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Investigating the effect of Gorgan Bay’s sludge ash on the mechanical parameters of
Gorgan loess soil at different moisture content and the same compaction energy

V. Pesarakloo ', S.H. Lajevardi ', H. MolaAbasi ", S.M. Mirhoseini "

y- PhD Candidate, Faculty of Civil Engineering, Arak Branch Islamic Azad University, Arak, Iran.
v- Associate Prof., Faculty of Civil Engineering, Arak Branch Islamic Azad University, Arak, Iran.
v- Assistant Prof., Faculty of Minoodasht Engineering, Gonbad Kavous University, Gonbad Kavous, Iran;

Invited Assistant Professor, Faculty of Civil Engineering, Arak Branch Islamic Azad University, Arak, Iran.
f- Assistant Prof., Faculty of Civil Engineering, Arak Branch Islamic Azad University, Arak, Iran.

Abstract:

The objective of this study is to examine the mechanical properties of Gorgan loess enhanced with sludge pond
ash (SPA) from Gorgan Gulf under different conditions. To achieve this, different proportions of SPA were mixed
with the loess to obtain accurate findings on the efficacy of SPA addition on the unconfined compressive strength
(UCS), cohesion (C), friction angle (f) compression (Cc) and recompression (Cs) index of the loess. Firstly, the sludge
from a pond burned at Y+ + + °C which was the optimal temperature determined by X-ray fluorescence analysis (XRF)
was added to the mixture as +, Y, ¥, 7, A and )+ 7 of the soil's dry weight, respectively. The studied samples were
prepared with the same energy (equivalent to the standard Proctor test) at different moisture contents ()7, YA,8, ¥,
Y¥,0,and Y77%) and were tested in unconfined compressive strength, direct shear and consolidation devices at ¢7 days
of curing in humid room with temperature Y¥°C. It was found that adding SPA to the base soil increase the maximum
strength measured in unconfined compressive strength which is define as unconfined compressive strength (UCS).
On the other hand, it decreased with increasing moisture content. The addition of SPA as an additive material to the
loess mixture was found to exert a significant effect on the shear strength properties (C and f) of the loess. The changes
in moisture percentage for this test were not specific due to soil saturation and consolidation and did not have a great
effect on the increase of shear strength parameters with the increase of SPA. Examining the graphs of the consolidation
test shows that the addition of Y7 of SPA to the loess caused a noticeable decrease in the amount of Cc of the sample
under the test after processing. Increasing the amount of SPA up to )+ 7 caused a further decrease in the Cc value of
the samples. This.trend is also noticeable for the re-compression index, which showed a greater intensity with the
increase in the amount of SPA. Accordingly, adding SPA to the soil caused a sharp decrease in Cs in the samples
compared to the base soil. At.the end, the results of macro -scale analyses collectively confirm the superior efficacy
of the SPA replacement in enhancing various strength and stiffness properties of the loess.

Keywords: Loess stabilization, Gorgan Gulf’s sludge ash, Unconfined compressive strength, Shear strength,
Consolidation properties.



o S 4y paye slo 0938l )0 )5 a8ll s 5l asdls ) e

C)Lu > 6’55)'” ools (é>fc) Y
b lediged (Souw (il PR oo 5 55>
STV AT
6)Led Cuoglia (2ol
Yo cladiged s jgame o [T e vyt
©39)
b e b ialyil
u?ﬂ). 5,6 u“‘)-" oS 5 55
$sldes Gloj o Liyalls Olomws [f] XY

039, V¥

Olows i 28

- Sal s o | B ) Sen
ol 4y o 90 RULCV PRy

5 Sl Kiw a5 el (ol CO2 ol el g odgs bYs

S B o 5 1YL L sled 50 b ISl pgaias]]
(CasSiOs) cull ggo90 ol ool Jalge 51 (Ko o9 JuSis
ulw 4.;.]5‘ wjl&& g_gl‘a‘ ‘_ng)jjlﬁ )‘ 9 (.':""\M ools &S) aS Coul
ol F il az 010+ b ol ,SS LSis avg (0 g
s 3 esronl 5 I el ol s slos S & ) >
)'| 6)‘°)95ﬁ Co—2 as 6')‘9“’ 9 Ry slron S el g9y p
Wil j daorecn ; O 5o Sll 508 Gl o3Y S
slagyb ;0 45 (ng @las jl (o 09 oo bl Gy 5l
SS90 00le 3l eolainl 018 o 1,8 colatils g (o3lugs
g 30 Slegws 5 Slgs; 2 S wdgi ol Dlig, (2
09 JMCOQ B1C 20 T W S VI RGIE IR I F JoE
Sl st (sles 51 72aS s 5 a3 Loy Slog 20 U
o) S b o 3l ol B g5 e sl
FeuS ol s jsams zals |, CO2 sho, vl e

doddo — )
gyl 3l (S (o SB pg—at 5 (D)8 slosS>
5P o il ogzg &5 o s (5SsS
JR|OWUUVIFRN KNS COIPIEN VO L g SO W IV OE 5 IPPNGA S 21608

