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Abstract: Strength enhancement and microstructural alterations can be tailored in concrete with the matrix
densification and this is achieved with the incorporation of micro fillers and reactive silica powders. The present
study focused on the addition of glass powder with the reinforcing effects of glued steel fibres on the
improvement in hardened properties of concrete. White glass powder was added at 10% and 20% replacement
(by weight of cement) and steel fibres at 0.5% to 1.50 % by volume fraction of concrete were added in concrete
mixtures. The effect of steel fibres on the improvement in compression and flexural properties of concrete were
evaluated. Test results showed that 20% white glass powder with 1.5% steel fibres showed higher flexural
resistance and exhibited a good improvement in strength index. A maximum compressive strength was noted
with the addition of white glass powder and steel fibres with a strength value of 33.10 MPa and 47.29 MPa at
7 and 28 days respectively. 
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INTRODUCTION rupture occurs with large deformation after post elastic

The beneficial utilization of waste glass obtained from studies showed that fineness of four different crushed
the glass manufacturing industry is one of the major glass powder from dust collector in a ball mill and coal fly-
issues causing safe disposal in the environment. Glass is ash were used, the particle size distribution and Blaine
a  non  bio-degradable  in  the  natural  environmental fineness method were tested, demonstrated that the
condition and it is not easy to decompose at present ground glass powders exhibited very high pozzolanic
condition therefore waste glass powder addition in activity and the rapid mortar bar expansion test results the
concrete in various proportions has been studied replacement of Portland cement with ground glass powder
systematically. Higher level of replacement of glass also reduces the expansion due to alkali aggregate
powder up to 20% is one of the promising methods for reaction [2, 3]. Investigation in another study indicated
improving the load resistance of the concrete composite satisfactory performance of glass powder (GLP) that is
in compression and tension. Inclusion of steel fibres in soda lime glass to react with concrete as a pozzolanic
concrete provides high reinforcing efficiency and thereby material [4-6]. The test results indicated that the various
improves the matrix strength of concrete. Generally plain proportions of glass powder up to 30% can be
concrete shows a sudden failure as cracks grow incorporated with cement without affecting the concrete
unsteadily and the introduction of steel fibres avoids the properties. The strength gain was slower in glass powder
brittle failure. Toughness and ductility of plain concrete concrete up to 28 days, but later ages the strength was
are improved with the addition of steel fibres. Glued steel achieved about 55 MPa after 90 days. In another study it
fibres have been widely used in this aspect for improving is understood that the influence of fine glass powder with
the uniform dispersion ability as well as to improve the the cement hydration process is accelerated and the
composite ductility [1]. Fibre pullout is commonly strength activity index over a period of time showed better
observed in the case of high strength fibre; whereas fibre improvement [7, 8]. It is well documented that the glass

deformation in glued steel fibre concrete. Research
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powder modified pastes showed higher non-evaporable
water contents than the plain pastes and fly ash modified
pastes and it was concluded that strength enhancement
was noticed in the system which had glass powder.
Investigations were also made in concrete incorporating
calcium aluminosilicate glass (CAS) particle as an
alternative material for conventional supplementary
cementitious systems that is fly ash and blast furnace slag
[9]. The test results showed that higher strength due to
combinations of finely ground limestone and CAS
glasses. The substitution of glass powder in concrete
upto 20% were found to show resistance to alkali silica
reaction, capillary absorption, accelerated carbonation
and chloride ion penetration resistance. Studies also
showed that right selection of concrete ingredients
resulted in higher strength compared to conventional
concrete mixes due to the effect of addition of chemical,
mineral admixtures and fibre reinforcements [10-12]. 

Research Significance The influence of matrix
densification on the addition of glass powder was
investigated in this study with careful concrete mix
design. A special attention was shown to design the
various concrete mixture proportions with different fine to
coarse aggregate ratio and also different replacement level
of white glass powder with various steel fibre dosage. The
improvements on the concrete matrix hardening properties
with the addition of glass powder and steel fibres were
evaluated and analyzed using fundamental concrete
mechanics.

Experimental  Investigation:  The  details  of  materials
used in the present experimental investigation are as
follows.

