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Abstract

The use of steel slag in civil projects, such as road layers stabilization projects, is beneficial for the use of large volumes of these materials. This paper
presents the geotechnical engineering properties of steel slag generated from Electrical-Arc-Furnaces (EAF) and its potential usage in subgrade layer
of roads is assessed as well. Samples of soil and EAF slag were characterized through a series of laboratory tests, including: sand equivalent value,
Los Angeles abrasion, soundness of aggregates using sodium sulphate, specific gravity, compaction, maximum and minimum density, large-scale
direct shear, CBR and swelling tests. Various mixtures of EAF steel slag and fly ash, 2, 7, 12 and 20% (by weight), as alternative for lime, were also
investigated. CBR and unconfined compression tests were performed after various curing times to evaluate the strength gain characteristics of the
mixtures. Long-term swelling tests were also performed on the soil, EAF and mixture of EAF slag with fly ash samples. The values of CBR and
internal friction angle of slag are higher than that of the natural soil, but the swelling potential of natural soil is higher than that of the slag. Moreover,
the slag has the permissible limit according to the Iranian highway asphalt paving (Code 234) for PI, LL, sand value, Los Angeles abrasion and
soundness. About 50% decrease in strength is observed for saturated sample compared to dry ones. The results indicate that the EAF slag had better
engineering properties compared to the soil and the mixtures of EAF slag with different percentages of fly ash.

Keywords

Steel Slag, Electrical-Arc-Furnaces (EAF), Fly Ash, Subgrade Layer

Y \yay )Led Y o)L&\.& ‘N‘“‘b)'b‘b 0,90 ‘oim.o 991.: 9 uLm’Lw ‘5‘*‘"‘*9:“


mailto:aghaeiaraei@bhrc.ac.ir
mailto:aghaeiaraei@bhrc.ac.ir

oM dutaw ol ¢ 1515 05l < 21T S BT Uas (s bbb couisld gz

0ol wlwlp ) Y Coudi e JunS b balswo 0¥ 48 o)L pw 3l colasuwl

oolitul jslaie 4y 1y 053l9n EAF GoYsd o b [#] ol 5en 5 RoONde
el sls 18 dalllae 500 108 S35 e b (slaosls s Lelul Y 4o
Wl e llas & o EAF o Wl el oy 5l Sl
30 bl gllas flgie a0l 5l oolaiul aiy e aS (6 gbay cconl b
ol e glalasMe B jebay Sl oS slaosl>

)by comlin 8 Shae oazmoylis [V] ol 5en 5 Luckman clisss
2 oIS sl 5 ol oal T 352y Lo 4 (EAF) Sy o
Ll g5lunly g ally 80 oo clu

Vg o)l gl tes JA] o Koo 5 Kamon cligss _elsl
Ceoglin il & e il pseisesll slacal 5 Zuidsils L EAF
80,8 o0 dpogs wlulpy Y 50 w0l ol 5l eolaiul 1A 045 co 0, e

5 Vg8 o)l bolsus ;5 eslizul bl [4] ol,Kea 5 Rouabah
Olye a1y 53 0555 oy 5 SYsh o)l bylie 5 C gy 25>
bole culyd jo o)l B qwyp 3)00 Sal glray cosls 0300
Sly las o isslal 5 o Fomlio 1S 2Y 5 0w 2V L SIS
(olidpg 5 oolatdl (28 slajlne Wl g 0b (Bpme ululnj Y
205 oy ol ) Slasl jo mlas ol 5l eslail

Sl aY byl ek a [V-] Prezzi 4 Yildirim
inged oolinud C g3 ool yuSls ol sole 5 soVsh (slao,l s
S Gogd 0y95 g9 5l Baiod cnl yo ooliial 990 (50¥5E o)l
B polio b C gy ol S 559580 sole ¢jglaie (s el (EAF)
2Eiolesl slayiole;] oS 4y g 00938) Loyl s (ol 45 duoy0 VO g V-
W8S E i oype isn Slaal 4 azg bl (SaSigy el
s o515 (GS) ous egare Gy Jold S 9,50 slagtales]
sl 0391 o5 talel g Gebeiie S5 el By ST 5 Jiloe
L EAF g9 o)l Sha JBa 5 anne Cagh) wo)s s ol »
Sllasl gl Zewl ¥ M B V/FA 5 0oy VW B Ve 390> 40 ol
oad oSl slabglse .l ax 0 Fe/F oslainl 5,50 o)l 5o
Wsls L ) VU Cosglie ol <338 LC g5 ool yuSTE 5 0yl s
S5 5zl gl py58 (e o

Silegy RSB Sldes p3 aliiw plgis a4 o)l e )3 0394l
B Dbl () Wgd oo w85 S wloln; g bl laaY s
4295 b el it loogsn £9 cnl )3 o)l cuslio 8 Shoe 5l (Sl
e o)y SOl IS 5 5585 50 gilesYd Slaals S sy 4
o Gk )5S s ole Cato e eliid cer
3o wily (egara g Sae oligS jo bl cwiige slacpogas
plowl Slallae 335 (o) 2 b 225 (nl 50 Cenl 095 0 (aliwds Cunonl
ooy sielr el alEilesl clailosl ppols lool b o L3 ons
o olny Olee 4 ol dlas b S pSIl mgd g o0V

