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Fig. 6. Glass particles after processing and sorting

by sieving coarse yellow sand through sieves with mesh
sizes ranging from 2.5 to 5.0 mm (Fig. 7).

In decorative concrete products in the form of thin
panels, cracking is often observed after molding due to the
high fluidity of the plastic binder suspension. Therefore,
the use of fine decorative aggregate is necessary. However,
when the aggregate content is excessively increased, the
rheological properties of the mixture and its ability to fill
the mold with the binder composition during the forming
process are adversely affected [9].

¢) Superplasticizing additive and activating solution.

In this study, a superplasticizer commercially known
as MVN-SR, produced by the concrete admixture
manufacturer Silkroad Hanoi (SILKROAD HANOI
JSC), was used. This admixture belongs to the third-
generation high-range water-reducing admixtures based

Fig. 7. Decorative fine aggregate

Nanob%

on polycarboxylates. The density of the aqueous solu-
tion of the admixture is approximately 1.15 g/cm?® at a
temperature of 25 £ 5 °C, complying with the require-
ments of TCVN 8826:2024 “Chemical Admixtures for
Concrete” (Fig. 8). In this research, the superplasticizer
was used at a dosage of 1.5% by mass of binder to ob-
tain a plastic suspension with adequate flowability and
self-compacting ability under its own weight during the
forming process.

The activating solution used in this study consisted
of a mixture of a 10 M NaOH solution and a Na,SiO,
solution with a SiO,/Na,O ratio of 2.75. The mass ratio
between the 10 M NaOH solution and the Na,SiO, solu-
tion was 50:50%.

The mixture of the superplasticizer and the activating
solution used in this study is shown in Fig. 9.

Fig. 8. MVN-SR superplasticizer
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Fig. 9. Mixture of the superplasticizer and the

d) Fiber.

Synthetic polypropylene fibers in the form of indi-
vidual filaments and steel mesh fiber were used for the dis-
persed reinforcement of decorative translucent products to
improve their crack resistance and mechanical properties.
The fibers were uniformly distributed throughout the raw
material composition to reduce local stress concentration
[10] (Fig. 10).

¢) Water and pigments.

Water used for preparing the concrete mixture and
for subsequent curing complied with the requirements
of TCVN 4506:2012 “Water for concrete and mortar —
Technical speccification”.

In addition, various pigment powders, including red,
yellow, blue, and other colors, were used in this study to
provide the decorative products with the desired color

Fig. 10. Fibers for crack prevention

range and aesthetic characteristics, depending on the de-
sign requirements of the products (Fig. 11).

2.2. Composition of the concrete mixture
and technology for producing translucent
decorative products

The composition of the concrete mixture for produc-
ing “green” concrete was developed based on the use
of fly ash and blast furnace slag as the main binders,
combined with fine and coarse aggregates, water, and

Fig. 11. Decorative pigment powder
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chemical admixtures to obtain a highly plastic mixture
suitable for molding decorative products. The content of
glass particles was selected according to the requirements
for light-transmitting effects and aesthetic appearance of
the products, rather than being determined solely based
on physical and mechanical properties, as is commonly
practiced in the mix design of conventional structural
concrete.

Based on preliminary laboratory investigations, the
following proportions of raw materials were adopted for
1 m? of concrete mixture:

— Binder: 1000 kg;

— The content of thermal power plant fly ash and finely
ground granulated blast furnace slag varied from 0 to
1000 kg to reach a total binder mass of 1000 kg;

— Decorative fine aggregate: 500 kg;

— Glass particle content: 5, 10, 15, and 20% by mass of
binder;

— Fiber content: 5 and 10% by mass of binder;

— Superplasticizer dosage: 1.5% by mass of binder;

— Colored pigment dosage: 1.0% by mass of binder;

— Activating solution-to-binder ratio: 0.25;

— Water-to-binder ratio: 0.15.

The compositions of the concrete mixtures used to
produce the green concrete are presented in Table 1.

