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Abstract: Dolomite and sandstone that can be found in Latvia,
lack the mechanical strength, and for most of the large
motorways the aggregates are imported from other countries
causing increase of the costs and growth of emissions from
transportation. On the other hand, large amounts of Basic
Oxygen Furnace (BOF) steel slag aggregates with good qualities
are being produced in Latvia and put to waste. During the recent
decades, the dolomite sand waste has been accumulating and its
quantity has reached a million of tons and is rapidly increasing.
This paper presents the testing results of dense graded asphalt
concrete AC 11 mixtures made of four types of aggregate: steel
slag, dolomite sand waste, conventional imported dolomite
aggregates and conventional local crushed quartz sand that were
proportioned to develop a mixture that would satisfy the
requirements of permanent deformation and stiffness. Analysis of
the results showed that mixes with steel slag and dolomite waste
sand or unconventional aggregate combination with dolomite in
coarse portion, crushed quartz sand in sand portion and dolomite
waste sand in sand and filler portions had high resistance to
plastic deformations.

Key words: Steel slag, dolomite waste sand, asphalt mixture,
Wheel Tracking test, permanent deformations.

INTRODUCTION

The industries of steel manufacturing and production of
the crashed dolomites struggle to realize the co-products of the
production. During the recent years, huge quantities of
technological waste, such as steel slag and very fine crushed
sand that need to be recycled with maximum efficiency, have
accumulated in Latvia (Fig 1 and Fig 2). At the same time the
road building industry in Latvia strives to utilize the local
aggregates because the physical-mechanical characteristics of
most of the materials do not meet the normative requirements.

In the EU and North America steel slag is used in bitumen
bound materials; pipe bedding; hydraulically bound mixtures
for subbase and base; unbound mixtures for subbase; capping;
embankments and fill construction; clinker manufacture and
fertilizer and soil improvement agents. However in Latvia for
commercial road construction purposes it has been used only
for unbound mixtures.

During the recent decades, the dolomite sand waste has
been accumulating in Latvia and its quantity has reached more
than a million of tons. The produced waste mostly remains
unused on quarries occupying useful space and increasing the
overall technological costs. However the research on the
perspective use of dolomite waste sand in production of

asphalt has received relatively little attention. For example this
material could be used to fully or partially replace the fine and
filler portions. Such situation requires the integrated approach
to recycling of the produced co-products [1-6].
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Fig. 1. Unfractionated BOF slag aggregate

The purpose of this research is to develop an asphalt
mixture that would be resistant to heavy transport load by
using raw materials as steel slag and dolomite waste sand. To
achieve this aim the following asphalt compositions were
proportioned and mixed:

— reference mixture from
aggregate and quartz sand;

— mixture consisting exclusively of by-products;

— combined mixture using different by-product and
traditional mineral aggregate combinations.

Bitumen BND 60/90 and Polymer Modified Bitumen

(PMB) 50/70-53 which was modified with Styren-Butadien-

Styren (SBS) was used for mixing. All the combinations

were tested for physical and mechanical (wheel tracking test

and stiffness) characteristics.

traditional dolomite

Fig. 2. Unused dolomite waste sand
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MATERIALS

The following materials were used in the study: Basic
Oxygen Furnace (BOF) slag, dolomite waste sand,
conventional aggregate (crushed dolomite and quartz sand)
and bitumen.

Aggregate tests

Table 1 summarizes the chemical composition of by-
product.

TABLE 1
Chemical composition of by-product

Oxide content, %

BOF steel slag Dolomite waste sand
Oxide Content, % Oxide Content, %
CaO 30.6 CaO 31.0
MgO 18.9 MgO 17.0
SiO, 19.9 SiO, 2.5
MnO 6.3 Na,O 0.82
Al20; 5.0 Al,O3 0.64
TiO2 0.52 K,0 0.76
FeO 16.3 Fe,0; 0.34

The physical and mechanical properties of steel slag,
dolomite waste sand, crushed dolomite aggregate and quartz
sand are summarized in table 2. Physical and mechanical
properties were determined according to standard EN test
methods. The properties of BOF steel slag correspond to the
highest category of LVE EN 13043 standard. However,
because of high abrasivity of this material, its proportion for
wearing courses according to Latvian Road Specifications
2010 has been restricted to 20 present. The test results of steel
slag main properties show very low flakiness index — 2,
excellent mechanical strength with average LA value of 19,
high frost resistance with average MS value of 3, low fines
content — 0.5% and slag expansion tests showed that the
expected swelling should be negligible.

