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Abstract :

Sheet glass waste can be advantageous in concrete making leads to greener
environment .two different series were prepared to accomplish the scope of the study .The
first series was prepared by partially substituting the fine aggregates (sand) with fine sheet
glass waste (fine sheet glass is a waste glass sheet reduced in size into 2.36-4.75mm) .The
substituting of sand in proportions of (10%,20%,30%,40%,50%)by fine sheet glass waste .
The second series was prepared by partially substituting the coarse aggregate (gravel) with
crushed glass sheet waste (crushed glass sheet is waste glass sheet crushed to size of 9-
12mm) .The substituting of gravel in proportions of (10%,20%,30%,40%,50%) by crushed
glass sheet waste . The effect of FGA & CGA on Workability ,Hardness, Density and Vp of
the concrete with fresh and hardened concrete tests were analyzed .The result of the study
conducted ,FGA where determined to have a significant effect upon the workability of the
concrete , hardness, density and UPV higher than to the effect of CGA reaction was
determined to have a dlightly reduction in all properties, the results also showed the better
percent of substitution was 40% FGA as a replacement of sand and the better percent of
substitution was 20% CGA as a replacement of gravel . This study was an environmental
one in consideration to the fact that waste glass could be used in the concrete as fine and
coar se aggregate without the need for a big cost or enormous energy.

Key words. Concrete, Waste glass, glass aggregate.

(I S S Ay 3l a0 (at (g 4BDlad)

¢4 taaa dawy 3 Olalas pelaa daas o ]
e Ao pla: ivalal Lk

- AadAl)
A by Jgas LeDlitul dasil fy Ay Al o pudal) Loaadf JSldal (o glajl) Clilia ad
ol o Al gai JilS 4y jSigS gilad puial A rla il Glilie aadinf danll Jolil Lulddy) cle Ll
DLl ey JgY) £ sill CliLLY) (o (e g7 pudaad af Ciadl) Cisa o Jsaand] o al i oy gty ]
9020 %10) bl Jol! LbuS dolaiin¥ ale 475236 s A gsabell gl e dija
htiS Aalaiind ale]2-9 aaa sl glajll dijs ALl Gadid U g sdll Lol (% 5094096 30
DL o Gl glailly aslll gla i 80 Jalad a7 48ly | (% 504% 4096 30% 2096 10) dusy anl!
aly il dlia gilill) < gl | Ldaaial|g 4 hal) Lilu jAl! L puall (59dl) Cila gall g 50alle AU Lol

233



Journal of Engineering and Development, Vol. 17, No.4, October 2013, ISSN 1813- 7822

i) jgbl Cun ! fasS QA mla il plli e Juily Aol Japdl JoisS aclil] zlajl AiLSY 2a g
%40 Al Gl <ol LY < pgds) 486 Ablral Cunudll dsunilly Lol ALY £ ol dsunilly 130 geilidl] 4 Julf (alds)
L) uead Jdad) (10 % 20 Apaadl pinid il rla S dpeadly Lol ueadll b (pa Ja sl LS as Uil gla il (e
s )0 LA o ddl) Ao abiflaally algd Dl jall 036 o) Silly paad) Gy | paadl oS Gddd) el
ALl S Dyt g 4dle dalS | ) Aalad) o g Luildil) cile liall 4 Lala 1 clilialf a)adiv) LulSaf

1.Introduction:
Glass is a transparent material produced by melting a mixture of materials such as

silica, soda ash, and CaCO3 at high temperature followed by cooling during which
solidification occurs without crystalization. Glass is widely used in our lives through
manufactured products such as sheet glass, bottles, glassware, and vacuum tubing.!”

During the last decades it has been recognized that Sheet Glass waste is of large
quantites and they increasing year by year in the Shops, construction areas and factories.
Using waste glass in the concrete construction sector is advantageous, as the production cost
of concrete will go down.!?