Materials Used A 53 grade ordinary Portland cement
(conforming to IS 12269-1987 [13]), the specific gravity of
3.17 was used in this study. River sand obtained from
locally available source passing through 4.75 mm Indian
Standard sieve and conforming to zone II (IS: 383-1970
[14]) with a fineness modulus of 2.81, specific gravity of
2.65 and water absorption of 0.64 % at 24 hours. Machine
crushed well graded angular blue granite stone with 12.5
mm maximum size, the specific gravity was found to be
2.83, fineness modulus of 7.20 and water absorption of
0.65 % at 24 hours for was used.

Admixtures Polycarboxylate ether based super-
plasticizer condensate was used as high range water
reducer admixture with a specific gravity value of 1.18.
Glued steel fibres were used in the present study and the
various properties of the  material  are  given  in  Table  1
and the snapshot of the fibre used  is  given  in  Figure  1.

Table 1: Properties of glued steel fibres (GSF) used in the study
Material Glued steel fibres
Relative Density 78 kN/m3

Length 30 mm
l/d ratio 60
Diameter 0.5 mm
Tensile strength 1450 MPa
Failure strain 4.5 %

Table 2: Chemical properties of cement and White glass powder (WGP)
Composition (% by mass) Cement Glass powder
Silica (SiO ) 20 71.92

Alumina (Al O ) 4.5 0.42 3

Iron oxide (Fe O ) 3 0.22 3

Calcium oxide (CaO) 60.7 9.5
Magnesium oxide (MgO) 2.4 3.3
Sodium oxide (Na O) 0.16 13.52

Potassium oxide (K O) 0.82 0.12

Sulphur trioxide (SO ) 3.4 -3

Loss of ignition 2.9 0.36

Fig. 1: Snapshot of glued steel fibres used in study

Fig. 2: Snapshot of white glass powder used in study

The white glass powder was obtained from the nearby
glass making industry, Chennai; passing through 90
micron was used  as  filler  material  and  the  properties
are  given  in Table 2  and  snapshot  for  glass  powder
as  seen  in Figure 2. 
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Table 3: Concrete mixture proportions
Cement Fine aggregate Coarse aggregate Water

Mix Id Glass powder (%) Glued steel Fibre (%) --------------------------------- kg/m  -------------------------------- F/c ratio w/b ratio SP (%)3

G 0 0 473 660 1100 189 0.6 0.4 1.0
G1 0 0.5 473 660 1100 189 0.6 0.4 1.0
G2 0 1 473 660 1100 189 0.6 0.4 1.0
G3 0 1.5 473 660 1100 189 0.6 0.4 1.0
G4 10 0 473 660 1100 189 0.6 0.4 1.0
G5 10 0.5 473 660 1100 189 0.6 0.4 1.0
G6 10 1 473 660 1100 189 0.6 0.4 1.0
G7 10 1.5 473 660 1100 189 0.6 0.4 1.0
G8 20 0 473 660 1100 189 0.6 0.4 1.0
G9 20 0.5 473 660 1100 189 0.6 0.4 1.0
G10 20 1 473 660 1100 189 0.6 0.4 1.0
G11 20 1.5 473 660 1100 189 0.6 0.4 1.0
Note: F/c- fine to coarse aggregate ratio, w/b- water to binder ratio, Sp- Superplasticizer

Fig. 3: Concrete mixture machine 

Fig. 4: Test set up for Compressive testing machine testing are shown in Figures 4 and 5.

Mixture Proportions and Casting of specimens A RESULTS AND DISCUSSIONS
conceptual mix design adopted for various concrete
mixture proportions are provided in Table 3. A total of 12 Compressive strength The increase in the percentage
(G to G11) different concrete mixtures were proportioned of white glass powder addition showed better
based on the water to binder ratio (w/b) 0.4 and fine to improvement in the compressive strength compared to
coarse  aggregate  ratio  (F/c)  0.6.  The  concrete controlled concrete (Table 4). The strength of various
ingredients  were  mixed  using  a   30   liters  capacity concrete mixes containing different replacement level of
tilting drum type mixer as seen in Figure 3 and  specimens white  glass  powder  with  the  different  dosage   level  of

