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Abstract —In recent years studies on environmental quality Ave shown that the steel industry is one of the
industries whose activity involves significant congmption of natural resources and energy, is also gerating
waste that due to the valorification potential carbe transformed into by-products.

This paper will present some experimental datarothe development of asphalt mixtures with steelwds
slag aggregate. For this two recipes of asphalt mixes were made (BA25, BAD25), for which laboratory
determinations were made and have been set the mgihysico-mechanical properties of these mixtures.

The results of this analysis highlighted the real pssibility of using these aggregates as building reaials
used in asphalt mixtures for roads and streets.

Index Terms— synthetic, asphalt mixtures, steelworks

percents of aggregates for achieving the asphzfies,

I. INTRODUCTION

In recent years studies on environmental qualityeha

shown that the steel industry is one of the indestwhose ~ according to Table I:
act|v|ty |nvolves Slgnlﬂcant Consumptlon Of na.tLI ra TABLE |. THE PERCENTAGES OF AGGREGATES USED TO PRODUCE ASPHALT
MIXES RECIPES

resources and energy, is also generating wastedtieato

> G - . Aggregate / Recipe BA25 BAD25
the valorification potential can be transformedoirity-
products. Limestone filler (%) 9,00 5,00
Experience has shown that recovery by recyclinguoig
waste has both an ecological motivation as wellaas natural sand 10.00 14,00
. . . 0-4 mm (%)
economic motivation. Therefore, speaking about evasta
. . crushed slag aggregate 28,00 14,00
source of profit, should be considered both aspecis .4 mm (o)
environmental and econ_omic_benefits. _ _ crushed slag aggregate 20,00 15,00
It was found, especially in developed countrieshwit  4-8 mm (%)
concerns to limit the waste industry, the steelsoskag crushed slag aggregate 15,00 28,00
remaining after extraction of ferrous scrap, sortat 8-16 mm (%)

crushed slag aggregate 18,00 24,00
16-25 mm (%)

cleaned of impurities, successfully replace naturg
aggregates specific to road construction works.

The asphalt concrete was prepared with a bitumeh/D5
70, corresponding bitumen hot climates - Appendix A

Steel\_/vorks slag aggregates are used primarily YR174-1 / 2009, whose main characteristics are shiow
foundation layers or base layers of road structuyascan Table II:

be used also in asphalt layers, replacing the iclass

Il. LABORATORY TESTS

TABLE Il . BITUMEN CHARACTERISTICS

chippings. Bitumen characteristics | Values obtained
To support this information laboratory tests werade | pso/70 in the laboratory: | SR EN12591-2009
at the Faculty of Civil Engineering from lasi,n ewo (STAS 754-99)
asphalt mixtures used mainly in technical classisddl ... Penetration at +25, 56 66..70
V, namely: BA25, BAD25. 1/10 mm (50...70)
Aggregates that is used in the preparation of dspha
mixtures are natural and artificial aggregatespeding to Softening point (1.B.)°C 51.8 49...55
SR EN 13043-2003 and STAS 667-2000. _ (46...54)
To achieve these asphalt mixtures recipes wereegeeg Fenetration index P, -0.158 15,407

the following sorts of aggregates: crushed slagegage O-

4 mm, crugsheGd slag6azggregate 4-8 :”nm, dcrusged SlagDetermination of density mix asphalt was performed
aggregate 8-16 mm,16-25 mm, natural san -4 MAecording to SR EN 12697-6 / 2004 - Bituminous oniets

Ilmeston(es_flller. h lari ¢ h . - Test methods for hot mix asphalt - Determinatimin
lven the granularity of each aggregate, W'd&pparent density of bituminous recipes.

results from laboratory tests, were establishedahewing This test is used to determine the apparent dewsity
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bituminous specimen after compaction. The test atkth
applicable to laboratory compacted recipes.

