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1. Introduction

Study of the cement mortar compositional material with different carbonate additives is
very perspective field for investigations at the concrete material science. Nowadays, increased
attention to such materials is observed owing to the large volume of waste by-product
materials left at open dolomite stone cast mines and lime stone pits after technological
production of building materials: gravel and fractioned crushed stones. Crushed stones are
produced by crushing large parent mass of rock. Thus, many secondary unwanted tiny
aggregates (powders, sands) are developed with many features depending on the parent rock
properties (e.g., chemical and mineralogical composition, specific gravity, hardness, strength,
physical and chemical stability, pore structure and color).

In recent years, huge quantities of technological waste such as very tiny crushed dolomite
sands, which need to be recycled with maximum efficiency, have accumulated in Latvia. For
example, production of the crushed dolomites leaves a lot of dolomite by-product materials in
the open cast mine at Plavinas. Dolomite sand by-product has been accumulating during
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recent decades, and its quantity has reached a million of tons. Dolomite waste quantity is
increasing very rapidly as well in other open cast mines. Produced waste mostly remains
unused at quarries occupying space and multiplying overall technological costs. Such
situation requires the integrated approach to recycling of the produced waste [1-4].

There are many ways and possibilities of using dolomite by-product. It can be used in
agriculture as lime substitute for soil treatment, as quartz sand equivalent in the building
industry, etc. Herewith, we offer utilizing dolomite sand waste at the concrete production
technology. This work starts continuous investigations which aim is preparation and testing of
different concrete materials with dolomite by-product as filler.

This publication focuses on dolomite material usage as the perspective aggregate for
concrete production, substituting traditional (quartz based) sands. The aim of the work is to
develop production technology of such concrete materials with the equivalent or even
enhanced set of properties. Primarily, the structure-property regularities of the produced
material have been determined, as being vitally important. Considering the complicated
nature of dolomite by-product, mineralogical composition of the chosen materials have been
extensively investigated as well as grading analysis of the materials. All these properties have
an important impact on the quality of fresh and hardened concrete. The composition of the
produced concrete material was changed by modifying initial quantities of the dolomite sand
additive in the composition. Compression strength, water uptake and density properties of the
produced concrete material have been investigated.

2. Experimental Methods
2.1. Materials

Dolomite based sand fraction 0/4 mm was taken from the open cast mine at Plavinas and
Remina, Latvia. Dolomite sand was remixed for homogeneity and dry conditioned in closed
oven at 105+5 °C as preliminary preparation for the investigations. Drying conditions of the
dolomite material are chosen in conformity with the preliminary grading determination and
investigations by DTA-TGA analysis and X-ray diffraction method.

Fig. 1. Sand obtained from dolomite by-product (on left) and traditional sand (on right)
2.2. Testing of materials

The specimens of selected dolomite waste have been investigated by using several
experimental methods. The particle size parameters of the materials have been investigated by
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grading analysis with additional washing. The grading analysis has been carried out in
conformity with LVS EN 933-1:1997. Standard sieve set equipped with the mechanic
vibration table has been used.

Mineralogical structure of dolomite sand specimen has been examined by the Wide
Angle X-ray Diffraction analysis method (WAXD). The X-ray diffraction measurements have
been carried out on the Bruker diffractometer at the temperature of 20 °C. CuK, -
monochromatic radiation with the wavelength of A= 0.154 nm at the range of diffraction
angles 20 from 4 to 50 ° have been used. The scanning rate was 2 deg/min.

Chemical and physical properties of the raw materials have been investigated by the
differential thermal analysis (DTA-TGA). The specimens weighting about 10 mg have been
heated at the rate of 10 °C/min at the temperature range from ambient to 1000 °C on the
Paulig/Paulig equipment. Thermal stability of the dolomite material has been evaluated by the
weight-loss curves.

2.3. Testing of samples

Various specimens of concrete filled with ether quartz or dolomite based sands were
prepared. Consistency of the concrete mixes was determined by means of cone slump and
cone flow [5, 6]. The mixtures of concrete have been cast into the oiled steel cube shape
moulds, according to the standard LVS EN 12390-2:2002 [8]. The samples have been
subjected to normal hardening conditions until complete solidification.

The specimens of concrete have been tested in accordance with LVS EN 12390-3:2002
[9]. Uniaxial compressive strength has been checked on the compression testing machine with
accuracy +1%. A set of three samples was tested for each composition after the 7- and 28-day
ageing period.