Glass aggregates are considerably different from natural aggregates for a number of
reasons .First , it is a manufactured materia ,therefore its chemical composition is generally
known ,although the chemistry can vary widely between different kind of glass such as
(beverage containers ,window glass, neon tubes , wind shields ,etc) and between different
producers . Its chemical, physical and mechanical properties are also different from those of
natural aggregates because of its amorphous nature .If glassis considered for use as aggregate
in concrete ,the following properties are of particular interest .Glass has basically zero water
absorption capacity .For the design of concrete mix for a specific applications , this is an
advantage ,because the water absorption capacity and therefore water content is no longer a
variable or even unknown ,as is the case with most natural aggregates .Because of the lack of
water absorption and the smooth surfaces of glass particles ,the flow properties of fresh
concrete with glass aggregate are clearly better than those of natural aggregate concrete ,This
means that either improved workability can be achieved or ,for a given workability , a lower
water —cement ratio can be used ,with resulting improvements in mechanical strength and
durability properties ,without the assistance of a super plasticizer. Another advantage of glass
is its excellent hardness and abrasion resistance, which makes it a suitable aggregate for
paving stones, floor tiles, and other application subject to high wear and tear .The durability
and chemical stability of glass are proverbia .

A fina advantage of using post-consumer glass as aggregate for concrete is the
environmental aspect ,because it has the potential of a noticeable impact on the solid waste
streams of major metropolitan areas.””

The biggest problems that needs to be addressed when using glass as an aggregate in
concrete isthe increaserisk of (ASR, akaline silicareaction).

Topcu and Canbaz (2004) [ found that compressive , flexural , and indirect tensile strengths
had the tendency to decrease in proportion to the increase in content of waste glass as coarse
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aggregate in concrete mixtures. Hong..eta (2007)[5] reported that the use of waste glass as
aggregate facilitates the development of concrete towards a high architectura level besides
the high performances of glass, thereafter, the increasing market in industry. Neithalath and
Schwarz (2009)® observed that the replacement of 10% cement with glass powder was found
to result in equal or higher compressive strength of the blocks. Sekar (2011) [ found that, the
concrete made of waste ceramic tiles produced more strength in compression, split tensile and
flexural than ceramic insulator scrap and broken glass material.

2. Aims:
@ Investigate the possibilities of using waste glass in concrete as aggregate by studying
some physical properties.

@ Know the better substitution of aggregate (fine or coarse ) by waste glassin concrete .

@ Find out the suitable percent of substituting and which percent should be avoided

3. Experimental procedure:
3.1 Materials:

3-1-1- Cement

The cement used in this study was Iragi ordinary Portland cement , commercialy
known (TASLUJA). It was stored in dry place to minimize the effect of humidity on cement
properties. The chemical and physical properties of cement are given in Table (1) which
conformed to Iragi Standard Specification N0.5/1984.

3-1-2- Natural Sand Aggregate (N.S)

The fine aggregate used in this study was brought from Ukhaidher area .The grading
of fine aggregate is shown in Table (2).The used sand within zone 2 according to the
requirements of the Iragi Standard Specification No0.45/1984.

3-1-3- Natural Gravel Aggregate (N.G)

The coarse aggregate used throughout this study was brought from Al-Nibaey region
with maximum size of 12mm.

3-1-4- Glass Aggregate (GA)

Transparent sheet glass waste was used in this study , which is minimized in two
different sizes. The first size is 9-12mm to use as a partial replacement of N.G , The second
Sizeinto 2.36-4.75mm to use as partial replacement of N.S.
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Table (1) Chemical composition & physical properties of Portland cement

[tem Content | Spec.Limit [tem Test | Spec.Limit
% result
SO, 20.66 - Fineness(m’/kg) | 310 230
Al>,O3 4.34 - Autoclave exp 0.24 0.8%
Fe,O3 3.40 - Compressive
Strength (M Pa)
CaO 63.71 - 3-days age 17.2 15.0
MgO 2.07 5.0 max 26.0 23.0
7-days age
SO; 1.17 2.8max | Time of setting
L.O.l. 2.52 4.0max | Initia (min) 75 45
Final (hour) min.
[.R.[Insoluble | 1.03 15 4.15 10 max
Residue(%0)]

Table (2) Grading of fine aggregate

4.75 93.2 90-100
2.36 84.2 75-100
1.18 68.0 55-90
0.60 37.8 35-59
0.30 19.6 8-30
0.15 8.8 0-10

3.2 Mixes proportions:

In order to achieve the scope of this study ,The mixes were divided into three sets
.These setsinclude 5 mixes of using waste glassasa partial substitution of natural sandin a
percentage (10,20,30,40,50)%, also 5 mixes of using waste glass as apartial substitute of