2 nglgdl‘

sl ooy (5155 Ghssile 5 Ll Sl e s g Ol sl
o5 o0t S ol o Ll sl el cusb, Lab ol i
sladize By 5 ool 4 (gax Shlus paalsly (] axs
4 Olgise wiged sl )T (g3l g prani gz CiSin
S 585l ¢ 5Se (sl ylaisles 05l ayi03,lg (gloopus]
ool sloy S g olSog,8 wily (g5lmg) el S5 o980
cusls o, S oyl s, 5
05598 GBS L BLs )l o (g5l il cailiulie
Ot & ilais oo o9, a5 Cessl s 5 (slal> o 4 5920
Ol s 59,8 dlamiil ezl g ool plais eSS )
wagk, JAST Gsr 2oty 6B Liglge ) LSl

Cosglls 5l eolaiwl b o ot Coi il S G..,).il:,»
ATNN GiblS Baes g Baetdoss 00,8

31 S (bt S oulio il (oS UsS sl hg) s
oS ol ol S oSl (slaoged (5 3% 9 e
5o 0olaiuls g0 odee ¢ Juol slroaiS i ol > o o]
Loy wilin Sl 5 Sol ((SS0555 sla )8 5 5l
slaodls (1) Jguzr )3 el K08 (S09380 0lge b Lagy] 5l (oglove
5 Sl 5 plogs il ookl b 5o Geioms @S (2 et 5|
ol o &) o S s

8 P90 Ay 3 ey (Sogll e 5l lew 0y
oo oSl g Gloaw adgi 0)ls )18 ez yo Caio i
s Ll s odgi wlbs (3ol 5 6551 0k 5 polie G ya
do,8 A 0 390> a5 <l (CO2) (S anSTss slalxls 18
B2 oo JSii 1) gmio codled 5l 5U ead a,JyCOz Js
33500 35 CO2 S5k A+ o o 50 el ol
5 ool anlyd o ol ao o £ aiiadel 5 jlade pl 5las
s gl i 3 535 e ol oo T s

M - L3


https://fa.wikipedia.org/wiki/%DA%A9%D9%84%DB%8C%D9%86%DA%A9%D8%B1
https://fa.wikipedia.org/wiki/%D8%B3%D9%84%D8%B3%DB%8C%D9%88%D8%B3

wamb e 5 g5l 0pd b Lyl 5o La 1,5 o) el
o S pis omized (CO2) o Sar—uSlss 515 Ll
2S5 seaillag, (g)lre g o (350 L OYE )5 Sl
loossm coles o G155 ol LialS gl el il s
Baos by jo Wb glazlu mllas Cais aax 5l solaidl
Wiles Jos oas o Lal Sloal

Sladg Grizres (B S s 0 (S gleaiind 05,
Y o Cl o Loy ol ez crge ol (093850,
3 Cesina sl g ) 4Tl atman dai)
sloos S ol 11, 5ol 4z adhs S sl il Sl
5| oocme oalinl b 5 x5 (gl comlio by, (28l gz calite
Sl 00,5 Ll 095 @ 0lge oyl

slopad pz> alS S esliiuls g0 slaghs) 5l (S
Ol sblie 5l el Lol ailioms (8,5 mals 1 25
lae plprsaroslit Wl BlE 2 oSe oy s ol (ol
to g I slmoau¥T o eyl aSb wer ol glessl

J= as pladl ol ol 55 sgame e 0 Jhue slosasY]
S Uy ) b 5Ll 51 86 ey i
IS
S5 ol nsipe Jalis glallad bgane 4 (1) S 55
OFS Hm OB S s acl oall o)Ll sudia s Sligewy g
Wy (SrD eI 5 Gor0hm Al &S Sl S by m
55 )55 by (B0 wgr o dle o s JoLo
sl g0 yingh S Foe sgu> (55 mds oy sl 0uds
S G5 b St el oseS Ol5 S el
sy so o ¥ 090 Lansgio johay g yo ¥ ay ol Bas Sl
03538 Ol as ayool5a] i oo g b 3,5 4 08 5
by IS g 5 gy JUKT (Al B slasa] 2355 o
S L 5l Gleplws 5 lsel lai (Sealinsgyone Jolse
@ ol Coanl g ;00 5l ook 5 slaileog; Cguy 050 9 Bk
5 sl slagas, ol 05,5 ez il a8l I pels

