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Fig. 1. The general steps for constructing CSM walls
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2 Deep Mixing Method (DMM)
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Fig. 2. Constructed CSM wall
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Fig. 3. Grain size distribution of the native soil
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Table 1. Native soil properties
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Table 2. Chemical components of the native soil
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Table 3. Chemical components of the ACBFS
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Table 4. Chemical components of the IHL
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Table 5. Properties of the soil mixture
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Table 7. Mixture properties before consolidation test
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Table 8. Applied pressures and equivalent depths
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Fig. 13. Dry densities of treated samples
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Sl yehly e (ke 4 g Laiged (Sl Sliogas )5 0l
solit] (5,5macs (sylid Cenglin Lialejl 5 o] toslie
MBS 5 (5 gldes Sladisel 59y » Gilejl ol Cuslond
awolie Gl B,k pl 51 G cusloas ploxl alies slos! o 28lg
Caoglie 45 Cad S5 4 oY 05 qal Gaz 3 Lol i
Cughy woyo Lot widle S0 SB dged (597005 (5 ,Led
oanlic) Cuwlodgs miye yio gle p 5 elS VY S0 aigs
s 5 Wotigas 55 Giie slasl it b5l 1 Sy
SB ladiges gy5meST g)lid Caglio Sl (g5l Jes
IS5 50 CSM (g, 4 Salo,lyes slo o938l b ondcts
Cewloads ools ylas V¥
YA dig05) 0y50 G sl a4 a5 wins o plis Jol> mls
599581 (0903 4Ll b (o Jbyw jLid Cov oud ()9l e 59,
ol SB sladigai 5 )9macSs 6 )lid Cenlia Saloylpm
Sl ol e oot it o S 5l g 4l sgag o
039, YA (sladiges I it oads (555l Jas 53, OF (sladises (ol
Sladiges Caglie iolidl a5 cunl o] 4z BB 4SS cawlosg
50 Cwlosgy Sl (e V) Slmu Ges 31,35 L oojg, YA
a5, ol Gl Gee 5l 35 Lo, 0F ladises o5 JI>
sl 8t b S S ol e i gl
Susb) y3a> g 59, OF Gloy ey (Voo noley slaisSTy
Sl 3k 250 9l el caz (el llid) Gsaliy Lo o

ara



AFY B AYD docio VAN Jlo @ oyl DY 093 €3S pwol () yos (wrbits &y

aslo glooylges a4z 51 nlnly 095 oo flinn Coli (ol b Bos
Gos o ol ogase (s (Jg wrdlige (GSLSt iz Il 0ad
2,8 18 axgi 090 Wb el plaS Cans ol
5 Sal jpax o Gl sl Sbelse @58 )Lad 5 o)y 5
el 03salS” 5l iy sasli8l Jelse 56 Lol
FS i Gl ay i Ges 0 S LMW g, 5l eolatul
ol Jade mSlas aSG el 4 ol e bl Ges ioli8l L

039 6;».0 YY/ L}o.c B cﬁlj 9 G)ba).‘!‘ Qo 40 VO 65[} 4.19.0) Le

Cawloaus ‘5)51‘1.09 él.a...u‘ .Ia;‘)...u ol 39y D7 o aQ aS

19,98 9 S5 -V
) oss Sloyad 5 Sid ile abiwsinay Slidos o (nl
9 )L‘,._»] ool o le)é ‘_ng_ioS o A Sl uLe’_{ C«S).w ).‘

A oS g iws e g oolaiul 5j50 Sladon glaolliws

&=

[1] A. Rooh Bakhsh, B. Kalantari, Clay Stabilization by
Using Lime and Waste Stone Powder, Amirkabir
Jounrnal of Science and Research Civil and
Enviromental Engineering (AJSR-CEE), 48(4) (2016)
pp- 429-438 (in Persian).

[2] A. Zegeye, S. Yahaya, C.I. Fialips, M.L. White, N.D.
Gray, D.A.C. Manning, Refinement of Industrial
Kaolin by Microbial Removal of Iron-Bearing
Impurities, Applied Clay Science, 86 (2013) pp. 47-
53.

[3] M. Budhu, Soil Mechanics and Foundations, Wiley
India Pvt. Limited, New York, United States, 2008.

[4] EG. Bell, M.G. Culshaw, Problems soils: a Review
from a British Perspective, in: Problematic Soils
Symposium, Nottingham, UK, 2001, pp. 1-35.

