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Abstract. This work facilitates the application of modern technologies for road construction,
by using steel slag instead of natural stone aggregates. This procedure will result in a
significant decrease in the cost of works (slag, being an industrial waste, is much cheaper
than natural aggregate). In the same time, the use of slag aggregates can result in
protection of the environment, by eliminating slag storage spaces and by preserving the
natural environment (extraction of natural aggregates may disturb groundwater and
intensify erosion etc). Marshall stability, flow index and bulk density were determined for
both kinds of aggregates, in order to find if the steel slag can safely replace the natural
aggregates. By comparing the experimental results obtained for the two kinds of
aggregates, it was confirmed the possibility of successfully using of steel slag as a
substitute for natural aggregates in the base layer of a road structure.
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Introduction

Road construction involves large quantity of construction materials, most of them
obtained from natural sources. To achieve a sustainable development, using the steel slag
as a substitute for natural aggregates must be taken very seriously. More than 90% of this is
asphalt pavement, which has the advantages of low vibration, low noise, short construction
time and convenient maintenance [1]. Expressway need lots of construction and
maintenance, and more than 90% of the components of asphalt pavement are aggregates,
which causes the depletion of natural resources [2]. Therefore,
capacity of recycling solid waste and industrial smelting waste are becoming an effective
option to relieve the supply pressure of natural aggregate resources [3].

Steel slag is the main solid waste in steel industry, accounting for more than 10% of
the steel production [4]. According to the different steelmaking processes, steel slag can be
classified into three types: Electric arc furnace (EAF) slag, basic oxygen furnace (BOF) slag
and ladle furnace (BF) slag. The large steel slag can meet the needs of aggregates for road
construction, and it has good mechanical properties and high alkalinity [5]. The steel slag
asphalt mixture has become an increasingly popular research topic in the field of
environmental protection road materials in recent years [6].
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1. Field of application

According to the provisions of the technical approval no. 004-07/666-2002, steel
slag aggregates can be used for roads of technical class Il - V or streets of technical
category Il - 1V, in order to reduce execution costs by replacing the ballast used for the
base layer [7].

If some of the determined values do not fall within the limits set out in legislation, it
is possible to improve the behavior of these materials by using a certain additive or a
mixture of additives [8].

For steel slag aggregates, both chemical stability, as an essential condition, and
storage and preparation of the material (permanent spraying with water for a period of at
least six months after their production) must be monitored [9].

2. Description of works and materials

In order to determine to what extent the steel slag can replace the natural
aggregates in the asphalt mixtures, specific tests were performed on samples made of both
types of materials.

At the beginning, two asphalt concrete compositions type BAD 25 were made with 6.3 %
bitumen, using 0-8 crushed stone (samples B1, B2 and B3) and 0-8 steel slag (samples D1
and D2). The average values of the physical and mechanical characteristics determined on
cylindrical specimens made of asphalt mixtures are shown in Figures 1, 2 and 3.

In Figure 1, the graphic colored in blue shows the Marshall stability determined on
0-8 control samples, while the graphic colored in violet shows the stability determined on
0-8 slag samples (for both kinds of samples, the content of bitumen was 6.3%).

The values of Marshall stability obtained when using slag as an aggregate were
1000,00 daN, 1005,20 daN and 1010,00 daN and by statistical processing we got an
average value of 1005,00 daN, which is bigger than the value obtained when using the
natural aggregate (946,67 daN).

In Figure 2, the graphic colored in blue shows the flow index (deformation)
determined on 0-8 control samples, while the graphic colored in violet shows the flow
index (deformation) determined on 0-8 slag samples (for both kinds of samples, the content
of bitumen was 6.3%).

The deformation values obtained when using slag as an aggregate were 220,25 mm,
224,45 mm and 228,75 mm and by statistical processing we got an average value of 224,50
mm, which is lower than the value obtained when using the natural aggregate (229,33 mm).

In Figure 3, the graphic colored in blue shows the bulk density determined on 0-8
control samples, while the graphic colored in violet shows the bulk density determined on
0-8 slag samples (for both kinds of samples, the content of bitumen was 6.3%).

The values of the bulk density obtained when using slag as an aggregate were 2487
kg/m?, 2488 kg/m? and 2491 kg/m?* and by statistical processing we got an average value of
2489 kg/m?, which is much bigger than the value obtained when using the natural
aggregate (2345 kg/m°).