Dolomite waste sand test results present excellent
angularity with average flow coefficient of 33. The fines
content in dolomite waste sand is more than 10% therefore the
Latvian Road Specifications 2010 require this material to
satisfy also the requirements attributed to mineral filler. Test
results show that the fines quality is high — the material has
low methylene blue (MB) value — 0.5, high carbonate content
— more than 90%, excellent Rigden air voids and Delta ring
and ball tests — 28 and 11 respectively (Table 2).
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TABLE 2
Physical and mechanical characteristics of the aggregate
=1 ]
Physical @ 22 |gegl S
-_ = @© D = T o
and Standard 8 Ee |BEB| - E
mechanical 2 S G =53 &9
properties S og (O3S 3
m @)
Los Angeles
coefficient I_l\égg\l 19 - 22
(LA), %
Resistance to
wear. Nordic LVSEN 14,4 - 15,7
1097-9
test (Ay), %
Sand
equivalent L;/35353N 80* 60 - 91
test, %
Flakiness
Index (F1), | VSEN 2 - 12
933-3
%
Flow
coefficient L;gSBESN 43* 33 - 35
(Ecs)
Water
absorption, LVSEN 2,4 - 2,7 54
1097-6
%
Grain
density, SEN | 825 2,80 280 | 270
Y -
Mg/m
Fine content, | LVSEN
% 033-1 0,5 18,6 0,9 0,9
Freeze/
thawing Ll\g?E;\l 3 - 9
(MS), %
Expansion, LVSEN
% 1744-1 2 -
p.19.3
Methylene LVSEN
blue test 933-9 - 05
(MB), g’kg
Carbonate LVSEN > 90
content, % 196-21
Rigden air | LVSEN
voids, % 1097-4 28-30
Delta rin
and ball tes? LVS EN - 11
oC ! 13179-1