Fig. 5: Test set up for Flexural strength of concrete
specimens (Third point loading)

were casted using standard steel moulds. Cube moulds of
size 100 x 100 x 100 mm, cylindrical moulds of 100 mm
diameter x 200 mm height and all the specimens were test
as IS 5816-1970 [15] and beam mould of size 100 x 100 x 500
mm were used for flexural strength at different curing
days. The fresh concrete mixtures in the moulds were
compacted on a table vibrator and the specimens were
demoulded after 24 hours after curing in water tank. The
experimental test set up for compressive and flexural
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Table 4: Compressive strength for various percentages of fibres at different mixture proportions
Compressive strength (Mpa) Split Tensile strength (MPa)
----------------------------------------------- -------------------------------

Mix Id Glass powder (%) Steel fibres (%) 7 days 28 days 28 days
G 0 0 25.90 39.50 3.45
G1 0.50 27.50 40.90 3.52
G2 1.00 28.90 41.30 3.65
G3 1.50 30.50 42.45 3.90
G4 10 0 21.90 41.20 3.55
G5 0.50 22.75 42.80 3.67
G6 1.00 24.65 44.00 3.98
G7 1.50 26.50 45.30 4.01
G8 20 0 29.50 43.10 3.95
G9 0.50 30.10 44.50 4.05
G10 1.00 32.05 46.14 4.20
G11 1.50 33.10 47.29 4.31

Fig. 6: Compressive strength without white glass powder Fig. 8: Compressive strength with 20% of white glass

Fig. 7: Compressive strength with 10% of white glass level of glass powder (20%) and steel fibres (1.5%)
powder Split tensile strength The tensile resistance of

fibres at different curing days was graphically represented strength test. The test results for various mixes (G to G11)
in Figures 6 to 8. It can be concluded that addition of on cylindrical specimens at the ages of 28 days in the
optimum level of white glass powder with 1.5% (V ) of compression testing machine are given in Table 4. Thef

steel fibres showed an increase in compressive strength average split tensile strength achieved at 28 days for
up to 13.58% and 7.86% at 7 days and 28 days and the controlled mix is 3.45 MPa and an inclusion of 10% of
compressive strength was found to be 24.67 MPa and white glass powder with 1.5% of glued steel fibres
34.98 MPa respectively. With the further increase in steel showed a good improvement up to 16.23% (4.01 MPa) at
fibers dosage the strength was found to be increased 28 days. However, with the addition of optimum level of
compared to controlled concrete. This can also be white glass powder at 20% (by weight of cement) with the
concluded  that  the  optimum  fibre  dosage  added  up  to addition  of 1.5% of steel fibres i.e for mixes  G11  showed

powder

1.5% V  can result in good fibre dispersion as well asf

improving the fibre reinforcement index. It is also realized
that a good interaction effects existing as a result of
higher matrix densification as result of micro pore filling
effects of glass powder addition and the delay in the crack
formation due to fiber bridging. This has demonstrated an
improved composite performance in compressive failure
accompanied by a higher ultimate strength at an optimum

concrete was determined indirectly by split tensile
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Table 5: Flexural Strength test results of concrete at different volume fractions.
Flexural strength (MPa)
------------------------------------------------------

Mix Id Glass powder (%) Steel fibres (%) 7 days 28 days
G 0 0 3.40 5.10
G1 0.50 3.65 5.30
G2 1.00 4.12 5.43
G3 1.50 4.43 5.89
G4 10 0 3.31 5.21
G5 0.50 3.59 5.39
G6 1.00 4.01 5.45
G7 1.50 4.47 5.60
G8 20 0 3.40 5.65
G9 0.50 4.00 5.78
G10 1.00 4.30 6.21
G11 1.50 4.50 6.47

Fig. 9: Flexural strength of various glass fibre concretes significantly increased the strain properties: thereby an

Fig. 10: Flexural strength for various percentages of glass (can be referred in Figure 11). This can be evidenced that
powder concretes addition of steel fibres beyond the required reinforcement

an appreciable improvement of 24.93% in the split tensile strength provided by matrix and can result in poor stress
strength of 4.31 MPa at 28 days, when compared to redistribution. A matrix reinforced with optimum fibres can
controlled concrete at 28 days. envisage an efficient stress transfer mechanism upon

