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Table 1. Characteristics and physical properties of the soil used in this study
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Fig. 1. Chemical structure of calcium lignosulfonate
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Fig. 2. Non-traditional calcium lignosulfonate stabilizer
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Fig. 3. Preparation of UCS samples, stabilized with different percentages of additives
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Fig. 4. Different methods of mixing soil and lignosulfonate
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Fig. 5. Preparation of stabilized samples with optimal percentage of additives for SEM testing
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Fig. 9. The effect of adding different percentages of calcium lignon sulfonate on UCS test
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Fig. 10. The effect of adding different content of calcium lignosulfonate on the maximum strength of the sample after 28 days
of curing
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Fig. 11. The effect of adding the optimal percentage of additives to the soil in different methods after 28 days of curing
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Fig. 12. Comparison of resistance obtained by different mixing methods
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Fig. 14. Microscopic image of the sample treated with 1%
additive by mixing method 1 and after 28 days of curing
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Fig. 13. Microscopic image of untreated sample
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Fig. 16. Microscopic image of the sample treated with 1%
additive by mixing method 3 and after 28 days of curing
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Fig. 15. Microscopic image of the sample treated with 1%
additive by mixing method 2 and after 28 days of curing

o o o -0

s S & anlS Sigilsn 550 o938 S gy el o
Sl (5 oten 285 )18 (Dbl 0590 by Set 2L L
130,500 Ol 2 g0 4 S Sl 5 (597

L oy 9 5 e v Gralil oS logan Gialosl b«
M‘j) > )‘ )A-AAM—’ ‘5).4.0} > LJ“"‘)S‘ R.A.A.u) aS Sl 00l ul.m)
> bl ade b oo iolS e jasls o en 4 g
s b ooyb 5l Ol gt Jlade & S a0 g col
e (Slg) 9 S

5K o938l Sl ys wls plas o lastiwl o515 ol s .
039 Al g RIB A Cusb) o) meedS Slgdlse
O ogeee Jodo 0 Slts (pl b oo S S2S pgate

0l Sl g 00l Sl (slodiged (59, (5 970 ST d.uLo)T .



SYF U SO dmbwo NFe o JL.J &y D)LM OY 0y9d ;).:..5).:.91 U‘)A'c L;»A...Q(c Ai).uu

soils, Engineering Geology, 104(1) (2009) 119-125

A. Roohbakhshan, B. Kalantari, Stabilization of clayey

soil with lime and waste stone powder, Amirkabir Journal

of Civil Engineering, 48(4) (2016) 429-438.

E Moghadasnejad, A. Modarres, Soil Stabilization with

Waterproof Cement for Road Applications, Amirkabir

Journal of Civil Engineering, 42(1) (2010) 55-63.

[10]T. Zhang, G. Cai, S. Liu, A.J. Puppala, Engineering

of
foundation silt stabilized by lignin-based industrial by-
product, KSCE Journal of Civil Engineering, 20(7) (2016)
2725-2736

[11]B.M. Sunil, S. Nayak, S. Shrihari, Effect of pH on the

properties and microstructural characteristics

geotechnical properties of laterite, Engineering Geology,
85(1) (2006) 197-203.
[12]].S. Tingle, R.L. Santoni, Stabilization of Clay Soils with
Additives,
Record, 1819(1) (2003) 72-84.
[13]R.L. Santoni, J.S. Tingle, S.L. Webster, Stabilization of

Nontraditional Transportation Research

Silty Sand with Nontraditional Additives, Transportation
Research Record, 1787(1) (2002) 61-70.

[14]].S. Vinod, B. Indraratna, M.A.A. Mahamud, Stabilisation
of an erodible soil using a chemical admixture,
Proceedings of the Institution of Civil Engineers - Ground
Improvement, 163(1) (2010) 43-51.

[15]A.H. H. TAHERKHANI, V. SHARIFI Evaluating the use
of CBR PLUS for Constructing the Pavement Layers from
Stabilized Soils, Quarterly Journal of Transportation
Engineering, 3(4) (2012) 339-347.

[16]H. Taherkhani, Investigation and Comparison of
Compressive Strength of Clay Soils Stalized by Cement,
Lime and CBR Plus, Modares Civil Engineering journal,
16(4) (2016) 161-174.

[17]B. Indraratna, T. Muttuvel, H. Khabbaz, R. Armstrong,
Predicting the Erosion Rate of Chemically Treated Soil
Using a Process Simulation Apparatus for Internal Crack
Erosion, Journal of Geotechnical and Geoenvironmental
Engineering, 134(6) (2008) 837-844.