236



Journal of Engineering and Development, Vol. 17, No.4, October 2013, ISSN 1813- 7822

natural gravel in percentage(10,20,30,40,50)% .The weight of cement and water remain
constant throughout the work. The proportion of mixes are shown in Table (3).
Table (3) The details of mixes

Mix C(kg/'m Wikgm | W/ N.G(kg/ N.Skg |FG |CG
No. = 3 C m) m’) A A
contro 3350 173 0.5 1030 700 - -
1

FGA1 350 175 0.5 - 630 70 -
0

FGAZ 3350 173 0.5 - 360 140 -
0

FGAZ3 350 175 0.5 - 490 210 -
0

FGA4 3350 173 0.5 - 420 280 -
0

FGAS 3350 173 05 - 350 350 -
0

CGA1l 350 175 05 945 - - 105
0

CGA?2 350 175 0.5 840 - - 210
0

CGA3 350 175 0.5 735 - - 315
0

CGA4 350 175 0.5 630 - - | 420
0

CGAS 350 175 0.5 525 - - 525
0

3.3. Preparation of specimens:

The molds were coated with mineral oil to prevent adhesion of concrete. Metal molds
of (150*150*150) mm size are used for making cubic specimens .Concrete casting was
accomplished in three layers of 50 mm each. Each layer was compacted by using a vibrating
table for 1-1.5 min until no air bubbles emerged to the surface of the concrete mold. All the
specimens were de-molded after 24 hours from casting , marked and then completely
immersed in fresh clean water ,(7,14,28) days, until the time of testing.
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4. Tests:
4.1 Slump test

The slump test is done to make sure a concrete mix is workable. The measured Slump
must be within a set range, or tolerance, from the target slump. This test was carried out
according to standard condition B.S.1881: Part 102.

Tools used in this test Standard slump cone (100 mm top diameter x 200 mm bottom diameter
x 300 mm high),Small scoop ,Bullet-nosed rod (600 mm long x 16 mm diameter), Rule ,
Slump plate (500 mm x 500 mm).

Method of working ,First Clean the cone. wash with water and place on the slump plate. The
slump plate should be clean, firm, level and non-absorbent. Second Collect a sample of fresh
concrete fill /3 the volume of the cone. Compact the concrete by 'rodding' 25 times followed
by fill to 2/3 and again rod 25 times, just into the top of the first layer . Fill to overflowing,
rodding again this time just into the top of the second layer. Top up the conettill it overflows.
Third Level off the surface with the steel rod using a rolling action. Clean any concrete from
around the base and top of the cone, push down on the handles Carefully lift the cone straight
up making sure not to move the sample. finaly Turn the cone upside down and place the rod
across the up-turned cone and measure the difference in height by using aruler.

4.2 Density Test

The density of The concrete cubes (in g/cm?®), was found by weighting these cubes
and dividing the values (mass in grams)by the volume of these cubes (15* 15* 15) cm®.

4.3 Hardness Test

The hardness of concrete cubes was found by taking six reading on each face of the
cube except the face exposure to air and the base due to remaining moisture ,The other
remaining four faces of the cube was cleaned from dust to ensure probably reading of the
device .By taking the average of al 24 reading for each cube in different ages and
percentages , The unit of hardness was taken in Rockwell Hardness.

4.4 Ultrasonic Pals Velocity Test (VP)

This test was carried out according to the British standard BS1881:part
203:1986,using the portable ultrasonic non-destructive indicating tester (PUNDIT).In this test
apulse of longitudinal vibration with resonant frequencies of 54KHZ was produced by an
electro —acoustical transducer and then converted into an electrica signa by receliver
transducer .The transit time of the pulse is displayed by an electronic timing circuit .Grease or
petroleum jelly was applied between the tested surfaces of the specimen and the contact faces
of the transducers to ensure good contact .

238



The pulse velocity (V) in (km/sec) was calcul ated as follows:

Where:
L= path length (m)
t= transit time (micro sec.)