The technological process for producing light-trans-
mitting decorative concrete products was carried out
through the following main stages:

1. Preparation of molds for manufacturing the prod-
ucts.

2. Preparation of raw materials.

3. Dosing of components and preparation of the con-
crete mixture.

4. Development of the decorative pattern and place-
ment of glass particles in the molds.

5. Casting of the concrete mixture into the molds and
forming of the products.

6. Demolding, curing of the products, application of
a protective adhesive coating, and final surface finishing.

Fly ash, blast furnace slag, pigment powder, and the
admixture were first dry-mixed to ensure uniformity of
the mixture. After that, water was added, and mixing was

Table 1. Concrete mix compositions

continued until the required plasticity of the mixture was
achieved. The glass particles were arranged in the molds
according to the designed composition in order to cre-
ate the light-transmitting effect and ensure the aesthetic
expressiveness of the products. After preparation, the
concrete mixture was carefully poured into the molds to
minimize the coverage of the glass element surfaces and
thereby ensure the required light-transmitting capacity of
the finished products [11, 12] (Fig. 12 and 13).

2.3.Test methods

In this study, the physical and mechanical proper-
ties of specimens in the form of thin panels of various
sizes and thicknesses (square panels of 200x200 mm
and 300300 mm, as well as rectangular panels of
200%300 mm and 300%400 mm, with thicknesses rang-
ing from 10 to 20 mm) made of “green” light-transmitting
decorative concrete were determined in accordance with
the requirements of TCVN 7744:2013 “Terrazzo Tiles”.

a) The following standardized parameters specified in
this standard were determined:

— The slump flow of the concrete mixtures was deter-
mined using a standard truncated cone in accordance
with TCVN 12209:2018 [13] (Fig. 14);

— The average density of translucent green concrete was
determined in accordance with TCVN 3115:2022 [14];

— The water absorption of the concrete was determined
in accordance with TCVN 7744:2013 [15];

— The abrasion resistance of the concrete was deter-
mined in accordance with TCVN 3113:2022 [16];

— The compressive strength at different curing ages
was determined using cube specimens of 100x100x%
100 mm in accordance with TCVN 3118:2022 [17];

— The flexural tensile strength at the age of 28 days
was determined using prism specimens of 100X 100 %
400 mm in accordance with TCVN 3119:2022 [18].
b) Model for determining the light transmittance coef-

ficient of experimental concrete specimens.

The light transmittance coefficient of decorative mate-
rials is used to evaluate the ability of light to pass through
a material under the influence of an incident light source.

Component content, kg
Concrete Blast fur- Fine MVN-SR N
mixture Flyash | naceslag Glass | yecora- . Super- el I Total
" o P par- . Fiber . ing solu- pig- Water
Pha Lai Hoa X tive ag- plasti- .
Phat” ticles A tion ments
at gregate cizer
GreCor-01 1000 0 50 500 100 15 250 10 150 2075
GreCor-02 600 400 100 500 100 15 250 10 150 2125
GreCor-03 400 600 150 500 50 15 250 10 150 2125
GreCor-04 0 1000 200 500 50 15 250 10 150 2175
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Fig. 14. Measurement of the slump flow of concrete mixtures
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In this study, the light transmittance coefficient was
defined as the ratio between the intensity of light transmit-
ted through the material specimen (in lux) and the initial
light intensity incident on the surface of the specimen
(in lux).

For translucent concrete materials, the light transmit-
tance coefficient reflects the efficiency of light transmis-
sion through the light-conducting components (such as
glass particles or transparent phases) distributed within
the concrete matrix. The value of this coefficient depends
on the structure of the material, the proportion and size
of the light-transmitting components, as well as the thick-
ness of the specimen.

In this study, the light transmission intensity of the
developed “green” decorative concretes was measured
using a Testo 540 illuminance meter (Germany) (Fig. 15).

In this study, the experimental setup used to evaluate
the light transmittance of decorative concrete products
was designed and fabricated under laboratory conditions.
It was constructed as a dark box in order to minimize the
influence of ambient light on the measurement results
(Fig. 16).

The light transmittance coefficient of “green” decora-
tive concrete specimens () is defined as the ratio between
the light intensity (/, lux) transmitted through the material
specimen and the initial light intensity (/, lux) incident
on the surface of the specimen, as expressed by the fol-
lowing equation:

w=1/I,x100%,

where: ¥ — light transmittance coefficient, %; I —
light intensity transmitted through the tested specimen,
lux; 1, — initial light intensity incident on the surface of
the specimen, lux.

Fig. 16. Experimental setup for determining the light transmittance coefficient of the light-transmitting decorative

concrete specimens

http://nanobuild.ru

387 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2026; 18 (3):
379-392

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

ISSN 2075-8545 (online)

Nanobm

EFFICIENT USE OF RECYCLED RESOURCES

RESULTS AND DISCUSSION

The experimental results obtained under laboratory
conditions for the concrete mixtures and the hardened
specimens of cement-free translucent decorative concrete
are presented in Tables 2, 3.