ool olgie 4 (('SPA) 55 s Sy dileas 5l Jol>
20,5 oolatuwl (yud Sy S0g38l as

@ by Ol g Oldllae g5 o ad> & jg0ay
sbSE  Jog38l olge plw ol er 4y o WS 5l oola il
2,5 4oz (V) Jgoz jo ly aloy,
o938l plo 5 o2 S L oadiints S Slasin 1 Y Jgor

oslo g5
e e ol S e
%9
OMC (+) , MDD
ook o o5 | (), UCSandSTS | . 1oL
[,ff 2o up to PA=Y+7 ’ i f“’ o S
TN 1), LWFM @), | o s
SF (),
JesS g Lyss | MDD (), OMC | - Dty o, | o oSS
] (+),CBRupto ‘
(V) PA=Y:7 (+) ©5 Gy Oloww g
; o s>
besS 959, N ‘ .
[\v] ‘(Y.\c\) qu( ) er o) 'OMGLWJG
W]
5% | oMC (+), MDD
ol Se (1), UCS up to oesils o S
[\¥] (Y1) PA=Y.7. (+)
.z LL (_)7 Pl (_)l . . .
oL (+), CBR up to T Alalsy
D (y.v) PA=Y .7 (+), Mr ©S G oains s
(+)
. N
9 59 sl o xS
oea | CBR(+), Mr (+) . b oasboglie
Del (v.vy) e Sal o Ul
‘ 5 b
58 | OMC (+), MDD | __is 1 .
RULONY (-), UCSupto I o xS
DA qv.vpy | (F)PAS)Z S S

gy Zagh, a0 ,0) OMC (((—2alS $ig,)- (il 38l 2ig rcslooly
(0aits yguame (5,Lid Canglie) UCS i pgase (39 aien) MDD
9>) LL (6 ,adl8 (6 5,b < b5) CBR o(yosispudgs (itsS canglin) STS
Jsse) M (ol sl 2ty l) QU (s mes a3 —2) P (s,

(S5 125,5) SF g (S 00iS 5y llae) LWFM ( Soigs

JL 05 st Sy il 1 ol 2SS jle sloms s 4 1)
338 oo 03l (SPA) 3L b oYU Wlay 2S5 0515 51 slazst|



PRUsS Do 5l Gy nlpln 00,8 e g Jom g pslae
5 S gl 4 boasee ((Seslinsg s slagl > salaulgas
Sllos (nl )85 il 5 005 Sl L‘-’r‘“ (o, el
4 (e s 3ol G ey Je> 9 65l g walss
D5 22lys alsjos—u; Jore o )3 5 s SR ne)

o2 OBy ol 2Ol iz & (i pas aaz gl cal e
selys adlaie )0 o S5 ) 595 s g 99 WBl5SS omlie (o),
o Ll i (gla ISLts g, ,0 outal) sla el 51 Sy
Lol gy il ol ol Gailises (55 @ls slacgas o0

D so By 5 glakade LB px> rals

QY 5l S sl
1 *

JS) cnsloas arslil o8 5 s o 5 aile 5 glals IS
JE! gl JUIS 30 iy o g, ceilil ol (Gl V)
@1 (a5 ales g0 5 2l a0 5 TS 09ys Wl o O
W3 5090 o IS g Jdor islond 55 s
o 5 S0 & e a3 5l e LlE 5 (55 mds 3es
(9 & e V) SOl adly als y
2085 el @ljos) 5 oslaer Jodne 1585
b (G 50 b oS Cl g 8L e (sl (saleg
oL e sloan o daogy Jom 56 pslaez 00,5 alss
gy ol b s as e s 4 ccils sales o jo

oo 5 So33 slalools as o 2lyd Jo 5165sleer ) o b

ST

-

Ao ol o Badod odgue ) i



0303l el sog ) 9 oolaiwls g0 gllan (8 p2o Y

5 ltised W) wedliislsjgo pllas (Byme & 50 (a5
e By 00t jguae (6 )Lid Cuoglie (slagygel ploxl o9
RO PRVIPTES EYTIIK 5

oolaiw! 0590 gdlao g dlgo Wluoguas —V-Y
oS e

ey 3l aS oo g5 5l Gieg (nl )0 (e 0y90 S

Gonails s gl (@I Y) JSB) wo 5 ays 85 0
Sogy I PTASTM DYYY o jlasbal (bl e ,lass g0 S
S S35 S0y Hudd Sy 45 Ojg0 pl 4 ol ookl

