W

We ol R

$5-00 «Sidgls Allio FY Hla) ) 0o BY Al e ) Lno § o pos oawedien s pid

998 0585 (53¥ 93 (slao b L oudicundd (9 ¥ g ()l S L) s i
(BOF) (y55m51 0555 g (EAF) S Sl

‘ﬂs‘{‘)] @LeT Uac “o]i;.a )%.éoL@ S 9o ‘\':55‘53],0) C}.:‘

RS JAPS PSP GNP JUCHFIV-P S SURPICIES ISP JEL %5 S-S P L
u‘)-éf ‘US"“’" 9 uLo.».’>L~: omﬁf M)l L_‘;M_,[_»_M‘,)[S w}—"]wbv

SIS S5l e g S ol Dz S e Sl ) g ST i Ll
VE-TE10 odUT 5 ) E e = PEID ey e VA 106, S55L A YAANYIYS il o

ouSs

ole S slord 5 (Sopd Sojlen am J)le S iloads LS5 w) 5 (S0l mllas Glojps iias 5l a8 aiies SlaSiw )l
by 0 anilion 0l (e (She s Vb (50,88 Cllll (oS ()l 5 Sueglie cush) 4 Conles oniamn J1E, ol o)le sla S oo
alldl by g0 )a glhee o )l57 j0 colaul gl canlio 8 sla S cdel S 1008 o adgi g9 0Y S (g0l e aVle ¢
Sal asile g GlrosisS s 0y dasmeluw ) EMie 5 51,5 4 azgi b sl 3Yg8 Cato (il SV game 5 (S 0V g8 o)l 098 oo
s o)l S ot dllie nl 5509, e S Cnti 53 Wil oo Y98 o)L talin Sl Sy 5 (39 Tl b e eizmen 5 Glow 5
43,5 |8 o) po,se (Electric Arc Furnace Slag) EAF 5 (Basic Oxygen Furnace Slag) BOF (slao by ailos, b w)Bzds o09pY S
inles] o wasge;] ol .50 ags EAF g BOF 093 (slao )b ailo 3y, calizes duop0 F L ssisieis S 059, V slodige;T jglaie opl (sl el
Ll b g p9nY S i OluS 5 s 88 13 6 c0le O ol b oS sbadiged (59, ool Sgdzme (5,950 ST (g Lid
Coglin 0,5 bl oyyle S j0 1) Eso el o po 5 (5,9700SS (5,La8 Canglile (4 3 iy BOF 0¥48 0l s ( IS ;o .axis EAF o¥gd o)l 5u
VP 5l ools sgy SWl ) )l (5,570 ST Cuoglie atuslys EAF o)l s .ol 4Bl 2ol YA Kg/em?2 b +/Y 5l oadiconis g9 Y Sk
D5 oo YINKkg/em? ke (6,650 SS Canglin (3 5 i g0 BOF o)L, VY7 L conis . ile o V/AKg/cm?

6)929&: CA.AsLM s BOF O)L_).w EAF o)l.g)w ‘L_,’_:”:Y S ‘u)Lc :Lboj‘s.\gJS

Wl wolas o a4y glabk I waige o S
o,Ken 4 Aiban) 5 (V4YQ Higginbotrom 4 Fookes)
9 Ceaglie odezmy JL3, 4 plyoe (p)le slaShs 51 (VARA
S8 CelilB (o) S G Sle jpax bl a) o5 sk
(VWY ) en 5 Seco) dges o Ll b (5 pmes Sy o YU
scwus sl S)le S (V-1 ol Ken 4 Bensaifi) 4
i Cend g el Gl dlas os5UsS el Sl ool
15 ke (CBR) Li,adls (gl o o)y ol ol
s Aiban) Wl o aba>de B jalS Hul Gl plKe
200y Ol e BB S5l GleS .(VAAA ) e

4zl -
5 oS oo oReal Jidoay 5 o)l (Sal coale o))l
S3l> o) S Gloreds le Sl Hopie Jlon o S
00 ) S ite polie izmed g el DS 000 PO B YO
S osle Sw (Vo Ve () Sen 5 Al-Amoudi) 09 oo iy y25
5t sl osds S5 g g (Sl @l (lojen (oniias
oK o 5 Seied (o am e S
Siwdle Cnglys «Sol S iged sl yole SluyS
@ ) (092 e oS5 Bl gy le ool (g Sl S
5 @l (b SlaS 5 (ol Hlde 5 bame ) g5

