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1. Introduction

Investigations on glass waste utilization and aipglyhis one as a filler in concrete mixes havenbee
investigated by many researchers in previous ygare]. Glass is silicate material, containing
different oxides. The main component is silicatédexSiG in amorphous state. Several types of
glass, such as soda-lime silicate, alkali-silichtere-silicate glass are producing in the worlde Th
object in this study is bore-silicate glass remairafter fluorescence lamp utilization. Glass raio
utilization problem is actually over the world. decordance with European Committee design use of
simple incandescent lamp should be restricted26ill2. Therefore the problem of utilization a
fluorescent lamp will be more topical in Europesaftome years.

On of a way of glass waste utilization is applicatof it as concrete filler. Previous investigaion
indicate, that glass can be used not only as fileconcrete, but also as an active component in
concrete that initiate reaction with cement mirgerad coarse crushed glass used as concrete
aggregate can issue the alkali-silicate reactiorihé hard concrete, resulting harmful expansion in
interface between cement and glass surface [3lhénsame time it is proven that grinded glass
particles (<75um) may be beneficial component in concrete. Glagsadiiller initiate puzzolanic
reaction and harmful deformations in this case dbesist [4].

At present new types of concrete products heve bdesduced, such as Pumping concrete, Self-
Compacting Concrete (SCC), High Performance coadidPS) e.t.c have been introduced. The new
types of concrete are multi-component mix systedpgcial requirements for aggregate grading must
be taken into account and especially fine parti¢ls called “micro filler”) content should be
controlled. Dolomite, limestone powder, fly-ash asilica fume are usually used as micro-filler in
modern concrete mixes. Micro-filler is one of mespensive mix component, it cost may make up a
half part from cement cost. Micro-filler replaceréry waste products, such as ground glass waste,
is very actual task nowadays.

The aim of this work is to investigate possibiktieo use ground lamp bore-silicate glass waste as
micro-filler for conventional plastic concrete mixe

2. Materials

The object of this investigation is recycling mé&er Chemical composition glass wast€able 1

obtained from bore-silicate lamp glass. Lamp Content Tolerance
recycling process includes lamp classificationsgla| Components (mass %) + 05
separation, cleaning from harmful components and Sio, 7405 05
grinding. The waste product is white powder having PbO 0 05
grain size smaller than 0.4 mm. Investigation of — g o 16.63 05
chemical composition and grading analyses of — aj0, 165 03
received waste product was carried out preliminary. Fe,0, 0.16 0.05
Chemical analysis results of glass waste afe CcaO 2.09 0.2
summarized in Table 1. The product contains 74.3 % MgO 0 0.2
of silicium oxide SiQ, and 16.6 % of bore oxide [\EXe) 3.82 0.1
B,O;, thus material is classified as bore-silicate K,0 0.93 0.1

glass. Total 99.48 -




Particle size distribution of material was maddaser diffraction analysis method. Testing matsrial
was dispersed in water using ultrasonic bath. Tlseeaples of glass waste have been tested and
minimal difference between results has been obde®btained grading curves are shown in Figure
1. Grading analyze shows that material containg\patticle size in range fromu2n up to 70um.
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Fig.1. Distribution of granulometric curve of ground lamlass particles
3. Mix compositions and sample testing

The program of this study provides carrying outexkpents on the base of conventional concrete
mixes having strength class from C20/25 ... C35/4&bdratory mixes were designed close to
concrete mix commonly used in industry as a pumpingcrete. Normal moderate hardening
Portland cement CEM | 42.5 N was applied as bindiggnt. Dolomite based natural gravel has been
used for preparation of mixtures. Coarse and fare@ombination was applied as fine aggregate of
a concrete. Proportions between aggregates wagratatl in order to obtain the best grading curve
of aggregate, taking into account optimum rangevesirin accordance with DIN 1045. Modern
concrete technology provides controlling not ongigregate grading curve, but also fine particle
content, which is necessary to provide satisfactoby workability. For example, in order to obtain
pumpabilited mix of concrete, recommended fineipircontent (< 0.125 mm) is 375...450 kd/m
Modern advanced concretes such as self-compadtigly,strength and high performance concrete
are very susceptible for content of micro-fillemaigiture. Due to this fact the investigation of gndu
glass waste influence on the properties of condsetery important task for improving a concrete
technology.

The experimental work consists on three parts. @emes been replaced by ground glass in the first
part of experiments. Four mixes have prepared, evloérO, 10, 20, 40 % of cement has been
replaced. In the second series of samples the glassler has been added to concrete as sand
replacement. In the third stage the ground glask diffierent micro-fillers have been applied in
different proportions in concrete mixes.

Mix proportions are summarized in Table 2, Tabbnd Table 4.