[5] M.R. Abdi, F. Charkhyari, Effects of steel slag on

strength of fine-grained soils (in Persian), in: 08th

arq

& S Az -7

Gxnlii.il,oﬂ sl 5l slacgeme Jolis i Gubow
PP oy SB g Slogas p Gos S cw)n skl 4
(CSM) S LYW g 315 cpg Loy, ) ool b sabuss
Golwands gz a3 oliws 5 Il jshaie cpl 4 .cwlosys
G9> SlaS 5k Gyl sl g Wl wsle 5 (b (s, )
dHL) oo a51,000 Sal 3 (ACBFS) 2 ;0 00 8 s o)Ly
aJlas U”‘ )‘ J..ol} GL.: w‘d.»_‘i)f )‘)5 xS ool S,y90
:)’| M)L.c

5 L5 Ghey w4 edllenl owy lrejlns Cugh) vy
1 iloas gdly glitl ol o a5 (CSM) S Lk
Db oo 2ol T 20l381 L g 0098 cull Geas

reglie ool )ly  wilg ge Cughy Sless & bl
uJ)..Mc\SM ‘_;9).’.‘0 ‘55|)_7u‘59.o.c c..\.».ul.u ).'B.A o\.\.uw.u S
5 o ol 5138 Lamo o (55 B (11 Cugh, Ol s jluie
glosl Ll ) Jins S ()1 e 5 axdly (rals’ sl Sl yois
aQ o..\....:u.......v |B).| ) S 6‘;) k_5,:,.(: u.!‘ | LQ:UB.Q.: U?‘A‘fu
Y g o)l duo,0 VY ol Bes 0 S WS g ol i,
Dbe e WP L Jolas «Sal v o

Sl g o)l legs 5 (236 (NVojs 5 bt slaiSTy
Cash, pRelS 5 Ol Gl 4 e ey gy S L il
oSy (nl 2 ogdle s so 5yl des loj e b ladigas
ke, il 5 g 215 il b Sl 55
358 (o 0 ) badiged (S Cugb,

Lntiges gl 10lS o6 53 5 sme Sl et el
el o G398l jga 5l (L2 lierd 36 5l i

Sl ao,e ¥ g o)l oy VY el el Hoges aslal
2 G5 CSM g, b il 5 p55 (o) S 4 @ilyan
sbml cal 5l G alolddl baaiges Sis ¢ gldil pgase ()9
5 VA Gpsldes BaspS 5 (b (>3 50 (nl 2 ogdle S ol
S oo Sl ladiged pogascs ()9 )3 (k795 B ki 039, OF

Ol b oads asle sladiges Sis g gladl jogasa (459



with Plastic Waste, Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 128(No. 6)
(2002) 462-472.

[15]P. Rabbani, Y. Daghigh, M.R. Atrechian, M. Karimi,
A. Tolooiyan, The Potential of Lime and Grand
Granulated Blast Furnace Slag (GGBFS) Mixture
for Stabilisation of Desert Silty Sands, Scientific &
Academic Publishing (SAP), 2(6) (2012) pp. 108-119.

[16]FHWA, User Guidelines for Waste and Byproduct
Materials in Pavement Construction, FHWA-
HRT-13-046, Federal Highway Administration, U.S
Department of Transportation, USA, 2016.

[17]S. Bhuyan, S.P. Singh, Stabilisation of balast furnace
slag and fly ash using lime and Rbi grade 81, National
Institute of Technology, Rourkela, India, 2010.

[18]H.Y. Poh, G.S. Ghataora, N. Ghazireh, Soil
Stabilization Using Basic Oxygen Steel Slag Fines,
American Society of Civil Engineers, 2006 ASCE,
18(2) (2006) 99 229-240.

[19] K. Axelsson, S.E.Johansson, R. Andersson, Stabilisation
of Organic Soils by Cement and Pozzolanic Reactions,
3, Swedish Deep Stabilisation Research Centre, c/o
Swedish Geotechnical Institute, 2002.

[20]D.D. Higgins, ].M. Kinuthia, S. Wild, Soil Stabilisation
Using Lime-Activated GGBS, in: Proceedings of the
6 th ACI/CANMET International Conference on
Fly Ash, Silica Fume, Slag and Natural Pozzolans in
Concrete, American Concrete Institute, Bangkok,
Thailand, 1998, pp. 1057-1074.

[21]M.E.S. Abdel Rahman Ouf, Stabilisation of Clay
Subgrade Soil Using Ground Granulated Ballast
Furnace Slag, University of Leeds, United Kingdom,
2001.