1. Dolomite

SYV-AAYBOREY :pulas o)la ¢ Jghums 0dinaygs

(,] BT .¢) aghaeiaraei@bhre.acir «(s,4ie 5 35lo .p) msadeghpour@bhre.ac.ir « sle>, .J) irahmani@bhre.acir : Joss! o,0]



FE-0O (VF+Y ;L) ) o kol DY Wl cCann ) bawxo g Ol yoe W Ay el / Qb&o.b 9 LS;L“"’) A \Yd

65l> aS cCawl JY9.9 éxl.uo l5“"L> Jj.az.a ‘QYP o)lg)..w
(5ol 6ol Hlade daonST ¢ laclSlw 51 sloduzy SluS 5
Sibee s b polie ple g id e e
oLe ¢ Teng) 4 (Y-)V (Al Hattemleh ¢ Aldeeky)
o998 0,85 o)l aile )by S5UsT glgil o)l (VY-
0,y «(BOF) ” 50051 0,65 (50¥g8 o0,b v (EAF) ° S 25Ul
Ja5 Jol> BOF o)l “aily 0,55 o) peo 5 (55105 0501 0,58
GBS g leerd sla iy 5 Y58 4 (el o) oz
L)’b" uso JM EAF o)l;.).w o \AA.LJJJ ul.o...w L h_i);))) Q]
QYBS O)Lg)..: ] 0‘)!93 \.)\J-IBJ 6‘)’ 67:.».9...:‘ &1 9 iM‘)ﬁ
Slasl 43505 aiile 5 owdige sl Sy 5l ool ganails
Oil38l 4 e oy 5l oolail « ol s sl 1o 555 15 VU oST55
Tasallotl) Q?.M}‘SA ol C)LA‘ S lSM)J" C«ABLQ.A Lgl.{b;).aj
5 Deng) 5 (Y-VF (], 5en g Qiang) «(V+10 ),Ken
LS)" h.)li».l.o.v)) CYS 69[} BOF o)b.)w (Y' VY 50‘)ls.o£
Vg sl Jgle g (penlS (58 DlSLiw) CYS (pumdS
05l 0 LS 5 ol jlase 09 o5 Judody Lol calily oo (FeO)
5 Wilkinson ¢+ -+ «Qian g Shi) 045 o0 ol s wiliyy
o, ¢ Belhadj V-« # ) IKon g Poh V- Ve ()] S
BOF o)L, yls Lol glas (YY) g Deng <V - VY
CYS) O)Lg).w u.]Lc lSJlS a5 Sl &G U"‘ ) ‘AA.LJ)J ulMAJ 9
AS Caglie b S g gl o sl (CYS oS L ol jon
(Voo ool Sen

Slp SE wsitn 5 (o5 sl Sy S99 el
9 oo AL sl olbpant i 5] Blaal 4L ) SO el
S 059 6,18, sla S 4 az s L.(VYAY YPA 4, 120)
LS)L"“'GH la S 'J"‘ G A4S Sl ﬁ)y “_)T ).ol).v L o).asd.o u’_i)l.n
dej )‘)5 OQL&.L..:‘Q)}A LQLS‘)")‘SB 99 e g Jas.w Sl 9
AOYAY (e 5 ollS (00l

Wwgn) 03U laceS 5 Bt ) Wlg oo s Bg5le
gy Olyd mhas (59, p e Slul B (S 55, Ol o
QS sl ((hgby Camlus (0,5 sgamme (gl y) cauS e
(YY), 4 Stoltz)

9 by S «Sal b Gloww b oy Lo LD slez b o
008 S SLL Conglie 1 ol 3G 1551 o CoriS

7. GGBS: Ground Granulated Blast Furnace
8. Pig iron or crude iron

9. Scrap iron

10. Wustite
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2. DM: Dredged Material

3. DMS: Dredged Marine Sand
4. SS: Steel Slag

5. EAF: Electric Arc Furnace
6. BOF: Basic Oxygen Furnace
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16. Poorly graded sand

17. Zeolite

18. Nano silica and Bioenzyme
19. Sulfur-Free Lignin

20. Phosphogypsum
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11. Clinker

12. UCS: Unconfined Compressive Strength
13. Nano Silica

14. CES: Calcined Eggshell Waste

15. Ground Granulated Blast-furnace Slag



FE-0O (VF+Y ;L) ) o kol DY Wl cCann ) bawxo g Ol yoe W Ay el / le&ﬂg LS;L“’) A OA