aloc o b galoy ) gadgl jase a5 g Vee Sl 3los,S joue

Las LY. U gy, St S a5 000 ol o] o
Bl SalS suiiz 15 ST a8 Slo b ou ax
Sae ay ailse )8 0 Ve S caibegloas S aalsl o 050 )8

s UT r”s.. N

AT Al ()9 (w9 Sl VYV e glos jo g el VY
AY 51 G 4T Sl o] 5l Sl asls S yee;l 5l al ol
3l deols giomin iwl 00,5 jee Voo SIS Gl)S ais s
ol ool )| (F) S )0 (6 y0g,0um g (gomails yge3l
ol p ks S 5y 2 Sl ssus lagsesl izpen
5 Sl ol s a8 w5 plsl T ASTM DY Y A & st
ol Golal el oo )3 FIV 6 pes as Ly Y g, o
gy aar gl sl S gunail gl ol 5l esslo sy
LYy, "TASTM DYYAY & sl il b st
ELMCLML) o &l
3 il (laol A gy 8kl 555579 0515 (905
o S diges oSy dmmie Jga> cg> TTASTM D7 A
oy S (pguate (359 jlMe 5 dngy Sasb) o) (sl
W15 03e3l @l iy plal sl s soliiuls g0 SIS
oy g oawnallyl (F) IS )0 sadbplosil (ud) 0 S o lastl
VEIVY ] St anion o515 lade g amo,0 VA digs Cogh,

S OEF Gl (2f 5 9 (P RS (29 ]

St 50995 3lasgiilas conslin Logas a5 ol o (slaa |
Cyps ot s S £55 ol 63, Ly el 3 b
Bl G Gy Gregh cnl e crlple (@) JS) 025y
GBS s o Gloos—; Pl eaibla puS
S Saglie sl yiel)l al3dl Cg (Sg38 ool S plgeas
5 Ologmw udii 509531 Blge 3l eolaiwl .l oud oolaiwl ]
2l 5 gy 45 Eal npbs ilie sl a3 s o Sa
5 Obej «s5pl B r—o vl (INg—aze (nl adgs wnlb (yolae
ol aemac sy (S35l sl T e g (Gl 5500
slosliiwl 4y 5bs aSenl ed dags) (nl 65 bl e
aalys 2alS ) Jomame adg gadgl oole Glyices (oanl il
daai i ol 3l el Sogll 5 Ty olge 5Ll 5l ol
bl oiesi Gl ol S 5y5l walys Jesay 65T ol
g, by SPA L oo sicants ) S by eglie LS,
bl @) g5lely 5o o0y 9,15 a5 (o slaaY (55l
6,18 Canglie (slayge;l 5Ll jo .l wolo (bl s
LSPA 5 S Lsls (555 0558 5 rfiians (b2 0 guae
2,3 5 (G3lwol) ;3 52,18 aazsily (LS (ST 655
Iy 55 Olee (IS O ygmods .ol ous oolaiwl Gglaie slacusgh,
Aios SPA (s Seslanul b bl )| 53 3455 5915 olgscas

Cew!

Sl G953 Slge Sl lsieas SPA (Syes @
ams 40 9 02 55 adg ol a5 b oyl alox
s jlauzs 45 > 0 S Loy Sl palS

bl 4 (09pY slanie el gly Sl Sl e
dlas same colainl 35 5 Jox slranje el
GMJ sbsS> 6)L‘“'€H Slowl 5o éﬁ)lf ‘_gl).g od.‘il‘_;)s‘)é
.Qlf)f aslaie

5 8Lk onis gl 3 Alas I eolaiwl oiw Kl @
Gl 2 S Sl aile SB (g5l slools

Ol g



Glolos jo iaio 0,55 ;0 L g 0ad Sis o] glen yo
‘_g‘).a..\_woda‘)s_w ol)f@;uo)o Voo 5&" N Galise
Az 0 V) e S o0,S SOl o sledadgad aslie—
A oolatwl (@ V) JSK5) 0,65 slos J S 4y jpome o 5 cle

s S

P
P/ e
w7 17
i
ot
w0 4
w7

S o2 S5
ol |y e bigyslanzr Q85 @l (2 (0 V) S5
AS—Q_MJ\ Sl slos s dalllas ol Glaal 51 S 000 oo
5 gamn dlyn g 5] Juol o oo 3 S gumins 5]
Jac ulf)fc..b Jore loaiand 8 ol ol oS o adgs |