[22]M. Kamon, D.T. Bergado, Ground Improvement
Techniques, in: Proceedings of the 9th Asian Regional
Conference on Soil Mechanics and Foundation
Engineering, Bangkok, Thailand, 1991, pp. pp. 526-
546.

[23]H.G. Kempfert, B. Gebreselassie, Excavations

and Foundations in Soft Soils, Springer, Berlin,

International Congress on Civil Engineering Shiraz,
Iran, 2009.

[6] M.R. Abdi, Effects of basic Oxygen steel slag (BOS)
on strength and durability of kaolinite, International
Journal of Civil Engineering, 9(2) (2011) pp. 81-89.

[7] M.E.C. Bruce, RR. Berg, J.G. Collin, G.M. Filz, M.
Terashi, D.S. Yang, Federal Highway Administration
Design Manual: Deep Mixing for Embankment
and Foundation Support, FHWA-HRT-13-046, U.S
Department of Transportation, Federal Highway
Administration Design Manual, USA, 2013.

[8] BAUER Maschinen GmbH, Process Description
Manual; Cutter Soil Mixing Process and Equipment,
in: 905.656.2, BAUER Foundation Corp, Germany,
2016.

[9] D. Bellato, P. Simonini, I.P. Marzano, E. Leder, M.
Grisolia, T. Vohs, EW. Gerressen, Mechanical and
Physical Properties of a CSM Cut-oft/Retaining Wall,
in: ICGI 2012 - International Conference on Ground
Improvement and Ground Control, Wollongong,
Australia, 2012.

[11 E Gerressen, T. Vohs, CSM-Cutter Soil Mixing—
Worldwide Experiences of a Young Soil Mixing
Method, in: Grouting and Deep Mixing 2012,
Proceedings of the 4th International Conference on
Grouting and Deep Mixing, Geotechnical Special
Publication 228, American Society of Civil Engineers,
Reston, VA., New Orleans, Louisiana, United States,
2012, pp. 281-290.

[12]D.A. Bruce, Seepage Cut-Offs for Levees and Dams:
The Technology Review, in: Dam Safety Annual
Conference Curran Associates, Inc., Hollywood,
Florida, USA 2009, pp. 1205-1233.

[13 Y.E.A. Mohamedzein, A.A. Al-Rawas, M.Y. Al-
Aghbari, Assessment of Sand- Clay Mixtures For Use
in Landfill Liners, Proceedings of the International
Conference on Geo-environmental Engineering,
(2003) 211-218.

[14]N.C. Consoli, J.P. Montardo, PD.M. Prietto, G.S.

Pasa, Engineering Behavior of a Sand Reinforced



AFY B AYD docio VAN Jlo @ oyl DY 093 €3S pwol () yos (wrbits &y

[26]N.K. Sharma, S. Swain, U.C. Sahoo, Stabilization
of a Clayey Soil with Fly Ash and Lime: a Micro
Level Investigation, Geotechnical and Geological
Engineering, 30(5) (2012) pp. 1197-1205.

[27]EG. Bell, Lime Stabilization of Clay Minerals and
Soils, Engineering Geology, 42(4) (1996) pp. 223-237.

[28] O. Matsuo, Determination of Design Parameters for
Deep Mixing, in: Proceedings of Tokyo Workshop
2002 on Deep Mixing, Coastal Development Institute
of Technology, Tokyo, Japan., 2002, pp. pp 75-79.

Heidelberg, 2006.

[24] A. Tolooiyan, K. Gavin, Modelling the Cone
Penetration Test in Sand using Cavity Expansion
and Arbitrary Lagrangian Eulerian Finite Element
Methods, Computers and Geotechnics, 38 (2011)
pp- 482-490.

[25]S. Wild, W.A. Tasong, Influence of Ground
Granulated Blast Furnace Slag on the Sulphate
Resistance of Lime-Stabilised Kaolinite, Magazine of

Concrete Research, 51(4) (1999) pp. 247-254.

HOW TO CITE THIS ARTICLE

51(5) (2019) 925-942.

DOI: 10.22060/ceej.2018.14279.5609

P. Rabbani, S.H. Lajevardi, Laboratory Investigation of the Effect of Deep Soil Mixing Method
on Engineering Properties of Soft Clay Stabilized by Slag and Lime, Amirkabir J. Civil Eng.,

a8y






	_Hlk471544953
	_Ref490907428
	_Ref490907439
	Blank Page FA.pdf
	_GoBack




