[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014049 ]

ax VE Ol ¥ ooled o 5l i pwdige olid oo @0 250

& - @ S48 - LT
oW jow 1Y T (SS9 ) Olwogad 30 mog) Wl
BT o LI gz ooliude Lo yude T gm0 a3 < A DT

] 555 oDl ST oSS (5 alg 1l e sosikigo 08,5 105 55D (557tils )
Sl ey ool o3l oliils 5 15 axly oyl jae g 09,5 ¢ jLatils Y
Ol oy e sodl o3l olRasls 5y 15 Ay ol jas  cwaigee 09,5 ¢ Lokl Y
Sl s sedl 33T olEils s 5wy S psle 05,8 ol F
Olnl ey e ool Sl3T oltils 055 axly )l 509, 5 dngyl azlyy ol 4> sl dxwgs g e Sligkos 35 50 O

VRN iy 5t ACAVANTI O TR e

cuS>
S goi cpl a8 Sy il e Jhoalins oS> 51 Ko £48 S dizid s l)ls a5 j58 Jls oY sl
b oigers £589 4 S0 5k 9 Sl O Az 0 5 00d STy 5 py98 Sz Wlgise 0,65 3 ST 5l v
518 ot jods Ay, GOSIS 1) 0y Cado 5 deg)l azlyd ppl ddge Sl g it Sl @ az g
39 oo b cunl Ygie Caols Glilo a5 ungy oole 3l jelaie (pay ail go yolo Gaios Lol Blaal
S50 S LY 50 Y aoyo b 5506 Gleie 4 peedS S 000 Joloe o o 44 ail8la> b 4, ¥V 5 0 F
SasS5 955,y bl g o (5590 s 5, ST o ds a a b (sladiged L 35050 ,5 bgliee anlllas
Pl 0S8 g i b (897 ST (5 LS Canglie o lailinl 1515 alBislej] slaygesl oot s S
lS S 5,000 1 Y ol pad 4 gy Y S 5 was o i pols G ] edel Cewdy s ool a8 )5
R VXY Gl a0 1 00l o diged (Kt alasd )0 1) (65950 ST (5,Ltd Ceaglin (55l os 59, SO 5 e
Vo ol SEhsl aygly jlade muedS 0nSg,000 7Y ol o a5 Guoogy 1Y oS 5 ioran Sl osls 2ol 38l

al, olﬂ £ SHlade ij)m o, ¥ ool e A gy oy Y oS 5 gl jo il ools dguge ol y

Sl AlS do 0 AP lade
ol e 08 o )9 gV dild gy ) S el ads
doddio
50 el o JuSis dals S g Of dep isu aw 5l g 009 ax )L e lame O Sl ateine aSGlisen
S i JSs Jlroo3ly slasl 150 S (JI (6La3 (199 Vb g S LS L o Lo o 4 S anbs Lail 0

dn Sl ol 5 (ol o el e oo &y ctng)| 4zl pl 4052 p0 058 0 03,28 SlaSh i 5

DOI: http://doi.org/10.22034/JEG.2023.16.4.1014049 rouzbehdabiri@yah00.com : Jste soiuyss *


http://dx.doi.org/10.22034/JEG.2023.16.4.1014049
https://ndea10.khu.ac.ir/jeg/article-1-3088-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014049 ]