The result of the tests show that using the aggregate of BOF slag can significantly enhance
the Marshall stability, the flow index and bulk density, when comparing with the natural
stone.
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Figure 1. Comparison between Marshall

stability determined on control and 0-8 slag Figure 2. Comparison between the flow index

determined on control and 0-8 slag samples.
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Two other BAD 25 asphalt concrete compositions were than made with 6.3 % bitumen,
using 0-8+8-16 crushed stone (samples B1, B2 and B3) and steel slag 0-8+16-25 (samples
E1l and E2).

The average values of the physical and mechanical characteristics determined on
cylindrical specimens made of asphalt mixtures are shown in Figures 4, 5 and 6.

In Figure 4, the graphic colored in blue shows the Marshall stability determined on
0-8+0-16 control samples, while the graphic colored in violet shows the stability
determined on 0-8+0-16 slag samples (for both kinds of samples, the content of bitumen
was 6.3%). The values of Marshall stability obtained when using slag as an aggregate were
937,40 daN, 940,30 daN and 942,60 daN and by statistical processing we got an average
value of 940,00 daN, which is a little bit lower than the value obtained when using the
natural aggregate (945,30 daN), but still acceptable.

In Figure 5, the graphic colored in blue shows the flow index (deformation)
determined on 0-8+0-16 control samples, while the graphic colored in violet shows the
flow index (deformation) determined on 0-8+0-16 slag samples (for both kinds of samples,
the content of bitumen was 6.3%). The deformation values obtained when using slag as an
aggregate were 210,00 mm, 214,45 mm and 219,00 mm and by statistical processing we
got an average value of 214,50 mm, which is lower than the value obtained when using the
natural aggregate (227,40 mm).
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In Figure 6, the graphic colored in blue shows the bulk density determined on 0-8+0-
16 control samples, while the graphic colored in violet shows the bulk density determined
on 0-8+0-16 slag samples (for both kinds of samples, the content of bitumen was 6.3%). The
values of the bulk density obtained when using slag as an aggregate were 2460 kg/m?,
2461 kg/m? and 2464 kg/m> and by statistical processing we got an average value of 2462
kg/m3, which is much bigger than the value obtained when using the natural aggregate
(2350 kg/m3).

Deformation variation depending on
0-8 and 8-16 slag dosage

Variation of bulk density depending
on 0-8 and 0-16 slag dosage
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Figure 5. Comparison between the flow Figure 6. Comparison between bulk
index determined on control and 0-8+8-16  density determined on control and 0-8+8-
slag samples. 16 slag samples.

3. Final considerations

When producing BOF slag coarse aggregates, the excessive angularity of the
aggregates should be controlled. This will help to improve the service life of BOF slag
layers and the promotion of slag [10].

The BOF slag coarse aggregates have a higher water absorption and a higher
effective density, among which the pyrolytic BOF slag has the largest effective density [11].

The rough surface texture (high water absorption) of BOF slag and good adhesion
with asphalt result in a good moisture resistance property of the asphalt mixture [12].

Using BOF slag coarse aggregates will result in a significant increase in the
percentage of air voids in asphalt mixture. The rough surface texture and higher sphericity
of BOF slag will cause the increase of the air voids of asphalt mixture. Besides, if the BOF
slag has excessively high angularity, it will have an adverse effect on the increase of air
voids. Also, if BOF slag has excessive angularity value, the edge angle of BOF slag would be
destroyed during the compaction of the asphalt mixture, which would result in the decrease
of the air voids of the asphalt mixture [13].

The disadvantages of using steel slag in road layers are as follows:

a) The risk of heavy metals in the steel slag aggregates, which could be washed away
by rainwater, thus infesting the groundwater [14]. To eliminate this risk, it is recommended
that a leaching test be performed by a specialized institute.

b) Possibility of volume change (increase or decrease in road layer height) due to
hydration of free calcium oxide [15]. To eliminate this risk, the best possible waterproofing
of the upper layers and appropriate drainage works are recommended, in order to prevent
the penetration of rainwater into the base or foundation layers of the road system, as well
as the maturation of the slag before use, by storage in outdoors and periodic spraying with
water.
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4. Conclusions

The results of the tests show the following:

Marshall Stability and bulk density are greater than the minimum values provided in
SR 174-1 (500 daN and 2250 kg/m?), while the flow index falls within the range established
by SR 174-1: 150 ...450 (0,01 mm). As a result, we can conclude that steel slag can safely
substitute the natural aggregates for the base layer of a road structure, with all the benefits
mentioned above.

References

1. Skaf M., Manso J.M., Aragon A., Fuente-Alonso J.A.,, Ortega-Lopez V. EAF slag in asphalt mixes: A brief
review of its possible re-use. Resources, Conservation and Recycling. 2017, pp 176-185. doi:
10.1016/j.resconrec.2016.12.009.

