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ABSTRACT

This study presents an evaluation of the physiodlrmechanical properties and characteristics @ stag
aggregate concrete in comparison with the typicasteed limestone stone aggregate concrete. Hardened
concrete consist of more than 70% aggregate dubetchigh demand in building construction and the
increase of the amount of disposed waste matesigipliers and researchers are exploring the use of
alternative materials which could preserve natsoairces and save the environment. In this studg| stag
was used as an aggregate replacement in convelntmmarete mixes. Steel slag which is mainly cassi$
calcium carbonate is produced as a by-product duhia oxidation process in steel industry. Stes stas
selected due to its characteristics, which are siirsionilar to conventional aggregates and thetfaatit is
easily obtainable as a by-product of the steelstrguAs a result, utilization of steel slag widve natural
resources and clean environment. Furthermore,tsekalve shown that slag aggregate has better abrasi
factor and impact value than conventional aggregaterough investigation of the results have inttida
that the amount of increase in compressive stresigige of 7 days are much more than that of agiag$

for all types of aggregate replacement. This indigdhat the added slag could work as acceleraardy

age while at 28 days age, the effect is reduced.fifile slag replacement scores the highest effect.
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1. INTRODUCTION 2007). The use of waste aggregates can also raHace
cost of the concrete production (Kalyoncu, 200Yrarad
The aggregates typically account about 75% of theand Emery, 1995).

concrete volume and play a substantial role inedifft As the aggregates can significantly control the

concrete properties such as workability, strength, properties of concrete, the properties of the agmpes

dimensional stability and durability. Conventional have a great importance (Bestet al., 2003).

concrete consists of sand as fine aggregate anelgra \1asiehuddinet al. (2002) have indicated that the

limestone or granite in various sizes and shapesase durability of steel slag cement concrete is bethen

aggregate. There is a growing interest in usingtevas .
materials as alternative aggregate materials gmifisant the same for crushgd Il_mestone aggregate. Th_er,efore
a thorough evaluation is necessary before using any

research is made on the use of many different rabers ) X

aggregate substitutes such as coal ash, blastciusiag,  Waste material as aggregate in concrete.

steel slag aggregate. This type of use of a wasterial In general, several factors are affecting physical

can solve problems of lack of aggregate in variousand chemical properties of steel slag. These factor

construction sites and reduce environmental prablem include: Type of steel furnace, steel making plamd

related to aggregate mining and waste disposaldi/aii, steel slag processing.
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Table 1. Chemical analysis of steel slag 1.1. Slag Wastein Jordan
Compound Mass% Compound Mass%

Slag waste is a material resulting from the melting

Ca0 50-57 F_e 15-19 process of iron scrap or iron ore. The slag produce
F&0, 10-13 SiQ 911 from iron ore is much less that that produced from
MnO 4-5 ROs 3.2-2.3 melting steel scrap.

MgO 1-2 ALOs 1.4-0.7 In Jordan, there are two types of factories that
S 0.12-0.1 KO 0.04-0.01 manufacture carbon steel bars which are used as
Na,O 0.04-0.02 reinforcement bars. The first type consists of ingd

semi processed iron in the form of plates to betedel

Composite materials are multiphase materials later and procgssed to form reinforceql bars. Tlherot
obtained through the artificial combination of dignt ~ YP€ melts the iron scrap to form a semi procegbatis
materials in order to attain properties that thdiviidual and then to be processed to form reinforced bars.
components by themselves cannot attain. 1.2. Sted Rolling Mills; There Are Four

During the process of reducing iron ore, it is Working Factories
necessary to remove the silica, alumina and other
components contained in iron ore, the added linmesto
fuses with these components and lower their melting
point. The basis of steel slag is limestone used as
auxiliary material in production of iron and steel.
Making it easier to separate them from the iron and’
recover them. The recovered substance is slag. i€aem 1.3. Melting and Rolling Mills, There are Four
composition of iron and steel slag. Working Factories

The primary components of iron and steel slag are _ N _
limestone (CaO) and silica; other components oftbla ® Jordanian Coalition, Zarga city produces between

Jordan Steel

The global steel industry area distinguished

General Company for the manufacture of iron
Specialist

Petra iron industry

furnace slag include Alumina (AlO;) and magnesium 10000-20000 tons annually

Oxide (MgO) as well as a small amount of Sulfury)le e United Company for the manufacture of iron andlstee

steel making slag contains iron oxide (FeO) (Hans266). Amman produces 10000-20000 tons of slag annually
In the case of steel making slag, the slag contains  jordan iron smelting company, Zarga produces

metallic elements such as iron in oxide form; hosvev 3000-4000 tons annually

because refining time is short and the amountaédione
contained is large, a portion of the limestone lauyi
material may remain un-dissolved as free CaO.
Table 1 shows the chemical analysis of typical 2. PROBLEM STATEMENT AND STUDY
steel slag. The masses indicated in the table ke t
average of chemical analysis during several intsrva OBJECTIVE
Several advantages of using slag aggregates are
gained such as (Kim, 1999; Al-Negheismishal.,

Ramallah New factory (currently under testing),déar
expected production 15000-20000 tons annually

Extensive researches have been conducted for the

1996): application of steel slag in broad areas of coctin.
Thus, an important need exists to quantify the fisnef
* Reliable Quality using such cheap material in concrete technology,
« Does Not Contain Materials such as Chlorides concrete asphalt pavement (Beskt al., 2003;
Organic Impurities, Clay and Shells Maslehuddin et al., 2002; Moon and Yaoo, 1999;
* Increased Strength as Materials Age Sherwood, 1995; Agt al., 2007; Al-Negheismiskt al.,

» Does Not Generate Alkali-aggregate Reactions 1996; Mansct al., 2004).