Sl S5 Sls gt 3 e G qy

SB @zl o ol OF YL 5,58 4 azg bl 48,5 )18 SosSis ome ,0 o Blbl ddlais g deg,l axl )0
el ® nl 05 oo S8l (ool Gialud (B yme jo ddlaie slask YL ey 1 50 5 009 ol ol Bl s
ol ) Jeols oal 099 4 cosdm j5 LS (ol ol 040 o dllain 1o 3,5 5, 0 § Slga, SIS S > el
Sl slagsdse dlax 5l py5 5 il ohyg ijsl 3925 4 Jlyee slaefsn yo atilie |y sl IHSLL ol b
Ao (o Lol )55 g Wol) 4l Glasl e 5 (Silo gt @y drwgs & Azl b Bl LS WS enl o
R ol Spslre ;0 a5 Glej oS pl wio S oo obSE iz 55y 2 pte Sleeign CSle 4 2l leane
B oo g il Gl p g axsS Glae 0T jo ) O3 S GlaS s e O 28l bz L L s WS
S0 e el oY sy Gl o canis g 60k 2Uly Grals (o1 STy ol Lol Jule asgas
Jlas gals g Jla slaojlaS il 5 anags 00 g, S5y a8 SlaiasT Lide b el (S ((Some 4592) eose
3,5 oo 0z, YU (gladads o5la8 SBgs Cuand 10 (555 Slge z9,5 g pupw blul o a5 Slzass] clld S o
a5 Wgd oo s S oS del> Ol 3 g lglyd slasls (ssizme aile S slge 4 Sl () (o ojlas Wgd co Juol>
S sl Gylgie 4 aS Canl Sl i o0 lgs 40 ags 0 8,5 Slakad b g olgl,8 gladas loasgly &l,d 5l S
0diS S olgs g ygalo angs ;o 0k Hlade 4y slge cpl 51 g 00l 00 G il (laie 4 uoegy S 5l gl o o
Jodo 0 0 p0 Ol o0 35 (297 9 S ol (095 Seed 5 e sln Slge Cnl oy Al Slew S0 51098 e osliiu]
S5 Sl bsle 050 4 a5 (pgane plars 5 S lagm a8 320 015l e FYsin ol
@ ,500 B,k logd co oolw] cwdige laal g oo (B le jo ailiy Sl dgd ) uiores § Sl @LMAMT
Y] ).:L>o ...\39)69 )IS 4 lowo d,ch 6“)‘5"‘3 Q""’L“" (_g|).: Q‘}a U”‘ daasls J:>‘Q )9 ‘9,&7 6[&&5‘9—‘ Sg>9 cde
o OBl ol sy Lol Bas wyls 18 s g e wigles ol dalaie a0 ]y cad aSlis
Slyd ookl b 5 s o ddlate ;0 9290 (goud o loalinse S Conls g Mol Sl 5 ol 3 51 (6,5 ol
Slul as 8 lo a5 jshailen 00,5 oo 0o o)Ll )] 4 dwlsl jo a5 ail co yguml i youli g8y AT 8 ol ot 4 g ey
Sly gaz b3 ol jslme Jl5ey9h Bblie 5 aeg)l azlye 10 0,55, ady lapsls anws 5l (A6 (S slas S,
azlys nl e 9T 515 e Gl S5k sl 2l Sl (Byme ogas ;o o) Slalllae az ST 055 o0 gmme iy
azl,o Blbl cad Sas Lol ool Giule 3 lawgy ool sbml @3 Jlake pgas o Sledbl Lol wanl cols sl
g 009 o_i\).,o.c C;l.tbob/,g 51..9‘ 9 o L;La:;’;g.?JBl )’| (e ‘_gLa:o)’L..: Slas| (_g|).3 Q.,ol u;L"“ ol (CyTreRd .e)L.\S 39>
5 5k 0,500 1) 59, sl p3Y (B Slastin gl cile flas 5 s Sl ool oS SoSSg5 olys
Gl o)l 925 WS Lol (b slajls pled wlgh o5 (oo 4 (plitws Bl (S5 sleojsn 5l 65k
5 ouiS grhus (Gaoe Sl gy 2l wilon (oo g, b oo 55 (oS Ll 4 a2 5 L (e 500k Sy 5 Cenglie
U‘}& Le 0)5)4 J.?bo sSL’> C)La‘ 0)‘9.0 u.“ ).) “L?L».u )Q 09....:‘5@ J..ol} u.auO) ws.a_v 9 u.a.u.! u.g‘.> ASL‘> L 6:\)5)3‘ 0‘5.4) lJ
o (S o By ol Gl eSS eol iole 8 (K By 5lail pe St 28, Cqz b ol 5l (SO
Olble 4 axgh b 0gd o0 S dos g S slalaze ;0 S Gl e el g oog lgp ( Sogll 5 Ces)


http://dx.doi.org/10.22034/JEG.2023.16.4.1014049
https://ndea10.khu.ac.ir/jeg/article-1-3088-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014049 ]