* BOF steel slag 0-5mm
Aggregate gradation

In total nine aggregate gradations were used for
producing the AC 11 mixtures — five unconventional co-
product aggregate and four conventional crushed dolomite and
quartz sand aggregates (Tables 3 and 4). Dolomite waste sand
can be categorized as G85, steel slag 0/5 as G,90 and steel
slag 4/8 as G¢90/20 according to LVS EN 13043. Steel slag
which is categorised as 8/11 does not comply to any of the
standard categories, because only 81.8 present particles are
passing D sieve (11,2mm) while standards require at least 85
present. The 2/5 steel slag also does not correspond to the
standard category, because of high percentage of particles
passing 1.0 mm (d/2) sieve (the standard requires <5).
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TABLE 3 TABLE 5
By-product aggregate gradation Typical characteristics of bitumen BND 60/90 and PMB
Passing, % Bitumen
Smiren"e' BOF Steel slag WDa‘;'t‘;T;tned Parameter BND60/90 45'3/2’('555 Stendard
05 25 418 8/11 02 Penetration at 25°C, dmm 65,0 59,0 LVS EN 1426
11,2 100 100 100 818 100 Softening point, °C 50,4 67,7 LVS EN 1427
80 99.9 100 94,6 17,9 100 Fraas temperature, °C -25,0 -16,0 LVS EN 12503
5.6 99.2 99.2 41,6 a7 100 Kinematic viscosity, mm?/s 607 - LVS EN 12595
40 95,6 624 163 20 995 Dynamic viscosity, Pa-s 340 - LVS EN 12596
20 66,4 224 44 13 %01 Elastic recovery, % - 88 LVS EN 13398
10 393 141 36 1.2 67.1 Ageing characteristics of bitumen under the influence of heat and air (RTFOT
0,5 21,6 10,1 34 1,2 52,9 method)
0,250 11,4 7,5 2,8 1,0 44,4 Loss in mass, % 0,1 0 LVS EN 12607-1
0,125 6,0 51 2,0 0,8 34,6 Retained penetration, % 70,8 40,0 LVS EN 1426
0,063 35 3,6 14 08 18,6 Ingreasoe of a softening 6.4 19 LVS EN 1427
Category | GA90 N/A GC90/20 N/A GF85 point, °C
gg?s; Eéeaking point after | 54 - LVS EN 12503
TABLE 4 Retained elastic recovery,% - 84 LVS EN 13398
Conventional aggregate gradation
Passing, % MIX DESIGN
Sieve, Crushed dolomite Crushed . ; .
mm quartz sand Dense graded AC mixtures have been designed by using
2/5 5/8 8/11 0/5 conventional and unconventional raw materials. Aggregate
11,2 100 100 90,7 100 gradation fulfilled the basic requirements defined in LVS EN
8,0 100 88,4 16,1 100 13108-1 and the complementary Latvian criteria specified in
56 93,0 117 41 98.4 [7]. The Marshall mix design procedure was used for the
40 57,6 31 17 89,6 de_termination pf tr_le optimal pitumen content for the reference
20 o 18 13 719 mlx'Fu_re, considering the mixture test re_sults for I\(Iarsh_all
stability and flow, as well as the volumetric values: air voids
10 27 15 13 55,0 (V), voids in mineral aggregate (VMA) and voids filled with
05 2,0 13 11 34,9 bitumen (VFB). Test specimens for Marshall Test had the
0,250 18 12 10 10,5 shape of cylinder with diameter of 101mm and height range
0,125 1,7 1,0 0,9 14 from 62.5to 64.5mm. All of them were prepared in the
0,063 1,4 0,9 0,7 0,7 laboratory by impact compactor according to LVS EN 12697-
Category GC90/15 GC85/15 GC90/20 GA90 30 with 2x50 blows of hammer 140°C temperature.

Bitumen tests

Unmodified bitumen BND 60/90 (category defined in
accordance to Russian specifications) and SBS polymer
modified bitumen PMB PMB 45/80-55 was used for the
testing. Unmodified bitumen is characterized by a pen of 65
dmm at 25°C, softening point is reached at 50,4 °C and Fraas
temperature is -25°C. The SBS modified bitumen has a pen of
59 dmm, softening point of 67,7°C and Fraas temperature -
16°C. All the test results of bitumen BND 60/90 and PMB
50/70-53 are shown in Table 5.

In total three different groups of mixtures were analysed:
—  Two reference mixtures without co-products (with
conventional and SBS bitumen), which were used

as a control;

—  Mixtures containing only BOF slag and dolomite
waste sand;

— Combination of conventional and unconventional
materials.

In order to determine the potential of using unconvential
aggregates in the mixtures, the second and third group of
mixtures were prepared by using only conventional
bitumen. Each group of mixtures are characterized by
different bitumen contents in the range 5.4 — 7.0% on the
weight of the aggregate. The optimal bitumen content was
determined by optimisation of the volumetric characteristics
and considering resistance to deformation with wheel
tracking test. This variation of bitumen content even with
having similar grading curves is connected with high
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hygroscopicity of dolomite waste material and differences
in aggregate bulk density and surface texture for steel slag.

PERFORMANCE EVALUATION
Resistance against permanent deformations

Resistance against permanent deformation was determined
according to standard LVS EN 12697-22 method B (wheel
tracking test with small size device in air). This test method is
designed to replicate the stress conditions observed in the field
therefore can be categorised as simulative. The asphalt
mixture resistance to permanent deformation is assessed by
the depth of the track and its increments caused by repetitive
cycles (26,5 cycles per minute) under constant temperature
(60°C) (Fig. 3.). The rut depths are monitored by means of
two linear variable displacement transducers (LVDTSs), which
measure the vertical displacements of each of the two wheel
axles independently as rutting progresses.

.