Sl ) sl e BOF s 5] it EAF ol o5y ISz
iy erizmen (VYR8 (] Sem 5 las ) T4 oS
LS (V) Jgaz) 4y e sbeoylyw olend OloS s
1 ol bl e 1] 55 S aeaST ¥ 5| i 3925
st i) Sy sl 0 Sl e ) ks Jlab 90

Sl aalgs #, S

958 )b (29 Y SB o bonis slocyge;l gli - Jsu
BOF § EAF o,y 4gd

(32)3) (ploord lopse;] @b

S SE ol eyl ol rolie

ool sy BOF EAF

YAIBO VA0 FAD  AVEIFY  ad Fe Sl s S

VAN YAIVE Yo E VAA (S102) pmrbins ST
fIV- VIV f/4- £I50 (AL203) paicog)T 3nS |
fIv- o/f- Yy Yelp- (Fez03) ool oS
YVYIA- Yy/ag YSIEA  YNI-A (Ca0) padS” 0uS'

v/ - Y/f- VIV FIA- (M80) (o2 juie dpuaS|

JYS SN YIAA (503) Slilguu

2 RLE5 e hGiegh Gl po w8, JSa o)l S
Sl odwlcwwsas Gl pl Gy Jlad 4o 0 b 0 cle >
o odos SIVD) F o p0 S 5| 5SS a5 o ke S 51 e
S ol i85 )18 ialesl 890 5 oo Olses] sl 009
29 AT TRl gy el o] st 5 ol G
b7, s gl le S el by oo SP amie g, el
PT) 5 oo 5L 5 (53,50 VB J1 ieSrs®) alsgs, oo
JRCT N I WP E 1 EECI IRV | 2N AW [N
ol ganailo PGD) o o il Jlods po xSt
il oo A-Y il lal 5 g SP asxie gy (bl o S5
ASTM DFYVA-)+ 5 ASTM DFRFY— A (clos,laibiasl ol
99 8 sl Jlaged Cunl jho ol SI Gl (g e als
55 ol odas Sglis el KT el ol (V) S5 o S
el e ST 0 WV, gy ol 5 ailoyy, 2525 S
wlog; 9929 Sl olos oo ailo ) Sloo,lyo Jansgs Cums plsil
2,5 dwlio Ko L) LS |5 (5>

Golad Cawglie Jlaie o Sldlae I gyl o
Shol G5 Jole G plsrea (UCS) ous sgamme (5592005
ool a8, 5 4y S slboniS ot sl b)) @l
(Y+\0 Salimi 4 Goodarzi)

24. AASHTO
25. Persian Gulf Dredged soil

" ndS” SlioglTgal g 51 (YY) ()] 5o g Pooni g (ylocs
g Lo I gwypm 4 (V-Y) o) Ken g Zhang .uilaid 3 0,4,
b oadicts (p9n¥ S (Sl )8, osldes oo
a5 5 GGBS g ylages

o S st Sl gy 4 (V4 19) 4l [Sen 5 Yaghoubi
sl 5 04l 5 (g0l S b oadicois by ey
Sgh el cesles Ll L TTUCS il 5l Sl
Gled 5 (059, YA 5 V) yloy ol 3L (Y- Y +) Ko s Wang
S UCS oo 55l os (5,5 c5lo a0 8 5 YY) 0)
oenelS” AT 5 riaie dpnST GGBS oS5 | onbirs
£ oy syy 4 (Y+Y+) Ghorbani ¢ Salimi .ol oo (j2o!38!
FO 5 Yo syl doe sles 93 ,3 BOF g GGBS L sniianis
ilails (o )F gl ax )0

S o (@9pY S el gw)p dlie Gl Soe
il gl 5 s, oty b 5y oibe SB 5 il
G515 BOF o, s 3 lgol 45 Lo oYg5 ails IS EAF o, jus
aslogyl (3l 5 lodal (plogd

ad, 5 wlas -¥
o)y SleganY 5 Oyle S St sln gl cnl o
S ol 00308 oolaiwl Fe 0,05 Sl 5l 003,35 EAF 4 BOF
(V) 55 )3 BOF g EAF (glao)lpw ailog; 5 (090Y «o)le
a4S a8 IS4y BOF 4 EAF (slaob s .ol 0als ools ylis
ol 438 oy T adgs 51 Jlo SO 5l i a5 Lire (s sakins
352 3| 56 oy Jloiol falSiaigS oyl sslisial e
San 5 Sl ) el o)l 5 S bglio o ol;] Kol