q¢ \f-\Qm;fijw‘ﬁayu&‘rxywu;@)‘g);}

5 Sl 5l ookl L) SlSe bs, 90 4 Sb (SoSiel Oliogas (gjles 5 Con sla s, S5 Sl o ol
syl 42510055 oo plal (S15 5 0ad 03933 oole i (plieed Sl 1Sy Wbl ) (ploosd 5 (515 slahs,
P9y B,Sag; cnl 5l (e aBlor Sy Lamme Jacings la ), JLis 4 S e aleend by )0 Guiliore
e Sl 5 So 5l am (Y559) Ogmmslitons G2iSTy a0l 2 sloshs; pom Juud Glyie 4 a8 0l so Ggmmilys poudy
oS il o YU b Lavsgie peiol] Clale 5 ol aenedS b 65k 00t b slodiges b yokysss (L €t al., 2010) sg0i
Provis et al., 2009; Yung-Ming ) wiss o oudgs SISl Lyl (g9l pllas § apnS g 0un Jolo (o 2STy 5
g YL oLl g Coglie cde 4 p3l sloans 1o 550 eod Jlad SICLew Luwgll slagyloow 5l ooliiul (et al., 2016
155 LS 5 00iiS el mlie (lsieas (DaVIOVits, 1999) soly S 5 (Yo ¥« ulS 5 Wlsss)) il (ysmmon
Cao plas Sleislo mlio 10,550 g, 5l eolawl 4> 31,065,513 solaul 8 )50 aiiled oo (ygaml i youds 55 0] 3 Jo
a8 olml g (Phetchuay et al., 2016) ojls o5 s Sldllas a5 5L 5 009 by Hlos SuSTg85 (wdigeo
Oy Oligizs 10 a5 0l lSdiw 5 aslowegll 51 pasin polie sl)ls a5 aib o (0050 45 5L5 yamml i youds 653
& bayye ogas onl o Sldllas liee o i 5 Sl o0l b 63b 3la bt Cgz Slse ol 5l alise gl
Ambroise et al., 1985; Caldaron and Burg, 1994, Wan et al., 2004; Lee, S. K. ) ceul ooy g0l yinS
5 %) il 5l eoliiwl 095 ol L .@nd Stebbins, 2006; Duxson and Provis, 2008; Li et al., 2010
5 Ol wsiedd] aie laie 4 55 Sl 5 e ((TUtUNChi et al., 2021) 5Y48 0,55 o)Ly ((VF+ Y ()
Silate 9 S Sln Ol recli gty Al Slaghs) 9 ) aiey o load @Bly (o 3)90 Al DlidoS
3 s (VYA ) Kes 5 Wi oles cwl 485 O g0 g paise Oldllas joi oY 5 o, ailoy, oS>
Sal 5l oS 5 g Sl 0,5 L lalls - Kt ool olaal ;o cthow duwlo g 558 S  Soglie slo Sg Sgupe dis)
G St sl & ke 9 ,See 7Y 5 ST 7Y 09580 ols L gl aisls plosl 7 # b+ sloojlosl b Sl 5,0
9 S (5,lad Caglin 138 1 slo,giSl w4 QINYinetal, 2008) .aisy o s5ue |y j5i S 0 Slas
GolS 956 Sl oo 5 S-Sl Cos Winges odnlie Hlagl wiSls S Sal b ond o dlu
5 Sal b assly conts ol 58 S gl by a5 gsh canl Aol 58 S g Ld Cunglie o 135,50
Ded oo JolS Dae 3o o GWT L Sai¥oi STy 92wl oo (o33l Soaldes loy o 38, YL L Sl
BiNiCi, ) .ol o (2olS oot conis dolo 58 S (g )Lid Conglie <Sos s ,d 2al3dl 5 o515 a3 0 (2alS b (pman
S )5 e 1) 6 roshi s Glows B 0508 oS 5 905 000w b 1) Blisre lap¥sje 095 lalllas 5o (2013
Ol (59 Oladms .0ged oolawl jurog g (6oL S Y8 055 ol 1 0g Dlids (o gl layles gl cwdige