5. Results And Discussion:

5.1. Slump Test

Slump test was carried out to show The effect of (FGA &CGA) on workability .
Figure(1) Illustrates the increase in slump value with substitutions of FGA . These increase
could be due to FGA has a large volume ,cause the mixture to become more consistent .[°!
,From the figure it observed the decrease in Slump value with substitutions of CGA .These
decrease could be due to sharp edges ,harsh texture of CGA.['Y, as the figure suggest the
lowest Slump value corresponding to the mixture which contain the large waste material, in
spite of this lowest value the concrete mixture can be molded appropriately .

Fig. (1) Relationship between slump value and substituted percent

5.2 Density Test

Bulk density test of concrete contained either fine glass aggregate(FGA) or coarse
glass aggregate ( CGA )of specimens made of (10,20,30,40,50)% ,showed that there are two
factor effecting the density are percentages of substitution and the periods of immersion. The
figures (2),(3),(4),(5),(6) showed that for FGA substitution the better density at 40% 28 days
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and for CGA substitution the better density at 20% 28 days, and from the resulted data can be
concluded FGA substitution were better than of CGA substitution at all percentages . The
decrease in the density of the concrete mixes containing coarse glass aggregate can be

attributed to the specific gravity of waste glass is much lower than that of crushed aggregate
produced with general rock. 1Y

Fig. (2): Comparison between the density of (10% FGA ) and (10% CGA) at
different periods of immersion .

FGA

\

CGA W\

\

Fig. (3): Comparison between the density of (20% FGA)and(20% CGA) at

different periods of immersion
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Fig. (4): Comparison between the density of (30%FGA)and(30%CGA) at

different periods of immersion

Fig. (5): Comparison between the density of (40% FGA)and(40% CGA) at
different periods of immersion
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Fig. (6): Comparison between the density of (50% FGA) and(50% CGA) at
different periods of immersion.
5.3. Hardness Test

Hardness test of concrete contained either( FGA or CGA) with different percentages
showed that for FGA substitution the better hardness at 20% 28 days and for CGA
substitution the better hardness at 10% 28 days , and from the resulted data can be concluded
FGA substitution were better than of CGA substitution at all percentages. The decrease in
hardness of concrete containing coarse glass aggregate can be attributed to the poor geometry
of CGA ahomogenous distribution of glass aggregate could not be achi eved'?

Fig. (7): Comparison between the hardness of (10%FGA)&(10%CGA) at

different periods of immersion .
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Fig. (8): Comparison between the hardness of (20%FGA)&(20%CGA) at different
periods of immersion

Fig. (9):Comparison between the hardness of (30%FGA)&(30%CGA)at different
periods of immersion

243



Fig. (10): Comparison between the hardness of(40%FGA)&(40%CGA) at different

periods of immersion.

Fig. (11): Comparison between the hardness of (50% FGA)&(50% CGA) at
different Periods of immersion

5.4.Ultrasonic Pulse Velocity Test (Vp)

Ultrasonic pulse velocity test of concrete contained either FGA or CGA as partia
replacement for sand and gravel respectively of specimens made of (10,20,30,40,50)% showed
that for FGA substitution the better velocity at 50% 28 days and for CGA substitution the better
velocity at 40% 28 days , and from the resulted data can be concluded FGA substitution were
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better than of CGA substitution at al percentages. The homogenous placing of the concrete
failed due to the poor geometry of CGA , and as the proportion of CGA increased , ultrasonic
velocity decreased only in consistently when compared with concrete containing FGA. The

increase in velocity in case of FGA addition ,because of finaly divided FGA effect to bond
properties positively .[4

Fig.(12) : Comparison between the Vp of (10% FGA)&(10% CGA) at different

periods if immersion.

Fig. (13): Comparison the UPV of (20% FGA)&(20%CGA) at different periods of

immersion.
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Fig. (14) : Comparison the UPV of (30% FGA) & (30% CGA) at different periods of

immersion

Fig .(15): Comparison between the UPV of (40% FGA)& (40% CGA) at different
periods of immersion.
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Fig.

(16): Comparison between the UPV of (50% FGA) &(50% CGA) at different
periods of immersion.

6. Conclusion:

Q. Q

the following main conclusion were achieved from this study :

Clear glass waste can be substitute the natural aggregates.

The substitution of fine aggregate is more beneficia than the coarse aggregate.

The homogeneity can play amajor rolein evaluating such substitution.

Recycling of glass waste by converting it to aggregate not only saves landfill space but
also reduces the demand of extraction natural raw material for construction activity.
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