3.1. Effect of fly ash, blast furnace slag, and glass
particle content on the properties of concrete
mixtures

With an increase in the content of blast furnace slag
and a corresponding decrease in the content of fly ash in
the binder composition, the color of the concrete mixtures
gradually changed from dark gray to light gray and eventu-
ally to white. This is attributed to the color characteristics
of the raw materials: fly ash has a dark gray color, whereas
the blast furnace slag used in this study exhibited a light,
nearly white color.

In addition, as the content of glass particles increased
from 5% to 20% by mass of binder, significant changes
in the properties of the concrete mixtures were observed.
The workability, expressed in terms of slump flow, de-
creased from 25 to 19 cm, and the surface of the speci-
mens became rougher compared to those containing lower
amounts of glass particles.

Table 2. Properties of concrete mixtures

The experimental results indicate that concrete mix-
tures with higher glass particle content exhibit reduced
workability, which adversely affects their ability to fill
molds during the forming process.

Furthermore, considering that the average bulk den-
sity of the glass particles is approximately 2480 kg/m?,
an increase in their content leads to a slight increase in
the average density of the concrete mixtures, from 2068
to 2169 kg/m’.

3.2. Properties of “green” light-transmitting
decorative concrete

The experimental results presented in Table 3 indi-
cate significant changes in the physical and mechanical
properties of green concretes with increasing contents
of blast furnace slag and glass particles in the concrete
mixtures. Glass particles perform a dual function: they
act as coarse aggregates and simultaneously determine
the light-transmitting capacity of the product.

As the content of glass particles increased, the compres-
sive strength and flexural tensile strength increased by 24%
and 8%, respectively. In addition, the abrasion resistance
improved significantly, with the abrasion loss decreasing
from 0.51 to 0.30 g/cm?, while the water absorption by
mass decreased from 8.5% to 7.3%. At the same time, the

GreCor-01 GreCor-02 GreCor-03 GreCor-04
Parameter Mean Standard Mean Standard Mean Standard Mean Standard
devia- devia- devia- devia-

value . value . value . value .

tion tion tion tion

Slump flow diameter (cm) 25 2.1 23 2.2 20 1.5 19 25

Average density (kg/m>) 2068 7.5 2117 6.3 2119 8.2 2169 8.0

Color Dark gray Light gray Grayish white White

Table 3. Physical and mechanical properties of the light-transmitting decorative concrete specimens at 28 days

GreCor-01 GreCor-02 GreCor-03 GreCor-04
Parameter Standard Standard Standard Standard
Mean m Mean R Mean A Mean A
devia- devia- devia- devia-
value . value N value N value .
tion tion tion tion
Average density (kg/m?) 2048 4.0 2090 4.2 2110 4.0 2138 4.5
Water absorption (% by mass) 85 0.8 8.1 1.0 7.5 0.9 7.3 0.8
Abrasion resistance (g/cm?) 0.51 0.25 0.48 0.15 0.36 0.2 0.3 0.1
Compressive strength (MPa) 38 2.1 41 2.2 43 24 46 24
Flexural tensile strength (MPa) 49 0.66 5.1 0.85 53 0.9 54 1.1
Light transmittance coefficient 18 15.7 172 205
(%)
Surface condition Smooth dark gray Smooth light gray | Rough grayish-white Rough white surface
surface surface surface
http://nanobuild.ru 388 info@nanobuild.ru



http://nanobuild.ru/ru_RU/

2026; 18 (3):
379-392

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

ISSN 2075-8545 (online)

Nanobm

EFFICIENT USE OF RECYCLED RESOURCES

light transmittance coefficient increased from 11.8% to
20.5% (Fig. 17). Thus, the glass aggregate plays a key role
in determining both the strength characteristics and the
light-transmitting capacity of the specimens.

In addition, the water absorption by mass at 28 days
of curing of the green decorative concrete specimens de-
creased significantly, by 15.6%, as the content of glass
particles increased from 5% to 20% by mass of binder.
This trend can be explained by the low water absorption
capacity of glass particles [19].

The compressive strength and flexural tensile strength
of the obtained light-transmitting decorative concrete
specimens are presented in Fig. 18.