Ceoglio (p yiion 3Yg8 0595 0L pw «ylusS Loyl 1l )0 5 35, o0 YU ddiged Cuoglae Leo iol38l b o Yg3es den o ols


http://dx.doi.org/10.22034/JEG.2023.16.4.1014049
https://ndea10.khu.ac.ir/jeg/article-1-3088-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014049 ]

S (SSG 5 Sl et 53 e G q0

DoiS Condi st 4 yorliss 5 lSlie 5l eoliul el (Zhang et al., 2014,) iS5 o sbmyl I has g (o,lid
oy SB35 perliss 5 Sl slo 5 45 ols (Lt ool Consy s isgad sl ) oo Glasl jo e S
Sy S5 5)lad Cuglie WS (oo S5 STy slayliSln ) S5 Gl SIS a4 a5 adl, LSS eh
L Ceoglio yiolpsl ax ST .ol odnl cavss Lalls o, S diged 5 i (Ld eudig5s b ool conis S sladiges
69y 2 |y emogs 56 (Cimen et al,, 2015) wil oo ogmame Sl 5, YA BV 51 6)sl e by oo ol
Gl 00ld Lis o] Cewas bl Woged aslllas ol ) (g5lwg, oy ;o 0,5 Cpz w, S (SaSS655 Oleogas
S g)lad Caaglie (islosT slagsesl Sl abis 5l ey S )l (Ul e Ll uragy doyd Yo 08
ol 0ols 2ol 1) oy S 85T 8565 lie g e e 9 Sl 00l (CBR) Ls,alS (6 )b o 5 (5590
S 5332 § o3 DS 95008 LB slo Joloa b ool CodS 0isd o 50yl ol S5 18, (Miao et al., 2017)
S 5 llE Jsloee b byl clatigas o (6 pmas ailid aizdly o oyliyl aisged axlllas |, SlaiisT 2uSL 5 pmslsy
0391y fopelS 9S00 &y Cd oy Sy o (ST il Grizmen e 1alS Dl 4y Slasss]
5 oy S bale 0,15 el (Albayrak and Gencer, 2021) .ol o (2olS byl sladises 10 p,55 doys g
D30l 18 sy 050 (LAN Fill) Al 85 Jore j0 5 aubdsas a¥ o )18 lsicds jody sy oole G olyad &y 1) ooy
b eomizen wlioo G101 () SB alaiodly Sools erhigh osle plie Gl BI L sly plas plial Sldllae s
Y S oy ool Gl jorlysts olrem & ) 5 ey bsls 9 )l5 08l 50 (580358 (5ai] @l 4 4z g
2 9) oo 3 ol ek 4 yere Kiw ,09 3G (Cadir and Vekli, 2022) .l oo w213 1, a1 sl pdLdes
eesy o3 2y 10 (59938 ol (Las laal Slisdon wiols 13 aslllae 990 05 o) S (SS9 Sleogas s,
e Gpbe S CatS S (VT Y ol g i) ams oo GBI o5 o) S s plp QU 70 pe S p39 &
il 2Bl 33 (Laal g ooliiul ouisS JUd (g 4y oylie 9 Sedis 9 b gl porl 055 (b9, 5l 25 0
(S ro 55 At Sladigas )3 oS (5 jskar )10 iy oy SIS oglie Slasiin ol 53 camlin 3B (gnail s yocky o35
Oyge Slalllae 950 b adloo (Al jow ()le diged Rl Vg WY ol 5 4 ladiged ()LaS Cungliie (o)l 5 (Sds3)
oolaul b o9 ) lagy | sidu Ml sla iy, g (sosiuws H5d Sl S pgas )5  Suil Slidms 04 co canlive 48,5
Sl 5 238, oo Cgmaime y3d SST 53> Bures 51, s GlaS1S Al 4y s ol asdly plovl (e st 3, )
e ey o0 S5 41 (65500 (gan il ) p3Y Sligied plml I il s ssmline )] o e 5 Cuaglie
7 Ol 5 ais anlllas 550 ailaie ;3 Kbl ) (8 gte &5 (s i 05l 00liS St Slge 3525
S ysboles nlply wibioe )093 (25 212l g (B Sl Sl s jo g S )l las Gal ool
s 55l Al gy S (SaSS e85 Slaogas (55, 3 sy (S Slge 0 aglin ;b ENE SR RC PRV e