Water absorption has been tested in accordance with the standard I'OCT 310.4-81 [7].
Water penetration has been measured according to LVS EN 12390-8:2002 [10]. The
specimens have been placed into the experimental testing equipment and aged at the pressure
of 500 kPa for 72 hours. Frost resistance test has been performed by freezing and thawing
cycles in 5% NaCl solution in accordance with the standard 'OCT 10060.2-95 [11].

3. Results and Discussion
3.1. Dolomite by-product properties

Mineralogical composition of dolomite waste has been obtained by X-ray diffraction.
The pattern shown at the Fig. 2 indicates that the main components of the investigated
composition are dolomite CaCO3;-MgCOj; and small amounts of quartz Si0,— 2.5% and calcite
CaCO; — 1.5%. There is no evidence of clay minerals being present in the mix. It is obvious
that dolomite by nature is kind of the primary sediment mineral and has the wide spread
geologic distribution [7]. The chemical formula of dolomite is CaCO3;-MgCO; with the
averaged chemical composition. Results were obtained from the chemical analysis according
to LVS EN 1744-1 which shows that dolomite is 92 %, oxides — CaO ~31 %, MgO ~17 % and
the other oxides which in total are less than 1 % of the weight of the raw material — Fe,O; -
0.34 %, Al,O3 - 0.64 %, NaO - 0.82 %, K,0 - 0.76 %, SO - 0.05 %.
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Fig 2. X-ray diffraction data of the Plavinas dolomite material

The DTA-TGA analysis shows typical decomposition process of dolomite (water
physical adsorption and water chemical debonding from material and separating up of the
material into constituent parts) increasing the temperature. The resolving process of dolomite
occurs at the temperature interval from about 590 °C to 900 °C, which is presented by the
endothermic reaction peaks at DTA curve. The maximum weight loss reaches 45% what is
attributed to emission of CO,. The products of dolomite decomposition are MgO, CaO and
CO,. This process is accompanied by the following chemical reaction [3, 4]:

730-7400C 9000C
CaCO3-MgCO3 — MgO + COzT + CaCO3 — MgO + CaO + 2C02

The X-ray diffraction analysis as well as DTA-TGA results is related to Plavinas’ by-
product sand. Remina’s materials have the same characteristics.

3.2. The mix design

Two different types of fine-graded concrete have been developed, prepared and
numbered as D1-D5, which were fine-graded concretes containing dolomite and traditional
quartz sands varying from 0 to 100%, and the ordinary concretes numbered D6 and D7 with
dolomite waste and traditional quartz based sand. The compositions D1-D7 of the produced
concrete are shown at the Table 1. The concrete mixture components were homogenized in
concrete mixer and then the necessary quantity of water was added.

The compositions D6 and D7 of the concrete mix have been developed with the help of
innovative methodology using the particle size distribution diagrams for all concrete
aggregates (gravel, quartz sands, and dolomite waste) as presented at Fig.3. The volume of the
concrete fillers constitutes to 60-80% of its volume, and thus, granulometry of the fillers has
great influence on the material final features. The resulting grading curves of the concrete
compositions were calculated as resulting of the optimal grading area (fig. 3).
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Fig.3. Particle size distribution of the concrete composition (D6 and D7)
Table 1. Concrete mixture compositions
Fine-graded concrete Norm. concrete
Mix designation D1 D2 D3 D4 D5 D6 D7

Dolomite sand, % by total sand content 0 25 50 75 100 0 100

. . 3
Concrete mixture compositions, kg/m

Portland cement 380 | 380 | 380 | 380 | 380 | 350 | 350
Gravel, 2-10mm - — — - - 1038 | 1038
Quartz based sand of fraction 0/4 mm 1324 | 1000 | 676 | 331 - 586 -
Quartz based sand of fraction 0/0,5mm | 234 177 120 59 - 138 -
Remina dolomite sand - 381 762 | 1169 | 1558 - -
Plavinas dolomite sand - — — - - - 724
Water 245 | 256 | 260 | 264 | 269 | 212 | 224

3.3. Fresh and hardened concrete properties

Fresh concrete mortars properties such as water/cement ratio, cone flow and cone slump
are shown at the Table 2. The analyzed data results show that concrete filled with dolomite
sand has additional water content. Therefore the water/cement ratio has been changed,
keeping the necessary technological parameters: mortar concrete yielding and cone slump.
The water/cement ratio slightly enlarges from 0.69 to 0.76 with increasing of the dolomite
content in the specimens D1-D5.