(\vaa
) @ ‘ () («h

(PGD) 129,Y S (0 «(Marl) 5 lo S (Gl ) JSib
EAF o)Lg)w 4.3‘0}-1) (O BOF O)le)ud 4.3'0}-1) (C

SDFYVA) TS, sgam Sl ialesl Lelul

Sl g SIS e Sy 4,54 o)l (ASTM
21y BOF o)l (Gs) o3y JE> ASTM -DAOF s el
ol Zes WA oy BAF 6.l s (Gs) o35 JE> 5 £Y/A)

21. Calcium sulfoaluminate
22. Unconfined Compressive Strength
23. Atterberg limits
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1. Introduction

Tabriz marl soil are Lake Carbonated sediments. The percentage of organic matter in this soil is less than
6%; and does not fit into the classification of organic soils. The carbonate content of this soil is from 10 to 35%.
The classification of this soil is mostly CH and in some cases MH (Mahouti and Katabi, 1397). Dredged soil is
not much different from conventional fine-grained soil and can be used in a variety of applications with
stabilization. Due to poor geotechnical properties; they are stabilized for use in dredging materials in
engineering applications (Chan and Shahri, 2016). To stabilize the soil; Stable stabilizers (such as steel slag and
industrial waste) have been proposed to replace cement. In the meantime, the environmental compatibility
(safety in terms of pH and harmful substances, such as heavy metals and toxic substances) of BOF slag (as soil
stabilizer and filler) has been confirmed. Therefore, the use of steel slag; In addition to reducing project costs
and environmental problems caused by lime and cement production (reducing CO2 emissions and energy
consumption), it does not pollute the environment and eliminates the problem of accumulation of by-products
of the industry (Proctor et al., 2000; Motz and Geiseler, 2001; Kang et al., 2019).

2. Methodology
2.1. Experimental study

In this Study, Tabriz Marl and Persian Gulf Dredged (PGD) Soil are stabilized with Electric Arc Furnace (EAF)
and Basic Oxygen Furnace (BOF) Steel Slags. Based on AASHTO, Classification of both soils are A-3. According
to Iranian Manual no. 268 (268, 2003) and PCA Handbook (Portland Cement Association, 1992), the
recommended amount of cement for A-3 soil stabilization is 9% and about 7 to 11%. Therefore; According to
the purpose of the study to use fine-grained slag instead of cement and the weaker adhesive properties of slag
than cement; 9, 12, 15 and 20 percent of fine-grained slag were considered for soil stabilization. To compare
the effect of stabilization, Unconfined Compressive Strength (UCS) tests were done.

2.2. Specimens

Due to the lack of adhesion properties in the PGD soil, it was not possible to make a sample of it. Therefore,
the selected specimens were:
e Marl soil;
e  Marl soil stabilized with 9%, 12%, 15% and 20% of BOF slag fine grains (passing no. 40 sieve);
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e  Marl soil stabilized with 9%, 12%, 15% and 20% of EAF slag fine grains (passing no. 40 sieve);

e PGD soil stabilized with 9%, 12%, 15% and 20% of BOF slag fine grains (passing no. 40 sieve);

e PGD soil stabilized with 9%, 12%, 15% and 20% EAF slag fine grains (passing no. 40 sieve);.
After preparing the samples, they were cured in a humidity room for 7 days.

3. Results and discussion
3.1. UCS Test Results

Fig. 1 compares the Ultimate UCS strengths of the tested samples. As can be seen in this figure, EAF slag has
no significant effect on the growth of marl soil strength. This effect is less in the case of PGD soil. In the case of
soil stabilization, BOF slag has developed a higher strength. In the case of marl, the noticeable increase in
ultimate strength of up to 3.8 kg/cm? confirms this. Also, it can be clearly seen that increasing the amount of
BOF slag after 12% reduces the final strength of the stabilized marl soil. Therefore, 12% of BOF slag can be
considered as the optimal value. In the case of PGD soil, there is no optimal amount; as the amount of additive
increases, the UCS strength of the stabilized PGD soil increases. Therefore, for PGD soil, applying 20% BOF slag
increases the strength up to 1.8 kg/cm?2. The strength of this sample is close to 0.64 the strength of the marl soil
sample stabilized with 20% BOF slag; and 0.47 of the maximum UCS strength of marl soil. Due to the similar
classification of both soils used in the study, the difference between these two types of soils is chemically and
the amount of fine grains (clay minerals) (PI number). PGD soil is obtained from the marine environment;
therefore, this soil contains some sulfate. On the other hand, PGD soil does not have fine garins. These reasons
have caused the difference between the stabilization behavior of these soils and fine-grained steel slag. This
can be clearly seen in Figure 1. The ultimate strength of fine-grained marl soils stabilized in most samples is
higher than that of stabilized dredged soils. In fact, only the final strength of the PGD soil with 20% BOF sample
is comparable to marl soil samples.
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Fig. 1. Comparison of ultimate strength of Marl and PGD soils stabilized with EAF and BOF fine-grained steel slag and marl
soil