Concrete mixes was prepared in laboratory drum m(gapacity 50 I). The dry ingredients were
weighed and mixed for a one minute, 70 % from desigwater content was added during next 1
minute. Super plasticizer has been added to thedaring mixing as last component.

Mixes were tested for workability using slump té8ater dosage is selected to provide cone slump
in range 50 ... 100 mm.

It was observed the concrete mixes containing gtoglass has more tacky consistency in
comparison with conventional concrete mix. In tlane time mixes with glass requires little bit
more water for obtaining the similar workability.

Standard testing samples cubes 100 x 100 x 100 awe been produced for investigation the
physical and mechanical characteristics of the i@ac Concrete mixtures have been cast into the
oiled steel moulds and compacted at the vibraabtet After two days samples was dismantled. The
standard hardening conditions (temperature’@2&H > 95 %) have been provided for the samples.
Sample measurements and testing have been perfarfteedhe 7, 28, 84 and 112 day ageing period

in the standard conditions.

The samples have been tested on compression striengbnformity with LVS EN 12390-3:2002.
The compressive strength has been tested by testiehine with accuracyl®o, the rate of loading

was 0.7 MPa/sec.

Table 2
Mix proportions with ground glass admixture as cetmeplacement
SO S10 S20 S30 S40
Cement CEM 1425 N 380 342 304 266 228
Gravel 2/10 mm 1000 1000 1000 1000 1000
Sand 0.3/2.5 mm 650 650 650 650 650
Sand 0/1 mm 120 120 120 120 120
Ground glass 0 38 76 114 152
Water 214 213 213 214 216
Table 3
Mix proportions with ground glass admixture as seaplacement
SCO SC5 SC10 SC20 SC30
Cement CEM 1425 N 350 350 350 350 350
Gravel 10/20 mm 520 520 520 520 520
Gravel 2/10 mm 485 485 485 485 485
Sand 0/4 mm 725 725 725 725 725
Ground glass 0 17.5 35 70 105
Water 200 200 200 200 217
Table 4
Mix proportions with different micro-fillers
SO SD S60 CcC SF S60SF
Cement CEM 1425 N 380 380 380 380 380 380
Gravel 2/10 mm 1000 1000 1000 1000 1000 1000
Sand 0.3/2.5 mm 650 650 650 650 650 650
Sand 0/1 mm 120 120 120 120 120 120
Ground glass 80
Dolomite powder 80
Additionally (60 min.) ground glass 80 40
Additional cement as micro-filler 80
Silica fume 80 40
Superplasticizer 4.7 4.7 4.7 4.7 4.7 4.7
Water 214 213 213 214 216 200




4. Results and discussions

In the first series of samples cement was parthtamed by glass filler. Glass filler influence on
compressive strength of concrete is shown in Figex®erimental results indicate decreasing the
compressive strength of concrete where part of nemas replaced by ground glass filler. Required
water content differs fractionally for all mixeshé effect of strength decreasing can be interpreted
by increasing in water cement ratio.
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Fig. 2. Cement replacement by grounded lamp glass: cosipesstrength test results

In the second series investigation sand has ba#ly peplaced by glass filler. Results obtainediro
the tests of specimens show nonessential affegfast filler on concrete compressive strength after
7 and 28 days hardening. It must be noted thattedfeglass filler become apparent after 112 ddys o
hardening (increasing of the compressive strengthis behavior of material can be explained by
puzzolanic reactions between glass and cement aeenp®during long-term hardening process.

The next stage of investigations devoted to evimmaand comparing influence of glass filler and
other traditionally used fine materials, such akuhite powder and silica fume on the mechanical
properties of concrete. All concrete mixtures contaicro-filler in amount 80 kg/thas well as
superplasticizer (Tab. 4). The first basic mix (806htains bore-silicate glass filler (LGP). Mixe® S
and SF comprise dolomite powder or silica fumeefdl correspondingly. In the framework of
experiment the effect of additional glass grindimas investigated. Bore-silicate glass powder was
additionally ground in laboratory planetary ballllnadiuring 60 minutes. Additionally ground glass
was used as micro-filler in mix S60. Mix S60SF pres complex filler containing additionally
ground (during 60 minutes) glass and silica fumeptioportion 1:1. In mix CC micro filler was
replaced by additional amount of cement, this cositipm was used to compare the effect of
different micro fillers. Compressive strength résare summarized in Figure 3.
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Fig. 3. Sand replacement by grounded lamp glass: compessiength test results

Comparing obtained results (Fig. 4), the minor @ffan compressive strength is observed in the case
of untreated glass powder (mix S0) and dolomitegmvas micro filler (mix SD).

The experimental results indicate a good positfieceof additionally ground glass filler, espetyal
after long term hardening. For example, adding &@nk of ground 60 minutes in the planetary ball
mill glass (mix S60) gives the same effect afterd@}s as adding the same amount of cement (mix
CC).