Fig 3. Test equipment for wheel tracking test

Rectangular shape specimens with the base area of
305x305mm have been prepared for the test by using roller
compactor according to LVS EN 12697-33 (Fig. 4). Thickness
of the tested specimens conforms to that of the traditional
pavement surface layer — 40mm. The test assesses three
parameters:

—  Wheel Tracking slope (WTSar), Which is defined
as increase of depth of wheel track per 1000 test
cycles;

— Rut depth (RDpR) which is the accumulated
permanent deformation after 10000 cycles;

— Proportional rut depth (PRDaRr) which is the
relative depth of wheel track after 10000 test
cycles in proportion to the test specimen thickness.

14

Fig 4. Roller compactor

Figure 5 reports the evolution of the loading cycles — rut
depth curves during the test conducted. The wheel tracking
slope has been calculated by using the equation Eq 1.

WTSAIR _ (d10000_d5000) 1)
5}

where WTSur is the wheel tracking slope in mm per 10°
load cycles; dsgg and digeeo is the rut depth after 5000 and
10000 load cycles. The experimentally obtained curves
illustrate asphalt as typical visco—elasto—plastic material — the
first phase has a decreasing wheel tracking slope (creep rate),
whereas the second has a constant wheel tracking slope.

—=—AC 11 Reference + BND 60/90
~—a-—AC 11 Combination + BND 60/90

6 — — AC 11 100% Co products + BND 60/90
mmmme AC 11 100% Co products + PMB45/8055 | e
- = - “AC 11 Combination + PMB 45/80-55
—o- - AC 11 Reference + PMB 45/80-55

Rut depth, mm
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Load repetitions

Fig 5. Wheel tracking test curves

Wheel tracking slope in Latvia has been regulated by
requirements in Road Specifications 2010. All of mixtures
fulfilled requirement on the category of WTSur o3 for road
with intensive traffic. The results are presented in Table 6. The
largest plastic strain of 5.78 mm and highest wheel tracking
slope of 0.29 mm in 1000 cycles appear in the reference
mixture with unmodified bitumen. The results for reference
mixture with SBS modified bitumen are only slightly better
(5.05 mm and 0.2 8mm/1000 cycles). The asphalt concrete
mixture which was produced entirely from co-products shows
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surprisingly good resistance to permanent deformations,
having an average rut depth value of 1.54 mm and wheel
tracking slope of 0,.12 mm/1000 cycles. The mixture with
combination of co-product and conventional aggregate had
somewhat worse test results: the rut depth value of 3.94 mm
and the wheel tracking slope of 0.19 mm/1000 cycles. The
steel slag fractions of 0/5 and 2/5 in this mixture were replaced
with dolomite filler and crushed quartz sand, because of the
strength and angularity the fine steel slag fractions which can
cause excessive wear of the asphalt production and paving
equipment. It is also important that the combination of
aggregates allowed reducing the bitumen content by
significant 1% (from 7% to 6%).

TABLE 6

Characteristics of wheel tracking test

Asphalt mixes
Reference Combination of
(natural dolomite Co-products co-products and
(100%)
aggregate) natural aggregate
s BND | ygp. | BND | jggo. | BND | i
60/90 55 60/90 55 60/90 55
WTSAIR ,
mm/1000cycles 0,29 0,28 0,12 0,03 0,19 0,22
RDAIR, mm 578 5,05 1,54 1,47 3,94 3,83
PRDAIR, % 14,45 12,63 3,85 3,68 9,85 9,58
Fatigue

Resistance to fatigue was determined at 20°C and 30Hz
according to EN 12697-24. Fatigue life is defined as the
number of cycles which corresponds to 50% decrease of initial
stiffness modulus. This method consists in cyclic bending of
prismatic specimen at constant strain amplitude. The beams
were compacted in the laboratory by using roller compactor.
They were saw cut to the required dimensions of 50mm wide,
50mm high and 400mm long. Test made on mixture with BOF
steel slag and dolomite sand waste showed less resistance to
fatigue, compared to results for mixture made with
conventional aggregates and combined mixture. The mixtures
made with steel slag and local limestone in coarse portion and
dolomite sand waste in sand and filler portions exhibit slightly
higher fatigue resistance than the conventional mixtures.
However, more extensive laboratory research is needed.

