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Abstract

The paper presents the experimental results of mechanical strengths obtained on the concrete prepared with different
types of wastes. Fly ash was used as cementitious material and polystyrene granules were used as substitution of
aggregates. The properties of concrete such as density, compressive strength, flexural strength and splitting strength
were investigated having in view the waste substitution. The results show that the concrete with fly ash and polystyrene

granules in reduced dosages had characteristics of structural concrete.
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In construction industry one of the most
used materials is concrete due to its advantages
such as: durability, fire resistance, reduces cost,
etc. An important problem related to concrete is
that of cement, because it is used in huge quantities
and its production mean emission of CO2 in the
atmosphere (Andrew R.M., 2018; Jaffar et al 2015;
Altwair N.M., Kabir S., 2010) One possibility of
reduction of cement consumption is to replace it
with other materials, such as: silica fume, fly ash,
slag, cinder, etc (Basak M. et al, 2011, Barbuta M.
et al, 2015; Dinakar P. et al, 2008; Qasrawi H. et
al, 2009). Another component of concrete,
aggregate can also be replaced partially or totally
with different materials for saving the natural
resources (De Castro S., De Brito J., 2013; Ismail
Z.Z. et al, 2008, Kumar Prusty J. et al, 2016).
Depending on the type and dosage of material that
replaces the aggregate, structural or lightweight
concrete can be obtained. The type of material
used for replacing aggregate, can improve different
properties such as density, thermal, acoustic, fire
resistance, etc. (Herki B.A. et al, 2013; Ingrao, C.,
2014; Naughton A., Fan M., Bregulla J., 2014).
For replacing aggregates different types of
materials can be used. Lightweight aggregates used
in structural lightweight concrete are typically
expanded shale, clay, or other products such as air-
cooled blast furnace slag. The use of different
types of wastes as replacement of aggregates such
as: polystyrene granules, chopped tires, saw dust,
chopped plastic, etc. is also a way for obtaining
structural or lightweight concrete (Chowdhury S.
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et al, 2015; Xie J.H. et al, 2015; Akgatzoglu S. et
al, 2010, Khaloo A.R. et al, 2008).

The paper presents the mechanical
properties and elasticity characteristics of concrete
prepared with fly ash as cement replacement and
polystyrene granules as aggregate substitution.

MATERIAL AND METHODS

For the experimental tests a mix of cement
concrete was used having the following dosages of
components: cement-324 kg/m3, sand (0-4 mm):
803.16 kg/m3, aggregate sort (4-8 mm): 384.12
kg/m3 and aggregate sort (8-16 mm): 558.72
kg/m3. The water was 172 I/m® and as super-
plasticizer additive was used Master Glenium SKY
617 from BASF. The cement used for the obtaining
the concrete was type CEM I|IB-M-S-LL-42.5N,
according to Romanian Standard. The concrete
mix with polystyrene granules waste was prepared
with addition of 10% fly ash from the total
cementitious quantity and with 10% substitution of
aggregate sort 0-4 mm and 20% substitution of
aggregate sort 4-8 mm. The fly ash, used also in
other experiments was from Electrical Plant
Holboca lasi and had the following properties:
color dark-gray, spherical particles of sizes
between 0.01 to 100 um and the density are
between 2400 and 2550 kg/ms.

The polystyrene granules had sizes between
0-4 mm and were obtained by cutting the waste
and sifting them by sizes. The mix was prepared
as follows: the granules of polystyrene were firstly
slightly moistened and then were introduced near
the aggregates, cement and fly ash in the mixer
and were mixed. Then were added water and
superplasticizer. The fresh mix was poured in
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formworks types cubes of 150 mm sizes, cylinders
of 100 mmx200 mm sizes and prisms of
100mmx100mmx550 mm for determining the
density, compressive strength, flexural strength,
splitting strength and characteristic diagram
according to Romanian standard. The
experimental tests were done on three samples for

each determination at 28 days, according to
Romanian standards.

RESULTS AND DISCUSSION

The experimental test values of densities of
fresh and hardened concrete and mechanical
strengths at 28 days are given in Table 1.

Table 1
Experimental test values of densities and mechanical strengths of fresh and hardened concrete
Sample fe,cupe fe, cyl, fii ftd Density of hardened concrete, kg/m?
N/mm?
N/mm?2 N/mm?2 N/mm?2
Test Medium
results value
BCPol 22.95 17.89 1.42 1.99 2039
2291 | 2289 [1g24 | 1783 7135 | 1.36 7190 | 1.92 [T 5020 2033
22.81 17.36 1.31 1.87 2031
With the values of compressive strength - T . 2/3 _ 2
p g foom =030+ £ =030-22.79%° = 241 N/mm’ (8)

experimentally determined the 5% characteristic e
can be computed with eq. 1:

fck = fc,mafzﬂ - {164 ’ g’] (1)
Where o is the standard deviation of

experimental test values and 1.64 is the probability

value from the standardized normal curve.

B, Fery _ 22.95422.91422.81

fomaan ==, : = 2289 (2)
(it : t R

’ =\FH( s \F: % (Fy ) = 163 (3)

Where n=3

(. mean)® = 22.89% = 523.9521 (4)

Y., (F2)=2295" + 2291 + 2281°=1571.87 (5)

Ih. (F)* 15718666

f. = 2289 — (1.64x0.058) = 22.79 N/mm? (7)

- 5239521 = 0058 (6)

The value of mean tensile strength, fcim is
determined with relation (8):

The characteristic strength to axial tension with
fractile 5%, noted fcuw 005 and with fractile of 95%,
feo.95 respectively is obtained function the mean
value fem with relations (9) and (10):

fotioos = 0.7 fem = 0.7 - 2.41 = 1.687 N/mm®(9)
fureoss = 13f.0m = 13241 = 313 N/mm*(10)

The strength to axial tension f; can be established
function de splitting strength, fy with relation (11):

for = 09f,;, =0.9-192 = 1.73 N/mm? (11)
According to data obtained the fly ash concrete
with polystyrene granules as substitution of fine
aggregate and coarse aggregate sort 4-8 mm can be
characterized as structural concrete for a grade of
C16/20 according to Romanian standard [23].

The characteristic diagram was obtained by
testing the cylinders in axial compression, Fig. 1.
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The characteristic diagram is presented in Figure 2
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Figure 2 Characteristic diagram of concrete with polystyrene granules

The fly ash concrete with polystyrene granules had
plastic deformations from the first stages of
loading. The behavior in compression can be
characterized as an elastic one, before the failure
the sample presented an important deformation.
Cracks were developed especially at the top of the
cylinder, parallel with the compression force
(figure 1).
CONCLUSIONS

The mechanical and deformation
characteristics of fly ash concrete with 10%
polystyrene granules as substitution of fine and
coarse aggregate were experimentally determined.
Analyzing experimental values of compressive
strength, flexural strength and splitting strength it
can observe that this type of concrete is of grade
C16/20, according to standard and it can be used as
structural concrete. The density of 2033 kg/m?®
classifies concrete with polystyrene granules as a
normal concrete.

The use of fly ash in concrete and the
substitution of aggregate with waste of polystyrene
granules is important step in re-cycling and
protecting resources and environment by reducing
the cement and natural aggregates consumption.
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