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Abstract: The use of waste aggregate in concrete 1s very unportant because of that decrease the total cost of
concrete and lead to a more clean environment. This research aims to study the mechanical properties such as
compressive, tensile and flexural strength and also the modulus of elasticity for concrete containing waste glass
as coarse and fine aggregate and improved also with integral waterproofing admixture. The study shows the
mnprovement i mechanical properties due to using waste glass only and waste glass with mtegral
waterproofing admixture, compressive strength increased from 27.3-35.8 MPa by total glass replacement but
using both glass and waterproof lead to rise compressive strength to 54.38 MPa also other mechanical
properties increased highly by using glass and waterproofing admixture .

Key words: Waste aggregate, mntegral waterproofing, compressive strength, flexural strength, modulus of

elasticity, waterproof

INTRODUCTION

Waste materials such as waste plastics, glass, iron
chips, etc. can be used as aggregate in concrete to
decrease cost and also lead to the more clean
environment, the use of waste glass as aggregate in
concrete was first reported [over about 60 years ago
(Liang et al., 2007). Some investigations show that the use
of waste plastics as replacement of coarse aggregate
mncrease compressive, tensile and flexural strength until
20% replacement then after this ratio the strength
decreases (Subramani and Pugal, 2015). Waste concrete
or destroyed concrete can also be used as coarse
aggregate m concrete and can improve the mechanical
properties (Chandra et al, 2017) this research aim to
improve the mechanical properties of concrete by using
waste glass as a coarse and fine aggregate with using
mntegral waterproof admixture.

MATERIALS AND METHODS

Experimental program: Using ordinary Portland cement
type (1) in all mixes, the mix proportions ingredients shown
in Table 1 that contain normal sand and gravel. The
grading of fine and coarse aggregates are shown in
Table 2 and 3 and it confirms with British standards
882 (BSI, 1992), the replacement of coarse and fine
aggregate were done by using weight replacement of 25,
50,75 and 100% replacements and with same mix

Table 1: Mix proportions for reference mix

Ingredient Cement Fine aggregate Coarse aggregate Water
Weight for 1 cubic 340 720 1200 150
meter concrete

Table 2: Grading of fine glass waste ageregate used in the study.
Passing by weight (BS

Rieve size Passing (%) -specification-882) (%)
10 mm 100 100

S mm 100 100

2.36 mm 96.2 80-100

1.18 mm 89.7 70-100

600 micron 79.4 55-100

300 micron 33.5 5-70

150 micron - -

Table 3: Grading of course waste aggregates used in the study for 10 mm
max. size aggregate
Sieve Passing limits (B-S,

gize (mim) Passing by weight (%) specification 882, 1992) (%)
20 100 100

14 100 100

10 86.3 85-100

5 11.8 0-25

2.36 0.9 0-5

proportions of reference mix. The waste glass was
obtained by crushing waste glass bottles and cans, it
crushed to fine and coarse waste aggregate as shown in
Fig. 1, the waterproof admixture used n the study 1s from
type integral waterproofing admixture and shown in
Fig. 2. Table 4 shows some properties of integral
waterproofing admixture. The integral waterproofing used
as a percentage of cement weight and it used as 2% of
cement weight.
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Table 4: Some properties of integral waterproofing admixture used in the study

Waterproofing type Color Specific gravity Type Chemical composition
Integral waterproof Dark brown 1.03-1.05 at 20°C Liquid Polycarboxylate liquid polymers and
ADM-10-1110 other compounds like organic compounds

Fig. 1: Coarse and fine waste glass used in the study

Fig. 2: Integral waterproofing admixture used in the study

Specimens and tests: Cubic molds specimens with
100=100x100 mm used for compressive tests and using 3
specimens for each test and finding the average in 28
days, the tensile test was donme by using 100x200
cylinders and finding indirect tensile strength
(splitting test), the flexural strength tests done by
using  100x100x400  mm loading
specimens for third point loading testing according to B.S
(1881) standards. Finally, the modulus of elasticity
done by using  150x300 mm cylinders with mechanical
strain  gauges to find strain values under gradual

beams and

Fig. 3: Cylindrical concrete specimen under testing for
stress-strain behavior

compressive load as shown in Fig. 3 from stress-strain
values test, the modulus of elasticity can be obtained for
each specimen.