The best compressive strength results in all age achieved by using silica fume as micro filler
(SF) and silica fume combination with additionagiyound glass as complex admixture (S60SF).
These compositions perform the best compressieagttn of concrete (about 80 MPa) after 112 days
hardening process. Mixes SF and S60SF may be fatasas high strength concrete in accordance
with standard LVS EN 206-1:2000 classification.

It may be summarized, that one of the effective smafybore-silicate glass waste utilizing in coneret
is applying the ground glass, as active micro rfill@rinding process increase specific surface of
material, thus additional activation of puzzolammactions and hardening processes could be
achieved. It may be supposed glass additional igigndan issue changing a size of particles and
packing of micro filler material. Ground glass feé shape, packing and grading curves in micro
level should be investigated particularly in future

Ground glass filler may be used as admixture inllsamaount (20...100 kg/f) for plain concrete
with aid to improve workability, for example in amix technology for pumpable concrete.
Additional investigation should be made in thisedtion.

Durability characteristics such as freeze-thawstasce, water permeability and chemical resistance
of concrete with content of ground glass have bextrinvestigated till now and are subject for fetur
research.
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Fig. 4. Effect of different micro fillers: compressive etigth test results

6. Conclusions

Bore-silicate glass waste has been investigatddainh to use this material for producing concrete.
Glass has been ground in the different rate antieabgs fine filler and micro-filler in concrete mi
replacing traditional sand or cement corresponging|

Replacement of cement by fine ground reduced cassjue strength of concrete. Workability of
concrete mix containing glass filler is good, bux imas tacky consistency.

By replacing traditional sand by ground glass kerfio concrete mix in range 5 ... 20 % glasefill
by cement mass the mechanical characteristicsmufrete can be improved and mix workability can
be achieved.

Concrete mixes containing ground bore-silicategsform long-term hardening effect, which may
be explained by puzzolanic reactions with cemenpmnents.

Bore-silicate glass may be used for producing ceteaas fine filler replacing traditional sand asd a
micro filler after activation by additional grindjrreplacing cement or as admixture.
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Sahmenko G., Korjakins A., Baimanis G. Lampu borsilik ata stikla atkritumu pielietojums betona ka
mikropildvielas.

Lampu stikla racioalas utilizicijas probEma ir aktuila visa pasaué. Darba tiek petita iesgja izmantot
samaltus borsiliita lampu stikla atkritumus ak mikropildvielu parasim betonam. Tika veiktas igr
eksperimentu&ijas. Bija izgatavoti betona testanas paraugi, kuri grbaudti uz spiedi 7, 28 un 84 (112)
dienu vecuma Pirma eksperimentu &ija da/a no cementa tika aizvietota ar samaltu stiklu. UReizz
konstagtas betona stiphbas samazi@Sanis atbilstoSi aizvietota cementa daudzumama @ksperimentuésij a
stikls pievienots virs cementa kmilts aizvietaljs. Rezulita tika no\erots stipibas neliels pieaugums, karar
maisjuma iestadajamibas uzlaboSars sastviem, kas satur 5dz 20 % samalta stikla. Tregagksperimentu
serija tika safdzinati betoni ar samalto stiklu un @i tradicionzlam mikropildviefim, ki arr petits efekts no
stikla papildus samalSanas. Eksperinadiet rezultiti paradija labu pozitvu efektu, kas dod stikla pulvera
papildus samalSana. Auggie spiedes stipbas widitaji (ap 67 MPa 28 dienu vecuirun 80 MPa 112 dienu
vecuna) iegiti sasttvam ar mikrosiiciju un ar kompleksa piedevu mikrasijs ar papildus samalto stiklu
attiedba 1:1. Sasiviem, kas satur mikrogdiju vai samalto stiklu, ka artags kombidcijas konstaits
ieverojams stipfbas pieaugums ilgstacietzSanas period, kas nofida uz pucaina reakcigm ar cementu.
Veikto eksperimentu rezalfi var secimt, ka samaltais lampu borsilika stikls var tikt izmantotsakefekiva
piedeva betonam, bet to pi&i izmantoSanai ir nepiecieSams detaiizizpétit dglinu granulometrisko
sastivu mikro fmert, papildus samalSanas iegas un iegta betona ilgmzbasipasbas.

