“a siƒ od 2,5% do 3,1%. Betony zwi¡zane zastosowano do
badania gƒsto–ci pozornej, wytrzyma“o–ci na –ciskanie, nasi¡kliwo–ci, wodoszczelno–ci i odporno-
–ci na cykle zamra»ania-rozmra»ania. Wykazano, »e beton z czƒ–ciowym zast¡pieniem kruszywa
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pot“uczonymi bocznymi szybami samochodowymi charakteryzuje siƒ zadawalaj¡cymi w“a–ciwo-
–ciami mechanicznymi (wytrzyma“o–¢ na –ciskanie po 28 dniach wi¡zania waha“a siƒ od 51,9 MPa
do 54,7 MPa), umo»liwiaj¡cymi zastosowanie go jako zwyk“ego betonu konstrukcyjnego. Zarówno
mieszanki betonowe, jak równie» betony, powstaj¡ce na bazie bocznych szyb samochodowych maj¡
w“a–ciwo–ci zbli»one do betonu referencyjnego. Wykazano, »e mo»liwe jest zast¡pienie do 50%
naturalnego kruszywa gruboziarnistego kruszonym szk“em pochodz¡cym z bocznych szyb samo-
chodowych. Zaproponowano mo»liwe zastosowania omawianych betonów. Do–wiadczenia zdobyte
podczas realizacji programu badawczego mog¡ by¢ przydatne do testów dotycz¡cych wykorzysta-
nia t“uczonych szyb bocznych pochodz¡cych z wycofanych z eksploatacji samochodów osobowych
i ciƒ»arowych. Wskazano równie» obszary, w których potrzebne s¡ dalsze badania.
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