Cone flow and cone slump of the concrete are kept 170-190 mm and 70-105 mm
correspondingly. Compositions of the D6 and D7 concretes are characterized by lower values
of the cement/water ratio and cone slump.
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Table 2. Fresh concrete mix properties

Mix designation D1 D2 | D3 D4 | D5 D6 | D7

Dolomite sand, % by total sand content 0 25 50 75 100 0 100

Fresh concrete mix properties

Cement/water ratio 0,69 | 0,72 | 0,74 | 0,75 | 0,76 | 0,61 | 0,64
Cone flow, mm 190 | 185 | 185 | 180 | 172 - -
Cone slump, mm 105 | 100 | 105 | 90 80 70 70

Physical and mechanical properties of the hardened concrete are shown at the Table 3.
Density of the concrete compositions D1-D5 remains unaffected with regards to the dolomite
content. Compression strength of the D1-D5 concretes remains unchanged also after 7 and 28
day aging period; it proofs that the cheaper dolomite waste can successfully replace
traditional quartz sands without sacrificing the strength properties. All compositions at the
range D1-D5 show that water uptake of the investigated concretes is not dependant on the
composition and changes inconsiderably.

Compression strength of the compositions D6 and D7 remains the same after 7 and 28
days in spite of higher water cement ratio in dolomite sand filled concrete D7, what could be
an effect of the dolomite additive to the fresh concrete mortars due to changes of the
qualitative and quantitative characteristics of the concrete stone structure formation during the
intrinsic hydration reaction process. Some authors presuppose development of the novel
hydration complex phase on the interface of the cement and dolomite particles possible, that
is featured as the semicrystalline high adhesion and the density complex epitaxial phase [13,
14]. Tension strength of the compositions D6 and D7 is 2.28 and 2.31MPa. Water penetration
of D6 is 20.5mm and of D7 — 32.0mm. Experiments show that compositions filled with
dolomite sand have the same frost resistance as compositions with traditional sand.

Table 3. Hardened concrete properties

Mix designation Dl D2 D3 D4 D5 D6 D7

Dolomite sand, % from total sand content 0 25 50 75 100 0 100

Concrete properties

Density, kg/m’ 2196 | 2170 | 2229 | 2173 | 2229 | 2301 | 2335

Compression strength after 7 days, MPa 16,5 | 16,0 | 16,0 | 164 | 17,4 | 19,5 | 20,8

Compression strength after 28 days, MPa | 27,0 | 27,1 | 26,8 | 28,4 | 28,6 | 32,3 | 31,5

Water absorbtion, % 6,8 8,2 8,3 8,0 7,8 — —
Frost resistance, cycles F100 | F100 | F100 | F100 | F100 | F150 | F150
Conclusions

On the basis of the aforesaid, we consider that the proposed dolomite sand waste can be
used as the quartz sand equivalent material to produce concrete having the set of properties
(cone flow, cone slump, compression strength, water uptake, density) being equal to those of
the traditional concrete filled with quartz sand.

It is determined that the crushed waste produced at the Plavinas open cast mine is
practically pure dolomite mineral.

The D1-D5 compositions, filled with dolomite sands Remina, require additional water
quantity to maintain homogeneous fresh mortar concrete properties. The specimens with
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dolomite filler have equal compressions strength values with ordinary concretes: ~16-17 MPa
and ~26-28 MPa after 7 and 28 days correspondingly. Water absorption of all compositions is
unaffected.

The concrete composition D7, filled with dolomite sand Plavinas, has the same
compression strength as the D6 composition filled with ordinary quartz sand.
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samazinasanos, bet ari ar lietderigu tadu atkritumu apsaimniekoSanu un izmantoSanu, kuri radusies citos
biivniecibas sektoros. Darba galvenais mérkis ir aizvietot tradicionalas kvarca smilsu pildvielas betona
razosanas procesd ar alternativam pildvielam — dolomita atkritumiem, kuru uzkrajumu apjomi dolomita
izstrades karjeros ar katru gadu ieverojami palielinds. Pétijumu gaitd tika izgatavoti paraugi un veiktas
parbaudes, lai salidzinatu tradicionala betona un tada betona ipasibas, kur kompozicijas izveidei kvarca smiltis
daléji vai pilniba aizvietotas ar dolomita izstrades atkritumiem. Detalizéti izpétits dolomita smilts
mineralogiskais un kimiskais sastavs. Parbauditas un salidzindtas tadas materiala ipasibas ka blivums,
idensuzsiice, stipriba, ka ari salturiba. Paraugiem noteiktas fizikali mehaniskas ipasibas (blivums, iidensuzsiice
un spiedes pretestiba, salizturiba). Noskaidrots, ka dolomita blakusproduktu smilti veiksmigi var izmantot ka
alternativo pildvielu betona izgatavoSanai.