Dgds oo &S o 7yl as delol jo a8 Al e 5 b ddlate


http://dx.doi.org/10.22034/JEG.2023.16.4.1014049
https://ndea10.khu.ac.ir/jeg/article-1-3088-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014049 ]

Q1 VEe am;?é)mgvﬁayu&‘wx@wuqufﬂ

b9y 9 9lge

law g 0o
dilate cosdu yod aildy ) S ot Sl )y ol G 5l Bom wys 5 oLl ] 4y alidS isu ,0 4aS jghilea
FB IS )0 anlllae 590 llas pslal ablioe Ggamlin pod 55 (B9 S8 a1 uaogy 1 ool b s 2o
G0 paigad Jore CoxBae g ol ool dugd 3 5 0l Lle ddlate l aslas 8 50 cosdis jod S diged .l canlive
S35 g 039 Sezge oloul,dT dilaie 45 (lsld Oygan g ol SlaaasT Lice a5 Laegy Canl o ail] (V) s o
a7 ool oS ezl e S A VO G laugie (pgams (g 5 009 Sl 990 S8l g 055
355k ke & Blo S b s i agy S5 el 168 ] pgatie (55 wBl 4S5ty Al ey
Jo e 0 Guregs D)3 g Dlahad [0 O le 4 g jgue 055 3 Ll wles o 03 Ol oy ol (Gouu]
5 ol O-DID ogo (oledo ) agy (o ilo o (B ysled O (g9, (gobs Do Az 0 ablge 395 LB e
53 Gy 55 o 5 il a0 V8 b pols &l alKin 0 g 08¢ o 5 cile az )0 VYFY T lagie ©gd alais
Ygore &)l pligdl abs wleico SLl & £9,% o gy lared )l 4253 (al 3 98 cas Jol> o o
2l 50 e BS e CoB ey I 0,5 e plil 05 il 4z £ U FA o S hn slasjgm st o
3,50 S ganails (imie dgei saaliv lgi oo (N gaz 10 1) Guresy stleosd Sloogas 055 oo )18 bogm i3]
Ll 00 L1 (V) JSKS 40 5 0000,5 cpuxs ASTM D422 3 ASTM D421 slas laibiw] yulul 5 progs g dnlllas
3y50 SB g pad Sloogas ablce (ML) &Y g5 5 anlllas 5,50 S dacSl amie gotaib siapw b illas
& 550310l ASTM D854 o jlasbiwsl ool b yrags g o] o35 J&=> 9 ASTM D4318-95a o lailis! 5ubo anlllas

Pl G adllhe 3)500 Y S 6)9d 5 (et Gl el oad &l (Mgax 0 o @b 5 weS
bl 1 0503 samline g3 o (V) Jgoz | odal s ol § w3, (5,505l (SAR=Sodium absorption ratio)
anlllas 390 las 5, 2 XRD Liolesl izad il oo yod g (cosdus 00l dgs Y ailoyy, S oo o Ll sl
5 powinagll polic jga> g ;0 g 039 i jaie gl Y S am o (lis sdel Cawds gl .l a8 5 plox]
Lol azg5 BB (AlSIOs) poingd] Sl oS 5 g Sl ook

92— s g 9 oY S il pols gaios s oslitul 8,90 pdlas pglas ) JSS
Fig. 1. Pictures of materials used in present research, a-Saline sodium silty soil, b-Pumice.
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Fig. 2. Picture of the location of the prepared sodium salt silty soil sample.
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Fig. 3. Particle size distribution curves of materials in present research.
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Table 1. Chemical properties of pumice.
Combination percent .
- Material
K20 P20s Na20 MgO Ca0 Fe203 Al203 SiO2
3.27 1.79 4.63 9.58 8.43 8.07 12/49 48.37 Pumice

Anllae )50 wlas (SSGg55 sla Sy ¥V Jgax
Table 2. Geotechnical properties of materials.

Materials Pl Gs
Silt 7 2.71
Pumice - 2.02
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Table 3. Results of SAR test on saline silty soil in present research.