Apparent density is the mass per unit volume, iicig
air voids, of the test specimen at a known tempegat

Apparent density of compacted bituminous specinsen i

Science, Chisinau, Republic of Moldova, October 22-25, 2014

components of natural aggregates susceptible tdlirsgve
such as clay.
The values in the range of swelling in 7,14, 21 28d

days type Marshall recipes are shown in Table V:
TABLE V. SWELLING VALUES OF TYPE RECIPEMARSHALL

derived to initial recipes mass and volume. Theswdghe |Bitumen  Bitumen
. . R .. L. . Percentage [ype 7 14 28 \Value
recipes is obtained by weighing it in the dry air. % days | days 21 days days ISTAS
Water with a known density at temperatures ofC25
attempt must be regarded as 997.1 kd./ m BA 25
Density values obtained are shown in Table IlI: 5.00 0,210 0,258] 0,269] 0,294
TABLE Ill. VALUES OF TYPE RECIPES DENSITIEBIARSHALL 5.25 0,200] 0,245 0,250 0,259
: 5,50 D 0,216 0,219] 0,245 0,250] max
Bitumen ) JoR 5,75 50/70 | 0,231| 0,238| 0,239 0,250| 2,0%
percentage Bitumen type : 6,00 0,250] 0,255| 0,259 | 0,261
% kg/m 6,25 0,200 0,218 | 0219 | 0,220
BA 25 BAD 25
590 .0 (0730 02| 0ss | 0370
s , s , , max
5.25 2,646 5,25 50770 0,214] 0,219] 0,220 0,220 2,0%
5,50 D 50/70 2,649 5,50 0,218| 0219 | 0,220 | 0,221
5,75 2,671
6,00 2,683 Marshall Stability Method according to SR EN 1263%-
6,25 2,680 + Al - Bituminous. Marshall Stability Method for wa
BAD 25 mix asphalt.
475 2,637 To determine the stability and flow are selectedpes
5.00 D 50/70 2.639 of unused water absorbing.
5,25 2,634 Marshall stability values, flow, and the ratio 3, fthe
series of asphalt mixtures prepared in the laboyatoe
The method of determining water absorption i$hown in Table VI.

according to EN 174/1 -2009 - Appendix B. Road vgork

TABLE VI. VALUE OFMARSHALL STABILITY VALUES, FLOW, AND

Hot bituminous surfacing, roll executed. Specifi@as for [gjimen e
asphalt mixtures. Percentage | Bitumen type E,'\, :{m kN/ri/,:%
Water absorption is the amount of water absorbea by %
test piece immersed in water for three hours acawm of BA25
15-20 mm Hg, then for 2 hours at atmospheric pressu 5.00 16,0 3,44 2,48
the same water. 5.25 151 3,84 3,93
Water absorption is conclusive specimens with fine 5,50 D 50/70 11,6 4,42 2,62
pores and could not be determined experimentally fon 5,75 16,4 5,08 3,22
specimens with large pores 6,00 13,5 5,22 2,59
Water absorption values are shown in Table 1V: 6.25 11,5 559 2.05
TABLE IV. WATER ABSORPTION VALUES OF TYPE SPECIMENS
MARSHALL BAD 25
Bitumen Bitumen 4,75 12,5 4,02 3,11
percentage % | type P a, Z\gsrrption . % 5,00 D 50770 15,1 4,15 3,64
kg/m’ 5,25 136 4,30 3,16
BA 25
500 2,644 4630 For determination of physico - mechanical propserté
505 D 2.646 4233 asphalt mixtures action of freeze-thaw phenomemare
5,50 50/70 2,649 2,138 prepared in the laboratory recipes asphalt witurbén
575 2671 0,952 optimal dosage determined in the laboratory, ragylin
6,00 2683 0,724 mixtures recipes BA25 and BAD25.
6.25 2.680 0632 A part of the recipes were used for the deternimatif
SAD 25 the phenomenon of freezing and thawing action od&gs,
275 > 2637 1172 Wh|Iedthe o_ther shamples”_weri/lconr:rcill sargﬁ_les\,,\f\ll\_mu;re
5.00 50/70 2639 3.785 tested against the swelling Marshall stability,wilandex
5,25 2,634 3,129 and S /.l' . .
The first recipes were subjected to 28 freeze-tbasles

Method of Marshall recipes swelling is done accogdi
to STAS 1338-2-87 - Bituminous and bituminous stirfg
made hot. Methods for determining and testing.