Flexural strength The experimental test results on the reaching maximum fibre stress and this result in composite
flexural strength results are provided in the Table 5 and energy absorbing capacity. 
were graphically presented in Figures 9 and 10. It was Ultrasonic   Pulse   Velocity   The   quality of
observed that a maximum strength of controlled concrete concrete was assessed using ultrasonic pulse velocity
was 3.40 MPa and 5.10 MPa at 7 days and 28 days measurement  and  the  values are presented in Table 6
respectively, but in the case of 10% of glass  powder  with and plotted graphically in Figure 12. The UPV values of all

the fibre addition at 1.5% of volume fraction (V ) thef

strength was around 4.47 MPa and 5.60 MPa at 7 days
and 28 days respectively. However, 20% glass powder
replaced cement concrete at 1.5% steel fibres showed a
maximum flexural strength of 6.47 MPa, which was 26.86%
higher than controlled concrete at 28 days. It is
understood from the above test results that the influence
of additional reinforcing mechanisms such as steel fibres
can lead to effective fibre bridging at the crack front the
delay in the cracking initiation accompanied stress
redistribution along the fibres matrix interface can

increased ultimate flexural tensile stress capacity also it
can be concluded that the increased fibre reinforced index
placed a significant role in crack bridging characteristics
at higher stress levels after 80% of the ultimate load where
in instability in the crack propagation leading to fibre
debonding at crack front. Hence after reaching the
maximum tensile strain in steel fibres, stain softening of
the material is reached where in the fibres density
significantly bridges the wider crack opening without a
sudden drop in load and hence stress smoothening
occurred in the post peak region of the stress strain plot

index may reduce the contribution of interfacial bond
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Table 6: Ultrasonic pulse velocity for various mix proportions of concrete
Ultrasonic pulse velocity (m/sec) and rating as per IS 13311 Part 1 [16]
----------------------------------------------------------------------------------------------------------------------------------

Mix Id Glass powder (%) Steel fibres (%) 1 day Rating 3 days Rating 7 days Rating 28 days Rating
G 0 0 3870 Good 4010 Good 4120 Good 4230 Good
G1 0.50 3690 Good 4200 Good 4350 Good 4500 Good
G2 1.00 3810 Good 4280 Good 4400 Good 4490 Good
G3 1.50 3900 Good 4320 Good 4420 Good 4570 Excellent
G4 10 0 3730 Good 4080 Good 4280 Good 4410 Good
G5 0.50 3680 Good 4010 Good 4210 Good 4400 Good
G6 1.00 3640 Good 3910 Good 4150 Good 4360 Good
G7 1.50 3510 Good 3820 Good 4230 Good 4320 Good
G8 20 0 3480 Good 3740 Good 4120 Good 4165 Good
G9 0.50 3470 Good 3650 Good 3980 Good 4010 Good
G10 1.00 3510 Good 3800 Good 4100 Good 4165 Good
G11 1.50 3520 Good 3740 Good 3950 Good 4120 Good

Fig. 11: Snapshot of fibre bridging effects in glass improvements on the matrix densification due to pore
powder concretes filling effect as well as the reaction of silicate in

Fig. 12: Ultrasonic pulse velocity for various mixture was restricted with volumetric bulging due to
proportions of concretes presence of steel fibers and gradual release of

the concrete specimens were found to be in good It can be noted that, the maximum increase in
agreement with the good quality of concrete and the compressive strength was observed to be around
range of values were found to be from 4010 m/sec to 4570 7.86% with the steel fibres compared to the reference
m/sec at 28 days and also recorded for different mixture concrete.
proportions with varying curing days of concrete The maximum increase in split tensile strength was
specimens. The pulse velocity values of concrete around 16.23% with the use of steel fibres compared
indicated a good relationship existing between to the reference concrete.

compressive strength and ultrasonic pulse velocity. The
test results were also found to assess the quality of
hardened concrete produced using the external additives
such as glass, fibres present in the concrete. 

CONCLUSIONS

Based on the experimental investigations the
following conclusions are drawn within the limitations of
the test results.

Glass fibre addition in concrete exhibited promising

alkaline medium of cement hydration products.
The increase in matrix strength properties was
observed in compressive strength which showed a
maximum strength of 47.29 N/mm  for 20 % glass2

powder replacement with maximum steel fibre volume
fraction of 1.5%.
Performance characteristics of glued steel fibres were
dependent on the maximum fibre dosage up to 1.5%,
since steel fibre addition resulted in loss in
workability.
Unconditional failure of plain concrete specimens

fracture energy was anticipated.
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