Electrical Saturated Sodium
Soil conductivity | mud reaction absorption Soluble cations (meg/l)
type (Ec.10%) (PH) ratio(SAR)
Dsm/m
Mg** Ca** Na*
silt 6.7 8.06 21.38 5 8 54.5
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Table 4. The program of tests performed on the samples studied in present research.
Tests Geopolymer Material Program
(%)
Direct Uniaxial Pumice Soil Sample
Consolidation compressive | Compaction 2,57 . P No
shear (%) matrix Name
strength
N N . . * . Saline S-0PU 1
soil
* * * * * 3 Saline | g 3oy | 2
soil
Saline
* * * * * 5 . S'SPU 3
soil
N N N . . 7 Sall_ne S-7PU 4
soil
S g s
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Fig. 4. The effect of the combination of pumice and Ca(OH): on the results of the compaction test, a-
maximum dry density, b-optimum water content.
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Fig. 5. The effect of the chemical combination of 3% pumice with 2% Ca(OH); on the results of the
compaction test on saline silty soil.
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Fig. 7. The effect of the chemical combination of 3% pumice with 2% calcium hydroxide on the results of the
uniaxial compressive strength test on saline silty soil.
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Fig. 8. The effect of the combination of pumice and Ca(OH)- on the direct shear test results of the studied
specimens, a- cohesion, b- internal friction.
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Fig. 10. The effect of the combination of pumice and Ca(OH), on the void ratios of the studied specimens, a-
2% Ca(OH)z, b-5% Ca(OH)a, ¢c-7% Ca(OH),.
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Fig. 11. The effect of pumice on the consolidation test results of the studied specimens, a- free swelling, b-
compression index, c- coefficient of volume variation.
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Fig. 12. Petrographic images of the effect of pumice with Ca(OH); on the studied saline sodium silty soil, a-
unimproved soil, b- improved soil with 3% pumice and 2% Ca(OH)..
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Fig.13. The effect of the optimum mixture of 3% pumice and 2% calcium hydroxide on the fabric and
skeleton of saline sodium silty soil, a-minimum void ratio, b- internal friction angle, uniaxial compressive

strength.
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Abstract

Silty soils containing sodium content, known as salty silty soils, are classified as another type of
problematic soil. When this type of soil comes into contact with water, it can swell and diverge,
leading to settlement and deformation. Considering that a significant part of the Urmia Lake basin
and the Tabriz plain consists of sodium-rich fine soils, the aim of the project is to improve the
quality of the soils. Therefore, one of the main objectives of this study is to assess the sediments
within the lake bed in order to reduce erosion and to evaluate the possibility of improving and
stabilizing the sodium saline silty soils in the area using the geopolymerization technique. To
achieve this, pumice material with pozzolanic properties was separately mixed with the soil under
investigation at weight percentages of 3%, 5% and 7%, together with a calcium hydroxide
solution as a catalyst at concentrations of 2%, 5% and 7%. The samples were then cured for one
day. Laboratory tests, including compaction, uniaxial compressive strength, direct shear, and
consolidation, were carried out to evaluate the geotechnical behavior of the improved soil. The
results obtained indicate that the combination of 3% pumice with 2% calcium hydroxide
increased the uniaxial compressive strength of the stabilized sample by 1.32 times after one day
of curing. In addition, the mixture of 7% pumice with 2% calcium hydroxide significantly
improved the internal friction angle by 20 times. Finally, the combination of 7% pumice with 2%
calcium hydroxide reduced the value of free swelling potential by up to 86%.

Keywords: Fine soil, Silt, Saline, Sodium, Pumice, Improvement.

Introduction
Over the past two decades, due to mismanagement of water resources and a decrease in rainfall, Lake
Urmia in northwestern Iran has been at risk of drying up, with reports suggesting that only 20% of
the lake's total volume contains water and much of the lake's surface area (hearly 85% and about 5000
square kilometres) has dried up. Due to the high salinity of the water in this lake, the remaining soil
is salty and subject to severe wind erosion due to the high wind speeds in the area. This erosion causes
the movement of sediment particles and the production of fine dust in the region, leading to the loss
of vegetation in the area and desertification, and has affected the economy of the inhabitants of the
region On the other hand, the saline soils resulting from this erosion can cause many problems for
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construction projects. Settlement and swelling are among the critical issues in such soils. Due to the
rapid development of cities and the construction of a network of roads and highways between cities,
engineers are forced to build important projects on such soils. When these soils are placed in the
vicinity of water or when water flows through the cracks in the soil, the clay particles become
suspended in the water and erode. The exchangeable sodium ion is the main cause of dispersiveness
in fine silty or clayey soils. In other words, divergence is a physico-chemical phenomenon whereby
fine clay particles in the vicinity of water lose their cohesion and repel each other in the presence of
water. Considering that saline clay soils cover a large part of Iran and the Lake Urmia basin, the
present study aimed to evaluate the sediments of the lake bed to prevent their erosion and the
possibility of improving sodium saline fine soil in the area of Tabriz Plain and the mentioned basin
by applying pumice in the geopolymerization process.