RESULTS AND DISCUSSION

Table 5 shows the results of mechanical properties of
reference mixes and waste glass concrete data and
Table 6 show data of concrete with waste glass and
contain integral waterproofing admixture also (Fig. 4-7)
show the comparison of mechanical properties of
concrete contains only waste glass aggregate and
concrete with both waste glass a waterproofing
admixture.

For waste glass concrete, the replacement of fine and
coarse aggregate lead to increase wvalues of
compressive strength from 27.3-35.8 MPa (for 100%
replacement) and that can be attributed to the nature of
glass that has excellent bond with cement mortar
because of its sharp edges of particles and pieces,
tensile strength also increased from 1.9-32 MPa
and flexural strength increased from 2.3-496 MPa
also the modulus of elasticity
20791-26083 MPa.

For concrete containing waste glass and waterproof
admixture, the improvement in mechanical properties was

increased from

6711



J. Eng. Applied Sci., 14 (18): 6710-6713, 2019

Table 5: Mechanical properties of concrete with the replacermnent of coarse and fine aggregate with waste glass aggregates and without adding integral waterproof’

admixture
Mix type Compressive strength Tensile strength Flexural strength Modulus of elasticity
Reference mix 2732 1.92 2.33 20791
25%rep 29.45 2.23 2.76 22014
5% rep 31.89 2.54 3.12 23890
75%rep 34.90 2.90 4.20 25134
100% rep 35.84 3.18 4.96 26083

Table 6: Mechanical properties of concrete with the replacement of coarse and fine aggregate with waste glass aggregates and with adding integral waterproof

admixture

Mix type Compressive strength (MPa) Tensile strength (MPa) Flexcural strength (MPa)  Modulus of elasticity (MPa)
Reference mix with 3237 2.20 2.94 21847

a waterproof admixture

25% replacement 36.82 2.77 3.60 23655

500% replacement 43.46 315 4.84 27519

75% replacement 51.74 3.80 5.73 32850

100%% replacement 54.38 441 7.67 35301

# Without integral waterproof admixture (blue curve below)
-+ With integral waterproof admixture (red curve above)
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Fig. 4: Comparison between the compressive strength of
waste glass aggregate concrete
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Fig. 5: Comparison between the tensile strength of waste
glass aggregate concrete

higher, compressive strength here increased to 54.4 MPa,
tensile strength mcreased to 4.41 MPa, flexural strength
to 7.67 MPa and modulus of elasticity increased to
35301 MPa and these increments can be attributed to the
action of integral waterproofing increased admixture
the chemical particles of integral waterproof fill the

87 = Without integral waterproof admixture (blue curve below)
7 -+ With integral waterproof admixture (red curve sbove)
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Fig. 6: Comparison between the flexural strength of
waste glass aggregate concrete

40000 ™ Without integral waterproof admixture {blue curve below)
= 4+ With integral waterproof admixiure (red curve above)

'3,

350001
= 30000
2 25000
200004
15000
10000
50004

0.

astictiy (MP

Modulus of el;

0 20 40 60 £0 100
Replacement of aggregate with waste glass aggregate

Fig. 7. Comparison between modulus of elasticity of
waste glass aggregate concrete

microscopic pores m the concrete matrix as shown in
Fig. 8 (Anonymous, 2010) and that give additional
strength to concrete because of less pores inside it. Also,
integral waterproofing concrete works as water reducer
and that leads to fewer pores inside concrete and higher
strength (Chan, 1999; Anonymous, 2017).
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Fig. 8: (a-c¢) Microscope pictures show how crystalline of
waterproof admixture can physically block
the pores inside cement paste and voids
completely sealed (BS, 1981).

CONCLUSION

Compressive, tensile and flexural strength increased
with replacing normal aggregates with glass recycled
aggregate and also modulus of elasticity because of
higher bond with cement paste compressive strength
increased from 27-35 MPa by using only replacement
aggregates with waste glass but increased to about
54 MPa with using integral waterproofing admixture. With
using both glass aggregate and integral waterproofing
admixture, the higher mcrement in compressive, tensile
and flexural strength achieved and also higher values of
modulus of elasticity and that attributed to fewer voids
mside concrete and higher bonds of cement paste with
aggregates.
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