As shown in Fig. 18, when the compressive strength
of the light-transmitting decorative concrete speci-
mens increased from 38 to 46 MPa, the flexural ten-
sile strength also increased from 4.9 to 5.4 MPa at
the age of 28 days. The ratio between flexural tensile
strength and compressive strength ranged from 1/8 to
1/9, which is comparable to the relationship between

Fig. 17. Measurement of the light transmittance of light-transmitting decorative concrete products: a- Measure-
ment of the light transmission of a table lamp; b - Measurement of the light transmission of a thin sheet product
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Fig. 18. Compressive and flexural tensile strengths of light-transmitting decorative concrete specimens at 28 days
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these strength parameters in conventional cement-
based concretes.

In addition, the experimental studies demonstrated that
translucent decorative products made of green concrete
and crushed glass waste are capable of transmitting light
from one surface to the other through the glass inclusions.
The transmitted light is not concentrated into intense light
beams but is softly diffused, creating a harmonious visual
effect. This feature makes such products suitable for both
interior and exterior decorative applications [20].

The light-transmitting capacity of the decorative prod-
ucts mainly depends on the content and size of the glass
particles, as well as on the color of the glass and the de-
gree of coverage of the glass particles by the cement-free
binder matrix. The light-transmitting decorative concrete
specimens containing transparent or light-colored glass
provide a more pronounced light-transmitting effect com-
pared with those containing dark-colored glass particles.
At the same time, controlling the process of placing the
concrete mixture into the molds to prevent the binder
paste from adhering to the surface of the glass particles is
an important factor in maintaining the light-transmitting
efficiency of the product.

Compared with traditional light-transmitting materials
such as art glass or translucent stone, the “green” decora-
tive concrete does not provide full transparency but rather
produces an effect of soft, diffused, and deep illumina-
tion. This characteristic makes such products suitable
for decorative architectural applications in both interiors
and exteriors, preventing glare and creating a comfortable
visual perception of light [21] (Fig. 19).

Overall, the obtained results indicate that optimizing
the content of blast furnace slag and glass waste not only
enhances the mechanical properties but also improves
the light-transmitting capacity of the material, while si-
multaneously ensuring that both technical and aesthetic
requirements for translucent decorative concrete products
are satisfied.

Nanob%

3.3. Evaluation of the application potential
of the “green” decorative concrete in construction

The research results indicate that translucent decora-
tive products made of green concrete and glass particles
have a high potential for practical application in con-
struction, particularly in interior and exterior finishing
works. With a compressive strength of up to 46 MPa and
a light transmittance coeflicient of up to 20.5%, such
products simultaneously provide the required mechani-
cal performance and a pronounced aesthetic lighting
effect.

These products can be used as decorative cladding
panels, translucent partitions, wall decorative panels, sig-
nage elements, as well as accent architectural components
in residential buildings, hotels, restaurants, schools, and
public spaces (Fig. 20 and 21).

Compared with imported light-transmitting materials,
this product has a cost advantage due to the use of locally
available waste materials such as fly ash, blast furnace slag,
and crushed glas.

In addition, the use of glass cullet and large-volume
industrial wastes for the production of decorative prod-
ucts contributes to reducing the consumption of natural
resources and lowering CO, emissions compared with
imported light-transmitting materials or conventional
decorative materials [22]. This represents an important
advantage of such products under current conditions,
where increasing priority is given in construction to en-
vironmentally friendly and durable materials.

+ Potential applications of the “green” light-trans-
mitting decorative concrete:

— Possibility of manufacturing structural elements that
simultaneously perform load-bearing and enclosure
functions due to the high strength of the material;

— Possibility of using the material as an element of natu-
ral lighting in buildings, as it possesses good light-
transmitting capacity;

Fig. 19. Examples of products made from the light-transmitting decorative concrete
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Fig. 20. Artwork “Spring in the Leaves”

— Possibility of application in interior and exterior fin-
ishing works in combination with traditional materials,
enabling the creation of unique architectural lighting
effects;

— Possibility of producing decorative partition walls.
However, in order to expand the application field of

decorative products made from cement-free concrete,
further studies are required to optimize the manufacturing
technology, improve surface quality control, reduce the
tendency for crack formation, and evaluate the durability
of products under different service conditions, particularly
in humid environments and outdoor applications.

CONCLUSION

Based on the experimental results of the research, the
following conclusion can be drawn:

1. Cement-free “green” concrete, produced using fly
ash, blast furnace slag, and glass particles, can be applied
in the manufacture of translucent decorative products,
ensuring shape stability, relatively uniform surface qual-
ity, and mechanical strength meeting practical service
requirements.

2. Glass particles incorporated into the “green” con-
crete matrix allow light to pass through the material,
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Fig. 21. Artwork “Favorable Wind”
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