3.2. Elastic Modulus (Esp) Comparison

Figure 2 shows the values of the Elastic Modulus (Eso) of the stabilized specimens. Except for soil sample
stabilized with 9% EAF slag; as the amount of slag increases, the amount of Elastic Modulus (Eso) of the
stabilized PGD soil samples increases. The growth of this coefficient is higher in the case of BOF-stabilized
samples. In the case of marl soil samples stabilized with EAF, there is not much growth compared to the virgin
sample and the elasticity of samples contain 9% and 15% of EAF slag has also decreased. Of all the specimens,
BOF-stabilized marl specimens are in the best condition. The value of the Elastic Modulus (Eso), like the UCS
strength, is maximum in a sample with 12% BOF slag. By increasing the amount of BOF slag to 15% and 20%,
the value of Elastic Modulus (Eso) decreases.
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Fig. 2. Comparison of Elastic Modulus (Eso) of Marl and PGD soils stabilized with EAF and BOF fine-grained steel slag and
marl soil

4., Conclusions

Based on studies performed by UCS Tests on marl and PGD soils stabilized with EAF and BOF steel slags,
the following results can be inferred:

e The average UCS Strength of PGD soil is 1.6 kg/cm?2 and its average final strain is 10%. As the BOF slag
contain increases to 12%, the UCS Strength of the stabilized marl increases and then decreases. Therefore, 12%
of BOF steel slag is considered as the optimum value. The increase in UCS Strength of marl soil stabilized with
BOF steel slag is about 140%. In general, BOF slag caused the brittle behavior of the studied marl soil.

e The addition of EAF steel slag does not cause much change in the UCS Strength of marl soil; Even the use
of 9% EAF slag reduces the strength by up to 40%. The maximum increase in the stabilization resistance of
marl soil in this case is 13%, which is obtained by adding 20% of EAF slag. EAF slag fines soften marl soil
behavior.

« Stabilization of PGD soil with BOF slag is more successful than stabilization with EAF slag. The maximum
UCS Strength of stabilized PGD soil is achieved for 20% BOF slag. However, the UCS Strength of these samples
is significantly different from that of stabilized marl soil samples; the maximum strength of the stabilized marl
is 2.11 times that of the stabilized PGD soil sample.

» Adding 12% of EAF slag to the marl soil increases the Elastic Modulus (Eso) to 47.22 kg/cm?. This value is
the largest increase of Elastic Modulus (Eso) due to stabilization with EAF slag. Stabilization of marl soil with
12% BOF slag (optimum value) increases the Elastic Modulus (Eso) of marl soil from 36.92 to 253.33 kg/cm?.
Clearly, the addition of 12% BOF slag has the greatest effect on stabilizing marl soils. In the case of PGD soil, the
maximum Elastic Modulus (Eso) in a sample with 9% EAF slagis 100 kg/cm?. In the case of other stabilized PGD
soil samples; Addition of 20% BOF slag resulted in an increase in the Elastic Modulus (Eso) from 25 to 94.74
kg/cm?2. Obviously, in the case of Elastic Modulus (Eso), like UCS strength, the stabilization of marl soil had a
more significant effect than PGD soil; So that the maximum Elastic Modulus (Eso) of stabilized marl soil is more
than 2.5 times that of stabilized PGD soil.

e Due to the similarity of EAF and BOF Steel slags and the classification of soils used in this study; The main
reason for the difference in the measured values is the lack of fine grains (clay minerals) and the presence of
sulfate ions in the PGD soil and the effect of these substances on the chemical reactions between the soil and
the fine-grained steel slag in the stabilization process.
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