2. Kambole C., Paige-Green P., Kupolati W.K., Ndambuki J.M., Adeboje A.O. Basic oxygen furnace slag for road
pavements: A review of material characteristics and performance for effective utilisation in southern
Africa. Construction Building Materials. 2017, pp 618-631. doi: 10.1016/j.conbuildmat.2017.05.036.

3. Jiang Y., Ling T.C,, Shi C., Pan S.Y. Characteristics of steel slags and their use in cement and concrete - A
review. Resources, Conservation and Recycling. 2018, pp 136. doi: 10.1016/j.resconrec.2018.04.023.

4. Han F., Zhang Z., Wang D., Yan P. Hydration heat evolution and kinetics of blended cement containing steel
slag at different temperatures. Thermochimica Acta. 2015, pp 605. doi: 10.1016/j.tca.2015.02.018.

5. Chao L.I, Chen Z, Xie J., Shaopeng W.U. Xiao Y. A Technological and Applicational Review on Steel Slag
Asphalt Mixture. Materials Review 2017

6. Xiel., Wu S,, Zhang L., Xiao Y., Ding W. Evaluation the deleterious potential and heating characteristics of
basic oxygen furnace slag based on laboratory and in-place investigation during large-scale
reutilization. Journal of Cleaner Production 2016, pp 133. doi: 10.1016/j.jclepro.2016.05.106.

7. Dosar Tehnic nr. 004-07/431 - 2001: LIDONIT - Agregate din zgura de otelarie DSU Galati, pp 8-9.

8. .Untersuchunger zur Erzeugung raumbestandinger Mineralstoffe aus Stahlwerksschlacken”Amt fur
Veroffentlichungen der Europaishen Gemeinschaft, 1998, ISBN 92-828-4599-0, pp 40-41.

9. Instructiuni pentru folosirea zgurii siderurgice in constructia de drumuri, Societatea de cercetare pentru
constructia de drumuri si circulatie 1999 pp 23-24.

10.Kumar H., Varma S. A review on utilization of steel slag in hot mix asphalt. International Journal of Pavement
Research and Technology 14, 2021, pp 232-242.

11.Xiao Y., Erkens S., Li M., Ma T,, Liu X. Sustainable Designed Pavement Materials. Materials 2020, 13, pp
1575. https://doi.org/10.3390/mal13071575

12.Kong D., Xiao Y., Wu S., Tang N,, Ling J., Wang F. Comparative evaluation of designing asphalt treated base
mixture with composite aggregate types. Construction and Building Materials 2017; 156: pp 819-827. doi:
10.1016/j.conbuildmat.2017.09.020.

13.Kong D., Chen M., Xie J., Zhao M., Yang C. Geometric Characteristics of BOF Slag Coarse Aggregate and its
Influence on Asphalt Concrete. Materials 2019, 12, pp 741. https:;//doi.org/10.3390/ma12050741.

14. Cososchi B. Impactul transporturilor asupra mediului. Editura ,CERMI’, 1998, pp 96-97.

15.Wachsmuth F., Geiseler J., Fix W., Koch, K. and Schwerdtfeger K. Contribution to the Structure of BOF Slags
and its influence on their Volume Stability. Canadian Metallurgical Quarterly, vol. 20 no. 3, 1981, pp 279-
280.

Journal of Engineering Science June, 2021, Vol. XXVIII (2)


https://doi.org/10.3390/ma13071575
https://doi.org/10.3390/ma12050741

	Anthropometric parameters of urban bus drivers and their relevance
	23. Marianna Pastuszak, Tomasz Kowalkowski, Jerzy Kopiński, Andrzej Doroszewski, Beata Jurga, Bogusław Buszewski, Long-term changes in nitrogen and phosphorus emission into the Vistula and Oder catchments (Poland)—modeling (MONERIS) studies, [online]....
	Volatile compounds of wine distillates may originate from raw materials, as well as being formed as by‐products during alcoholic fermentation and distillation. Together with compounds responsible for aroma, fruit distillates contain undesirable compou...
	The testers detected in first samples a sharp, acrid, solvent, pungent aroma and taste when compared with the second samples as a consequence lower concentration of volatiles. On the other hand, all the heart fractions were assessed as sharp and burni...
	A compound harmful to human health as methanol is subject to restrictions owing to its high toxicity. Given the low boiling point of methanol (64.7 C) and its high volatility, it might be assumed that the highest concentrations of this compound would ...