50

40
30 27
23
20 1
10 1
0 T T

Reference
BND60/90

Decrease of initial stiffness, %

Reference
PMB 45/80-55

Co-| produc!s
(100%)
BND60/90

Co-products
(100%) PMB
45/80-55

Combination
PMB 45/80-55

Combination
BND60/90

F

g. 6. Fatigue test results

CONCLUSIONS

BOF Steel slag aggregates meet the Road Specifications
2010 requirements of Latvia as a road construction aggregate.
Physical and mechanical properties of steel slag aggregates are
comparable with the characteristics of conventional natural
aggregate usually used in transportation infrastructure. Steel
slag aggregates have a high resistance to fragmentation with
average LA value of 19, excellent shape (FI,) and texture
characteristics. The values of these parameters are higher than
for conventional dolomite and granite aggregates that are used
in Latvia. The main disadvantages of the material are high
density which raise the transportation costs and large porosity
that forces to use more bitumen than for conventional asphalt
materials.

Dolomite sand waste meets the highest standard LVS EN
13043 category in terms of angularity, having an average
value of flow coefficient of 33 which also meets the Latvian
Road Specifications 2010 requirements for sand. The dolomite
waste sand has a high filler content — 18.6% and therefore has
to be tested for the properties of filler. The research showed
high quality of this material because of low methylene blue
value (MBg 0,5), high carbonate content (CCgy), excellent
Rigden air voids (V.g3g) and Delta ring and ball (Agrgg 8/25)
test results.

Mixture from 100% steel slag and dolomite waste sand that
was prepared using unmodified bitumen BND 60/90 shows
high resistance to permanent deformation WTSxR0,12.
However this combination has high optimum binder content —
7%. Mixture form steel slag and dolomite aggregate in coarse
portion and dolomite waste sand and crushed quartz sand in
the sand and filler portion had a little lower resistance to
permanent deformation (WTSair 0.10) than the mixture made
only from steel slag. However the value was significantly
higher than for both reference mixtures with dolomite
aggregates, crushed quartz sand and limestone filler with both
conventional and SBS modified bitumen - WTSaRr 029 and
WTSaRr 028 respectively. This mixture with combination of
conventional aggregate and co-products has also significantly
lower bitumen content which lowers the production costs
compared to mixtures made entirely from co-products.

The mixtures made with steel slag and local limestone in
coarse portion and dolomite sand waste in sand and filler
portions exhibit slightly higher fatigue resistance than the
conventional mixtures. However, mixture from 100% steel
slag and dolomite waste sand show less resistance to fatigue,
compared to conventional mixture.

Further analysis of the effect of using waste products should
involve research on the resistance to deformations at low and
moderate temperatures. It must also include further
optimisation of co-product and conventional aggregate in
order to reduce the bitumen content while still maintaining
high resistance to permanent deformation, fatigue and thermal
cracking.
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“Lithuanian Mineral Resources, Their Reserves and Possibilities for

Viktors Haritonovs, Martin§ Zaumanis, Guntis Brencis, Juris Smirnovs. Bituminéto maisijumu ipasibas, kas izgatavoti no térauda sarpiem un dolomita
atsijam