« Blast furnace slag fine aggregate does not contain Thus, the main objective of this research is talgtu
materials that may affect the strength and dutgbili the effect of using steel slag that combined with
of concrete, such as chlorides, organic impurities limestone aggregates by different ratios on imprgthe
clay and shells mechanical properties of hardened concrete.
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There are several tests that were conducted to 3. RESULTSAND DISCUSSION
evaluate the mechanical properties of aggregateskagd
according to (ASTM C 33, 2003; ASTM C 138/C 138M, About 150x150x150 mm standard cube samples were
2001; ASTM C 150, 2005). The abrasion test and theprepared to run a compressive strength test. Casipee
impact value for both natural aggregate and slagstrength at both (7 days) and (28 days) were recbes

aggregate are shown Trable 2. well as the unit weight of the concrete cube.
The base case of crushed limestone batch design mix The results are shown éiig. 1 and 2.
that was used for comparison is showriTable 3. All Figure 3 shows the effect of partially replacement
ingredients are in Kg/in of sand by slag on compressive strength at bothyz d
In this study, several experiments have beenand 28 days.
conducted to study the effect of adding (replacistg! Figure 4 shows the effect of partially replacement

making slag to concrete composite and measuring théf medium aggregate by slag on compressive strength
effect of slag content on the mechanical behavibr o at both 7 days and 28 days.

hardened concrete. The steel making slag was wsed i  Figure 5 shows the effect of partially replacement
three main phases: (a) as a replacement of sands(@  of coarse aggregate by slag on compressive stretgth
replacement of fine aggregate and (c) as arepkweai  both 7 days and 28 days. Previous research has
course aggregate. The percentages of replacemém in indicated that using steel slag as a replacement of
concrete mix were ranging from O to 100%. The cooarse aggregate will improve the compressive

following ratio are reported in this study: 10, 30, 40,  strength of concrete (Al-Negheismishal., 1996).
50, 60, 70, 80, 90 and 100% by weight.

Table 3. Base case batch mix ingredients

Table 2. Abrasion value and impact value of used aggregate  Ingredient Weight (Kg/f)
Abrasion Impact Cement 408
Type of coarse aggregate value value (%) Water 163
Natural aggregate 23.06 23.13 Mixed aggregate 1038
Steel making slag 20.26 6.31 Sand 767
9 9

o g
v, s
= =
573 £ 75
] =
= ~+ Sand replacement g ~+Sand replacement
! = Medium 7 *+Medium
65 Coarse aggregate 65 Coarse aggregate
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0 20 40 60 80 100 0 20 40 60 80 100
Replacement (%) Replacement (%)
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Fig. 1. Effect of slag replacement on unit wight (a) Aeaf 7 days (b) At age of 28 days
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Fig. 2. Effect of slag replacement on compressive stre(@tit cube age of 7 days (b) At cube age of 3&da
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Fig. 3. Effect of Slag replacement on compressive strerigtie sand only
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Fig. 4. Effect of slag replacement on compressive strength
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Fig. 5. Effect of slag replacement on compressive strer@larse aggregate only

4. CONCLUSION

The influence of steel slag was evaluated in cdacre
in this study and the following findings are coruzd

The aggregate produced from cooled steel slag
meets criteria for the use in concrete mixes
Furthermore, According to ASTM D5106
experiments, steel slag meets the
requirements to be used in concrete mixes,
whether partly or totally

In all replacement ratios, the flexural strength
increases by the increase in slag ratio

Results have indicated that there is a high
potential of using steel slag as aggregate
replacement (Maslehuddiet al., 2020; Al-
Negheimishet al., 1996). The use of such
waste material in concrete industry will have
significant impact on environment and
reducing or eliminating waste materials
produced by steel furnace industry. As a result
this seems more economical and ecological
specially, in regions with lack of natural
aggregate resources and great amount of slag
disposal. The finding of our research goes

///// Science Publications 705

inline with the results of prevous research

conducted by Asgt al. (2007)

As raw materials, results have shown that

slag aggregate has better abrasion factor and
impact value than natural aggregate which are
used in this study

Thorough investigation of results have indicated

that the amount of increase in compressive
strength at age of 7 days are much more than
that of age 28 days for all types of aggregate
replacement. This indicates that the added slag
could work as accelerator at early age while at
28 days age, the effect is reduced. Furthermore,
the fine slag replacement scores the highest
effect

Due to the fact that, sand amount is not

significant compared to other aggregate types,
the effect of sand replacement on enhancing
compressive strength is minimum

Further research on the role of slag as an
accelerator should be conducted. The going
research was on Normal Portland Cement (Type
I). Further research on the effect of slag on

other types of cement should be investigated
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