[18]B.Indraratna, R. Athukorala, J. Vinod, Estimating the Rate
of Erosion of a Silty Sand Treated with Lignosulfonate,

vy

6 Nged & Cod Vg, 4y 00l boglia (6 diged .0 b adiges
aS 0,5 Cuglie i A N B8 o by, 4 odd Lol
9 e gladign 9 SIS o 50 (S99 e @iy S
oolaiwl V YS! g, 5l alids Oladoy den 0 .l 5 (g8
4\5 692.) Le w‘ ).' WLHQ Y .‘o){.aa'l U""?) Ml} )b w‘od.w
P kel olnle 358 o0 Jol it s SE g Cueglie
Sladiged 8 5 LIS (39, 53U (gusyp 4ol Gokod 59 €59
Cond gl 5l eoliiul b SB 639058,50 DlpsS (o2
gl s 2Sd (p5381 51,0 0l (L SEM) (g oSl 58 Soo
sbul b S glaails g aid) 5l oy SL3 o 6l s oS
JoSis 1y il ools JSid 0098 cwdVlgsS o (S59 000 (slodign
Pl dgute Sl S (5909590 50 SlpsS (nl il oad 15555
Cewloads by S 4y cons ool oy S SIS

&=y
EG. Bell, Lime stabilization of clay minerals and soils,

Engineering Geology, 42(4) (1996) 223-237.

(1]
[2] A.L. Fernandez, J.C. Santamarina, Effect of cementation
on the small-strain parameters of sands, Canadian
Geotechnical Journal, 38(1) (2001) 191-199.

S. Horpibulsuk, N. Miura, D.T. Bergado, Undrained
Shear Behavior of Cement Admixed Clay at High Water
Content, Journal of Geotechnical and Geoenvironmental
Engineering, 130(10) (2004) 1096-1105.

[4] P.Sherwood, Soil stabilization with cement and lime, Her
Majesty Stationary Office, London, 1993.

[5] A.Behnood, Soil and clay stabilization with calcium- and
non-calcium-based additives: A state-of-the-art review
of challenges, approaches and techniques, Transportation
Geotechnics, 17 (2018) 14-32.

P. Sherwood, Soil stabilization with cement and lime
(State of the art review), London, Transport Research
Laboratory, 1993.

[7] E Sariosseiri, B. Muhunthan, Effect of cement treatment

on geotechnical properties of some Washington State



Mechanisms of stabilization of expansive soil with
lignosulfonate admixture, Transportation Geotechnics,
14 (2018) 81-92.

[26]B. Ta'negonbadi, R. Noorzad, Stabilization of clayey soil
using lignosulfonate, Transportation Geotechnics, 12
(2017) 45-55.

[27]B. Ta'negonbadi, R. Noorzad, Physical and geotechnical
long-term properties of lignosulfonate-stabilized clay: An
experimental investigation, Transportation Geotechnics,
17 (2018) 41-50.

[28]T. Zhang, G. Cali, S. Liu, Application of lignin-based by-
product stabilized silty soil in highway subgrade: A field
investigation, Journal of Cleaner Production, 142 (2017)
4243-4257.

[29]T. Zhang, S. Liu, G. Cai, A.J. Puppala, Experimental
investigation of thermal and mechanical properties of
lignin treated silt, Engineering Geology, 196 (2015) 1-11.

[30]Q. Chen, B. Indraratna, Shear behaviour of sandy silt
treated with lignosulfonate, Canadian Geotechnical
Journal, 52(8) (2015) 1180-1185.

[31]A.H. Vakili, J. Ghasemi, M.R. bin Selamat, M. Salimi,
M.S. Farhadi, Internal erosional behaviour of dispersive
clay stabilized with lignosulfonate and reinforced
with polypropylene fiber, Construction and Building
Materials, 193 (2018) 405-415.

Journal of Geotechnical and Geoenvironmental
Engineering, 139(5) (2013) 701-714

[19]B. Chen, Polymer-clay nanocomposites: an overview with
emphasis on interaction mechanisms, British Ceramic
Transactions, 103(6) (2004) 241-249.

[20]T. Zhang, S. Liu, G. Cai, A.J. Puppala, Experimental
investigation of thermal and mechanical properties of
lignin treated silt, Engineering Geology, 196 (2015) 1-11.

[21]A.H. Vakili, M. Kaedi, M. Mokhberi, M.R.b. Selamat,
M. Salimi, Treatment of highly dispersive clay by
lignosulfonate addition and electroosmosis application,
Applied Clay Science, 152 (2018) 1-8.

[22]Q. Chen, B. Indraratna, Deformation Behavior of
Lignosulfonate-Treated Sandy Silt under Cyclic Loading,

of Geotechnical and Geoenvironmental

Engineering, 141(1) (2015) 06014015.

[23]Q. Chen, B. Indraratna, C. Rujikiatkamjorn, Behaviour

Journal

of lignosulfonate-treated soil under cyclic loading,
Proceedings of the Institution of Civil Engineers - Ground
Improvement, 169(2) (2016) 109-119.

[24]D.P. Alazigha, B. Indraratna, J.S. Vinod, L.E. Ezeajugh, The
swelling behaviour of lignosulfonate-treated expansive
soil, Proceedings of the Institution of Civil Engineers -
Ground Improvement, 169(3) (2016) 182-193.

[25]D.P. Alazigha, B. Indraratna, J.S. Vinod, A. Heitor,

methods, Amirkabir J. Civil Eng., 53(2) (2021) 659-674.

DOI: 10.22060/cee].2020.16461.6238

A. S. Giahi, M. Jiryaei Sharahi, B. Mohammadnezhad, Evaluation of a by-product and
enviromental-friendly chemical additives for clay soils with different mixing and curing

20 gl Ao (9] & 598

vy