Sakara ar strauji pieaugoSo satiksmes intensitati un transportlidzeklu ass slodzém paaugstinas prasibas Latvijas celu segas nestspgjai. Vietéjam dolomita un
grants Skembam ir Joti zemi kvalitates raditaji, kuri neatbilst tehnisko noteikumu prasibam. Tap&c Latvija celu blivnieciba parsvara izmanto importétu pildvielu,
kas palielina biivdarbu izmaksas. Tomeér Latvija vairaku gadu garuma ir izveidojusies lieli térauda sarpu krajumi, kas ir térauda razoSanas industrijas
blakusprodukts. Drupinot $o materialu, iegiist viet&jas izcelsmes terauda sarnu Skembas ar augstu stipribu un labam fizikalam ipasibam. Savukart dolomita
izstrades karjeros izveidojusies vairaku miljonu tonnu lieli dolomita atsiju uzkrajumi, kurus var izmantot ka netradicionalu smalku pildvielu un aizpilditaju
asfaltbetona sastavu izstradei. Sobrid joprojam triikst pieredzes darba ar asfaltbetonu, kura sastava ir izmantoti Sie blakusprodukti. P&tijuma galvenais mérkis ir,
izmantojot dolomita atsijas un térauda sarnus, izstradat asfaltbetona maisijumus ar augstam ekspluatacijas Tpasibam. P&tijuma gaita noteiktas blakusproduktu
Tpasibas un projektétas tris bliva asfaltbetona AC-11 sastavu grupas: references sastavs no tradicionalas dolomita pildvielas un drupinatas kvarca smilts; sastavs
tikai no blakusproduktiem un blakusproduktu un tradicionala mineralmateriala kombinacijas. MaisTjumu izgatavosanai izmantota nemodificéta BND 60/90 un
SBS modificéta saistviela. Blakusproduktu testé8anas rezultati rada, ka frakcionéto térauda sarnu un dolomita atsiju Tpasibas atbilst aukstam standarta LVS EN
13043 kvalitates kategorijam. Asfaltbetona sastavu projekt€Sanai izmantota Marsala metode. Deformativas ipasibas augstas ekspluatacijas temperatiiras
noteiktas, izmantojot Wheel Tracking test€$anas metodi atbilstosi standarta LVS EN 12697-22 prasibam. Analizgjot iegiitos rezultatus, konstatéts, ka asfaltbetona
maisijumi, kas izgatavoti tikai no blakusproduktiem vai kombingjot blakusproduktus ar tradicionalo mineralmaterialu, uzrada augstu noturibu pret risu
veidoSanos un atbilst vietgjo tehnisko noteikumu ,,Celu specifikacija 2010” prasibam. Secinats, ka dolomita atsijas var izmantot ka dal&jo vai pilnigo aizpilditaja
un smilts frakcijas aizvietotaju, savukart térauda samus ka smalkas un rupjas pildvielas aizvietotaju. Turpmakos pétijjumos janosaka izstradato sastavu
deformativas Ipasibas vidgjas un zemas temperatiiras.

Buxrtop Xapurono, Maprunbm 3aymanuce, I'yntuc Bpenuuc, IOpuc Cmupnosc. CpoiicTBa achaibTo0eTOHHBIX cMeceil € HCIOJIbL30BAHHEM
MeTaUIypru4ecKuX ILIAKOB H J0JOMHTHBIX OTXO10B