The goal is to determine the harmful effects of som

in solution Attica TZ1. This solution is a chemidkix and
molasses containing NaCl
company "ATICA CHEMICALS SRL ",

The samples used were taken during freeze-thalecy
by 10 hours at the positive (+ 18 ... ¥'@pand 14 hours at
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negative (-24C).
The results in swelling, Marshall stability flow dex
ratio, the ratio S / | for the samples used infteeze-thaw

action are shown in Table VII.
TABLE VII. RECIPESATIKA TZ1 AT 28DAYS

Recipes Atika TZ1 at 28 days
; . Stability (S) | Flow
Mixtures | Swelling, X Rate S/I,
% at 60 OC, kN, | index (I), KN/mm
mm mm
0.285 10,9 4,29 2,54
BA25
0.280 8,9 3,40 2,62
BAD 25

Comparative measurements were carried out on t
recipes of the blank to determine the swelling &tdays,
the Marshall stability, rate of flow or S / I. Thesults

obtained are shown in Table VIII.
TABLE VIIl. BLANK RECIPES AT28 DAYS

Blank recipes at 28 days
; . Stability (S) | Flow
Mixtures
Swelling, at 60 0C,| index (1), Rate S/,
% kN/mm
kN, mm mm
0.270 12,1 4,73 2,55
BA 25
0.275 9,7 3,43 2,83
BAD 25
I1l. CONCLUSION

Looking at the two last tables, it can be conclutteat
crushed the steelworks slag aggregates used taugeod
asphalt mixtures did not change significantly af8
freeze-thaw cycles. Mean values of the swellingrd¥iall
stability, flow, are substantially the same aneiaftying to
freeze-thaw action.

Use of steelworks slag aggregates in the road ooy
leads to numerous technical and economic advantages
both the user and the manufacturer:
diversification of road construction materials;

aggregates;
elimination of waste disposal dumps made fro
steel mills and therefore environmental protection;

road construction without affecting the environmeit
weather factors (rain, freezing-thawing.);

reducing construction costs by replacing natural
)

properties of steelworks slag aggregates allaav th

comfortable, due to texture that provides roughresss
high resistance to skidding.

In terms of laboratory testing can be concluded the
following:
percentages of steelworks slag aggregate used in
asphalt mixtures making follow the recommendatiohs
SR 174-2009;
optimum binder content was determined taking
into account asphalt mixture density, water absompt
stability and swelling of the Marshall specimenssuited
dosage in the preparation of bituminous asphaltturés
with steelworks slag aggregate is generally lovantthe
recommended dosage for a classical mixture;
he- bulk density of the asphalt mixture varies betwee
2.6 and 2.7 kg/fh being higher than the bulk density of a
classical mixture. The difference is made by thghér
density of steelworks slag aggregates comparethd¢o
density of natural aggregates;
swelling values determined on Marshall
specimens at intervals of 7, 14, 21 and 28 daydoaver
than the maximum required;
in the laboratory tests for determining Marshall
stability can be observed that the values of stal#l, flow
| and the S/ | ratio is less than the maximum isgubby
the standard;
after testing the freeze-thaw phenomenon, after
the 28 freeze-thaw cycles, it was found that tlifeidinces
between a witness mixture with steelworks slag eggmpes
and a mixture with steelworks slag aggregatesddewith
a solution of Attica TZ1, does not present sigific
differences in terms of swelling and Marshall digbi
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