Materials and Methods
As mentioned in the previous section, the aim of the current research is to evaluate the possibility of
improving the sodium saline fine soil of the Tabriz plain by the use of pumice materials and the
application of the depolymerization method. Sodic fine soil was prepared from the Mayan region of
Tabriz. Pumice, which is of volcanic origin and abundant in the Azerbaijan region, was obtained from
mines near Tabriz. The particle size distribution of the materials was determined according to ASTM
D421 and ASTM D422. Based on the Unified Soil Classification System, the sodium saline fine soil
is ML. ASTM D4318-95a and ASTM D854 were used to determine the plasticity index (PI) and
specific gravity (Gs) of the materials. On the other hand, calcium hydroxide solution Ca (OH)2, mixed
at 74 grams per liter of water, is used as a catalyst to accelerate the chemical reaction between the
added materials and the studied silty soil, taking into account its chemical properties. The amount of
catalyst solution was estimated by trial and error, and 2%, 5% and 7% by weight were considered for
the samples studied. As mentioned in the previous sections, it has been observed that pumice has not
yet been used with the depolymerization method to improve the geotechnical properties of the
sodium-saline silty soils of the Tabriz Plain. Therefore, in order to make a proper comparison between
the results that will be obtained from the tests, the amounts of pumice have been mixed with the
studied soil at the rate of 3%, 5% and 7% by weight, respectively. The ASTM C305 standard was
used to prepare uniform and homogeneous mixture samples for the evaluation of geotechnical
parameters. For this purpose, calcium hydroxide was first added to the studied soil together with water
(according to the optimum water content). The materials were then mixed in a mixer to ensure proper
cohesion between the added materials and the soil. According to the standard, mixing is stopped for
30 seconds to allow the materials to absorb moisture together with the calcium hydroxide. Pumice
stone was then slowly added to the mixed sample. The samples were mixed for 30 seconds at low
speed, 15 seconds at high speed and 60 seconds at medium speed. As the calcium hydroxide solution
was used as a reaction accelerator in the preparation of the samples, after mixing the samples were
stored in a closed plastic container at ambient temperature for one day until the curing process was
complete. The compaction test according to ASTM D698 was first carried out to achieve the research
objectives. Next, some tests, such as the UCS test according to ASTM D2166 and the direct shear
test according to ASTM D3080, were carried out to determine the geotechnical properties of the
improved sodium-saline silty soil. Finally, the consolidation test according to ASTM D2435 was
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carried out to evaluate the effect of the effect of added materials on the amount of consolidation
settlement and the swelling potential of the improved sodium saline silty soil.

Results and Discussion
The main results of the study can be summarized as follows:
1- The UCS of the stabilized soil with the composition of 3% pumice in the sample studied, together
with 2% Ca (OH),, was 1.32 times.
2- The addition of the combination of 7% pumice with 2% Ca (OH), increased the angle of internal
friction by 20 times.
3- The swelling in the stabilized soil with the combination of 7% pumice and 7% Ca (OH) in the
sample reduced the swelling by 86%.

Conclusions

Therefore, the geotechnical properties of the stabilized soil after one day of curing were improved by
the addition of pumice to the sodium saline silty soil together with Ca (Ca (OH).). However, various
factors such as longer curing times, disturbance of the soil during the preparation of the samples in
the laboratory and sampling in the field, the pH level of the saline soil, and the thawing and freezing
conditions may affect the results obtained in the present research. These factors will be investigated
in the future.
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