Korjakins A., Gaidukovs S., Sahmenko G., Bajare D. and Pizele D., Investigation of alternative dolomite filler
properties and their application in concrete production.

Using unconventional raw materials for manufacturing different building products is an urgent task at present,
in the light of the rapidly developing building production in Europe. The main subject of this study is usage of
dolomite waste as alternative filler in production of concrete, due to the insufficient capacity of the dredged
quartz sand production used in manufacturing concrete. The goal of the study is to examine mechanical and
physical properties of the products containing different amount of dolomite waste and their comparison with
properties of the traditional concrete. Mineralogical and chemical structure of dolomite sand has been
investigated in details. It is determined, that compositions with dolomite sand require more water to provide the
same mix consistency. Physical and mechanical properties, such as density, water absorption, strength, have
been determined and compared. Tests have been also performed to determine frost resistance. Concluded, that
alternative dolomite by-product sand can be successfully used as the quartz sand equivalent material.

Kopaxun A., F'aiioykoe C., Lllaxmenxo I'., baape /I. u Iluzene /I. Hccnedosanue c6oiiche anbmepuamugHozo
00/10MUMHO20 3AaNOTHUMENA €20 NPUMEHEHUE 0713 NPOU3600CMEa Demona.

Hcnonv3oeanue HempaduyuonHozo coipbsi 0isi NPOU3EOOCMEA PAIUYHOU CIPOUMENTbHOU NPOOYKYUU SIGTSeMCsl
AKMYAIbHOU COBPEMEHHOU 3a0adell 8 céeme CMPEeMUmenbHO PA3USAIOULe20Cs CIPOUMEIbHO20 NPOU380OCMEd 8
Eepone. Inasuvim npeomemom 3mo20 UCCAe008AHUS ObLIO UCNOAb308AHUE OOJOMUHBIX OMX0008, KAK
ALMEPHAMUBHO20 HANOJIHUMEIS. PU NPOU3B00CHEe OeMOHA U3-3a HeOOCMAMOYHOU MOWHOCIU NPOU3B00CEA
K8apyeeo20 necka UCnoib3yemo20 npu useomosieHuu 6emoua. Ilenvio smoiti pabomei 6bL10 Uccaed08aHUe
Qu3uUeCKUX U MEXAHUYECKUX CBOUCME NPOOYKMOS, COOEPHCAWUM PA3IUYHOEC KOJIUYECME0 OO0JIOMUNMHBIX
OmMX0008 U UX CPABHEHUe CO CEOUCMEAMU  MPAOUYUOHHO20 6emoHa. B npoyecce uccnedosanus 6Ovinu
U320MoGIeHbl 06PA3YbL U NPOBEOSHbl UCHBIMAHUS C Yelbl0 Onpedeiums, KaK 6Iusem 3aMeHa mpaouyuoHHO20
necKka Ha albMmepHAmuGHbIl OOJIOMUMHbLIL NECOK, NOLYYEHHbIN U3 OOJIOMUMHBIX 0MX0008. [lemanbHo onpedeneH
MUHEPANo2UdecKull U Xumudeckuii cocmas mamepuanos. Onpedeiienvl U CpAHeHbl maxue @uzuyeckue u
MexXaHuuecKue CGOUCMEA Mamepuald, Kaxk RNIOMHOCMb, 6000no2ioweHue, npouHocms. IIposedeno
9KCHEPUMEHMANbHOe OnpedelieHue MOpPO30CIOUKOCMY 0Oemond. Ycmanoeneno, umo  albmepHamueHbll
OO0NOMUMHBLL NECOK MONCHO C YCHEXOM UCNONb308AMb KAK ANbMEPHAMUBHBLI 3aN0JIHUMeNb Demona.
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