Sahmenko G., Korjakins A., Baimanis G. Bore-silicate glass waste of lamp as a micro- for concrete

Lamp glass rational utilization problem is actuatlyer the world. The possibilities for use lampdssilicate
glass as concrete micro-filler have been invesddan this work. Tree experimental series was egrut.
Experimental standard concrete samples was prepanedtested after the 7, 28, 84 (112) day ageingpgen
standard condition. The first part of experimentovides using ground glass as cement replacement.
Experimental results indicate decreasing in comgikesstrength when part of cement was replacedrbyngl
glass filler. The second experimental series prsselding glass filler additionally to cement asnda
replacement. Experimental results indicate nondsalestrength increasing after 7 and 28 days haiidgrfor

mix containing 5 ... 20 % ground glass by cemehe Mext stage of investigations provides to compare
behavior of glass filler and other traditionally e fine materials, effect of glass additional gimglalso was
investigated. The experimental results indicate tllass powder additional grinding gives positivifeet on
strength characteristics. The best compressivangth results (approx. 67 MPa in 28 days and 80 NiPHL2
days) were achieved by using silica fume as mitles &ind silica fume combination with additionalyround
glass as complex admixture. Concrete mixes comginiicrosilica and ground bore-silicate glass penfo
long-term hardening effect, which may be explailgd puzzolanic reactions with cement components.
Summarizing results of investigation it may be dahed that ground bore-silicate lamp glass sucdgsfuay

be applied as microfiller for concrete. In the satime additional investigations on micro filler gfimg and
grinding conditions must be made in future. Obtdineoncrete durability characteristics also must be
investigated.



Maxmenko I'., Kopsikun A., Bymanuc I'. Ucnojib30BaHMe 0TX0/10B JIaMIIOBOT0 0OPOCHJIMKATHOIO CTEKJIA
B KaYeCcTBe MUKPOHAMOJIHUTEIS 0eTOHA.

Ymunuzayus omxo0oé prayopecyenmuvix namn seisemcs cepbesnoll npobremoi ¢ Eepone u 6o ecem mupe. B
OaHHOU  pabome  UCCIeOYemCss — B03MONCHOCHb — UCNONb308AMb  NEPEMONIOMble  OMX00bl  AMNOBO20
6OPOCUNUKAMHO20 CMEKIA 8 KAYecmee MUKPOHANOIHUmMeNst Oist 00biuH020 6emona. bvliu nposedenvt 3 cepuu
akcnepumenmos. Iomosunucy bemonnvle 0opasyvl, KOMOPbl UCHBIMBIGANUCH HA NPOYHOCHb NPU CHCAMUU 6
pasnvle Cpoku meepoeHust. B nepeoil cepuu uacmo yemenma 3amewaniocs MoiOmulM cmekiom. B pesyiomame
HAbA0OANOCH NOHUdNCEHUEe NPOUHOCTHU COOMBEMCMEEHHO 3AMeueHHOl 00nu yemenma. B ciyyae 0obaexu
MOIOMO20 AMNO6020 cmekia ceepx maccol yemenma (6 konuvecmee 0o 20%) nabniodaroce nesnauumenbroe
yeenuueHue NpoOYHOCMU, a MaK e  VayyuleHue y0oboykiadvieaemocmu cmecu. B mpemveil cepuu
cpasHuganuch  OemoHvl ¢ MUKOHANOIHUMENeM U3  MOJIOMO20 CmeKia U ¢  mMpAOUYUOHHbIMU
MUKDOHANOJHUMENAMU, 4 MAK Jice UCCIe008aANACh B03MONCHOCHb OONOIHUMENIbHO20 O0MOAAd CMEKId.
Yemanoeneno, umo  dononinHumenvHulii  00MON  CMEKNAHHOZ0 HOPOUWIKA  NOJONCUMETbHO — GlUsiem  Hd
npouHOCmHble Xapakmepucmuku 6emona. Haunywwue npounHocmuvlie Xapakxmepucmukiu NOIyYeHvl Oas
€coCmasa ¢ MUKpOCUIUKOU U KOMNACKCHOU 000A68KOU MUKpocuauka ¢ oomonomeim cmekiom 1:1 —oxono 67 6
sospacme 28 oneit u 80 MPa - 1120nei. {ns cocmagos ¢ MOIOMbIM CIMEKIOM HAOIIOOANCS 3HAYUMENbHbLI
npupocm npouHocmu nocie 28 Cymox meepoeHusl, 4mo YKA3bleaem HA NYYYOLAHOBble DEeaKyuu MexHcoy
MonomblM cmeKnom u yemenmom. Kak saxmouenue ommeueno, umo monomoe 1amnogoe OOpOCUTUKAMHOE
cmeKkno modicem Ovimb xopouteli 000a6Kkol 6 b6emon, Ho 015l IPHexmusHoeo e20 npuMeHeHus: Heoxo0uUMo
b6oree  0emanbHO  UCCIE008aMb  CPAHYIOMEMPUI0  YACUY 6 MUKPO  OUANA30He,  B03MONCHOCIU
O0ONOTHUMENBbHO20 0OMOJIA, A MAK JHCe UCCAe008amb 001208€UHOCHb NOYYEHHO20 MAmMepuadd.