B cBA3u ¢ pe3sKHM yBeIMYCHHEM HHTEHCUBHOCTU JOPOXHOTO ABIDKGHHS U OCEBOH Harpysku, Ha jgoporax JlaTBum Bo3pociu TpeOOBaHMS K HecyIled
CIIOCOOHOCTH JIOPOXKHBIX OAEKA. MecTHbIN meOeHb U3 TpaHTa M IOJIOMHTa HMEeT HHU3KHME IIOKa3aTeld KauecTBa M He COOTBETCTBYIOT TEXHUUECKUM
TpeboBarmaM. IloaToMy mpu cTpouTenscTBe Jopor B JIaTBUM HCIONB3YIOTCS MMIOPTHEIN HAINONHUTEb, KOTOPBIH 3HAUMTENBHO YBEIHMYMBAET CTOMMOCTH
CTPOHTENBHBIX padoT. OxHako B JIaTBUM 3a MHOTHE TOABI 00OPa30BalIKCh OONbIIHE CKOIUIHHS METAJLIyPIHYeCKHX IIIaKOB, KOTOpPBIC SIBIIIIOTCS OTXOAAMHU
MeTaJLTyprudeckoil npomsirieHocTd. [Tociae qpodnenus 1 GpaKIHOHUPOBAHUS 3TOT MaTepual IOKAa3bIBAET BBICOKHE MEXaHUUECKUE H (PU3HMIeCKHe CBOHCTBA. B
CBOIO Ouepesb B IOJIOMUTHBIX Kapbepax 3a MHOTUE TO/IbI 00pa30BaINCh MHOTOMUILTHOHHBIE HAKOTUICHHS JIOJIOMHTHOTO OTCEBA, KOTOPHI MOKHO HCIIONB30BaTh
KaK MeJKHIl HeTpaJUIMOHHBII HAIOMHUTENb I IPOU3BOACTBA acaabToOETOHHBIX cMecell. CeromHs OIIyIaeTcsl HeXBaTKa OIBITA [0 HCIIONb30BAHUIO DTHX
MaTepuaioB ISl TIPOU3BOACTBA ac(haibTOOETOHA M €ro CBOWCTB. ['JTaBHOMW II€bI0 MCCIENOBaHUS ObUIO pa3paboTka acdanbTOOETOHHBIX CMECEeH ¢ BBICOKMMH
HPOYHOCTHBIMU XapaKTEPHCTHKAMH C HCIIOIb30BAaHNEM METaJUTyprHuecKHX IIUIaKOB M JIOJOMHUTHOTO OTCeBa. B mporecce mccieoBanus ObUTH ONpeeeHbl
CBOWCTBa NPOM3BOJCTBEHHBIX OTXOMOB U CIPOEKTHPOBAHBI TPU TIpymbl MIOTHOrO acdambroderoHa AC — 11: pedepeHTHBIH cOCTaB W3 TPAIMIIMOHHOTO
JIOJIOMHTHOTO IIeOHS U APOOIEHOro MecKa, COCTaB U3 OTXOJ0B M KOMOMHAIMS OTXOJOB U TPaJUI[HOHHOTO MaTepHana. JIJisl U3roTOBIEHHS CMeceil HCTIONb30BaIN
Hemoanduuuposanneii BH/160/90 1 CBC moandunupoBanHsiidi 6uTyM. Pe3ynbTaThl TeCTHpPOBaHHS IOKa3alM, 4TO (paKIMOHNPOBAHHBIE METATyprudecue
[ITAKH ¥ TOJOMHUTHBIN OTCEB COOTBETCTBYIOT BBICOKHM KATETOPHSIM KadecTBa cornacHo tpeboBanmsim crargapra LVS EN 13043. Acdansrobetonnbie cmecu
MIPOEKTUPOBATNCE C HCIONb30BaHHEM Meroja Mapmrana. JlebopManuoHHBIE CBOICTBAa NpPH BBICOKUX OSKCIUTyaTAIlMOHHBIX TEMIEPAaTypax OIpeleleHbl ¢
UCIIOJIb30BAaHNEM TeCTa Ha KojleeoOpa3oBaHHe, COIIacHO TpeboBanmsam crtanmapra LVS EN 12697-22. Aranusupyst omydeHHbIE pe3yJIbTaThl, KOHCTATHPOBAHO,
9T0 ac(aIbTOOCTOHHBIE CMECH, M3TOTOBJICHHBIE U3 OTXOAOB WM B KOMOMHAIUM C TPAaJUIMOHHBIM MaTEpHAIOM, IIOKa3bIBAIOT BBICOKYIO YCTOMYHMBOTH K
00pa3oBaHUIO KOJIEH W COOTBETCTBYIOT TPEOOBAHHSM TeXHHYECKUX ycnoBmii ,,Celu specifikacijas 2010”. Crenan BBIBOJ, YTO JOJOMHTHBIN OTCEB MOXET OBITH
UCHOJIb30BaH KaK MOJIHBIA MM YaCTHYHBIH 3aMEHHUTEIb MIeCYaHol (paKIuy, B CBOIO OYepe/lb METAILTYPTHYECKHe MIJTaKH KaK 3aMEHHUTEIb CPEIHET0 M KPYITHOTO
HAMONHHUTENA. B nampHeHINX HccneqoBaHUAX HEOOXOAUMO ONPEACIHTS Ae(hOpMAIIMOHHbIE CBOMCTBA ITUX CMECEH IIPU CPeHHUX H HU3KHX TeMIIepaTypax.
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