O s

Bilosl slagialosl -¥
Sleogas 5 ol S Slend Sliogad (g Slaal 4 axgi b
SoASI GogB 0,55 g9 51 Al o)l (S Gladiges (SilSe 5 3Ll
slagle; 4o ol S ZY o ZAY LY Y | ouds byl o (EAF)

doudo —)
Gl Sl 5 sy o Brae 5 col (o ST (0 58 ey Y58
Ny el (Suigllie ol B e b Epama | 52V5h oo S
sloails)l5 )0 oot adgs ¥ 8 slao)byw ol Jlo )o il e
SBll o)l (583 ogmatte e )3 g 0055 Tl (55LusYgd
clbis glloas cnl (88 5 clsl Jolate slastg) o5 ol 4 Jlai g oo
Sl oz Jrane o 3l slaans )5 o¥98 Slao)liw S92y s
035 ey basmo aizn) 15 JUsb sloplail 55 5 ¥sh oy (slaals S
]

S Slasl sl ( Slhee sbojey 10 soYgd slao by 5l oolatul
x> G5 e w o) glaaY ikl sleossn ;o b el S5
Sloo )l s yolns (555 S A el diedgus Sl las (nl 5l 0L
Lagl G900 GialS cel a5 ol pogdle Sliee sloojgy jo oV
w8 Jold (armme Cu; Ot Bl 5 laa s 1l L ogd oo
a8l (s gllas 6l (oralie R0l Wl oo (b i

Al (5555 5 ool e bl o5 glaay Jols Jgane jsbas s5los,
5 =3 Slakine gl Leany I ;o il (S5 ks S b
5 &9 4a «slws, slaaY Alas coaS 5 Cubrs Ll giae Culs
Tlae g5 w5z Laly (S35 Ol ¢y SB Casglia wol) (gaaz o
Byl (Ko golaidl Jolse 5 (o ws LB

oads bogIsee (3¥g8 o)l y slaails _wlys [V] Tuncan 4 Pamukcu
I3 ez 3590 bl g ol laa¥ 53 98 jolaie ) lew L
3Ys8 0,15 bglses alamdo LB canglis 51 (Sl ol cowsay gl .aisl
Al e oo Sloww (st ladils 4 cons loww b

Jlas oleie a0 so¥es o)b,w 0,5 [Y] Sengoz 4 Ahmedzade
§ S Slallas gl abivges ey |y lins] Lglie 45 (glalaSin
oS Sl JUb e ) Lo s psb M5 iign (slooS5s
Ll g3lenly 5 (e g

OBl byl jekite 4 1) ose wllae [Y] Behiry 4 Ebrahim
wisls bl wlalyy 4¥ o Sal 5 o¥e8 o)l w bglis I colatul
4 Sal b oVgs o)l yw balse aigs duo)d sdel Cawody gl ulul 5
G555 LialS saims bt sl Sldllas «peizan ool Yo o4 Vo o
ol Sal slaails ay o)l 393381 51 5 (36

A Gl glado,s b Sl o)l o933l 51 [F] Akinwumi
asdllas ol 55 ols 3 anlllas 550 o, ulul a¥ Elasl sliie 4y )+ g
bl 3328 8 18 ) 0550 glidl 5 St > g0 0 CBR islesl
a5l S L & glasl el 50 CBR polis odslcassa gl
Sid e 4 Cad SBE CBR olie ials as)s asly cl Sis
05 5 7% DAL iy iy & oyl Vo g A D Gilie cloas,s ol
0092l Sl oy opas 50 (oline Slallle (raizmen Zunl 039y 2y
5 Sis > 0 CBR polie pasye 00 BV e polie LS a0yl
ol s Gelal 5 oas pbl [8] o Kea o Biradar lawg elosl
o )d (yemzmed el S >l aS glasl el 0 CBRj0lis
B 5 Ve bslie gly Sid cls 4y Coms i CBR yolie als
ol 3o, 3 FY g YA L ol s s S Loyl oy

YYAY Lo Y o los ‘,,ba)'lgo 6339 (YK wmnn ‘091.9 9 QL»&L&L») (WIS ¥



oM dutaw ol ¢ 1515 05l < 21T S BT Uas (s bbb couisls sz

0ol wlwl ) Y Coudi Cya yunS b bglswo Y98 o)L pw 31 colasuwl

ol o 9‘”15 Ao b g ol B0le G (Y5500 g0l S
S5 pedS 5 50 pgrinngd T pummadiw (sloannST 51 Cdel (ool S
o dwday ol B oS F 4 dzgi Lok oyl Job Jb o el ol

0l ,0 (Ca0) Sal Y as,0 0929 b 08,5 0 o 4alb C 4 F N
(Si02) koo Ly (ST yolate &y bl 50 & Wl 5l s5ezb i e
NPT PEVRR VN DUWIE T JNYUUR SO CRPE S UV S PUUIR Sy [t JCVYS
Sl el 5l (S el (Y50 slagiiSly 4 sl (el
bl S asnl a e g cel (SI02) ki S Boims JuSis
oS Jlad G lgie 4 Ailgs o cplplis 0la 1) 8T Sal b saze 25Ty

sled Joe (Sadolopw anl B olml caz oVsd sloo by 5

Ol 5o 0o eolaiul S g b S onims LSt polie g0l £55 ¥ Jaus

Table 2 Test type, composing elements of fly ash and fly ash used in
this study
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Table 3 Index tests results on slag as subgrade material and their
comparison with permitted values
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Fig. 1 Laboratory tests schedule on slag and slag with various fly ash
percentage at different curing time
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Table 1 Composing elements of steel slag
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Fig. 3 Maximum dry density and optimum moisture for understudied
different materials using modified compaction
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Fig. 2 Particle size distribution of No. V and its average
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Fig. 5 Diagram of unconfined compression test results for soil, slag and
slag mixed with various percentages of fly ash
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Table 4 Direct shear test results on natural soil, pure steel slag and
mixed slag with 12% fly ash
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Fig. 4 Variations of CBR test results for soils, slag and slags with
various percentages of fly ash samples with curing times of 7, 28, 56
and 180 days
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