)9 J.o.c (& dadigas pﬂf (o ‘Q‘?‘J Q..\.’l)}w 0)95(%: .ooLb:.w\o)y LQL‘Z’U"J (@ w0dl 5 9‘&0 u.J S (Y JS..:
9 AN p) > 3 X



Intensity (cps)

@ awly SVgje sla STy a8 cals sl 4l o Al2O3
oy S Seslie (ol Sgngy ScliaS w20 £ byle o (s
(il (y903] ioie (B) b 50 Lwly cpl 0 095 o
L yo Jloges slaals .ol oo a5l (XRD) oSGl anil 3l
10 39290 C-S-H ol Lo il kg el C-S-H 5 au

30,000
’ Q | cHs

25,000 4 o

20,000 ___A__‘Nh/\!\-\_,q‘ A

15,000

10,000

|
5,000 |t A e

. A DB

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2-Theta
s HY gl S

—al o Sl IF gyle S

S IF el S T S PlIA el S SR gl S

XRD 9051 glis 1 IS8

o A ke o S
o o=
YeaoC dvaoC YaoaaoC e
P+Os oYY oY o F) YF
TiOx Y oA LAY V¥
SiOx FY,0 FY,Y FA,A d4,A0
Ca0 1) Y8 YA AYY
Al+Or VY, Y0 AR \Y,4 ¥,%4
K+O 1A ),4 v F,¥Y
MgO Y,A ¥, e 3,Y0
Cl oYY oY AR o)
NarO ), v ), Y ), Y ),0f
S \,% )Y ),V N
FexOr A,0 q,¥ A, A A
L.O.l YE,AY | VY,ve o F VENY

0.002 0.075 2

(BIHE G0 y0
¢ B W
= (=]
\

10
0 T T .
0.0001 0.001 0.01 0.1 1 10
(50 Lao) ilyd phab o3lud]
o S anails (o Y IS

17.00 -

o
BN
2 |
3 1680 i
o |
5 » N
5 ]
:3 Toeg | & 4 oA B 7 & 3 4 4 5 WG B P § § % 4 F
g /
; B
3\’ N\ (
3 1640
xR
%. 1620
b
16.00
150 170 19.0 21.0 230
Cogh) we)d

aly SB STy mbs F s

oeSel anl Guilis jold (il Jlooa 2 5l olinl L

J9az 30 5 4B, 5 (casyp 050 D3 (Gleard Sliz! «(XRF)
oads ool Lzi (F) Jguz ,o a5 jghilen .cul oo &l,l (Y)
Mg Yoim 9 Oleew sla 28Ty 40 Fige SIS Sl pess (ol
O 5l b ogy 5zl ol F ool a0 800 BV e 5load
7\ 5l ews 5 4 SI02 3 Ca0 Jlaie wl,8 lwas s Ve e b
Veoo slos cplply ool azsly 2oli3l 259 g ZVA au ZFY
plos g ot a3 )5 [l )3 ansge sles plgrs a4 ol 5 Bl az s
&l Sledbl 5585 (wyp b loas ouiljgus Los ()l jo bayzd
Veooo Gloo o pad so iz g diged (5l (V) Jgaz ;o oo
2o,3 VA sg0> Ca0 Jlase a5 Sgu g0 0ddlie ool ,8 Sl ax o
oSt a5 5 gl (sl ST, ol (Sl 5 <
5 S102 5459 Jds 4 pmimen )l |, C-S-H ¥y o



uyo)T R LS‘J" (f) Jj..\} B OMO)LM}‘ Slas i la oo)y'v_;&‘_.»o

LW c\.d)f AW )AM 6)51}05 ULQ) )‘ o=

PEislosT slagygesl —F-¥
ouis jgaxo g Lid Coglic @

ol Bua el (6 9mmean gejl 5l coguatt g9 aS saipll
Ll yho ailrden lid Cov diges (5 ,Lid Canglin Lt yge)]
A8y o 10 a5 Ab i gligSas eeyl (pl jo (6,105 ,L e
SIS et slilay 00,5 slml aiged )0 (555700 (25,5 o0 )
aS Sloj U 5 6,185 )L .aue )8 cblosl 08y (55,05 slade o yane
6olad oy aniis Lol o bl aelsl v 5 1V0 4 cdiged i3 ,S

et 00 yguatte (6,lid Cwglie lgieds diges ay oud Jlesl

VAN
ol 6]‘:5 oj‘.\j‘ LgL:a)...Al)L\ Slasuin J}..\?
ol =Ll
M)é\‘sA‘?sf‘Y“ SPA
YF o YYIO ) AN DF s, as s
039, b7 &5ldes 0l

U‘J)J ‘om)w 6)LMJ CL\.AjLD.a ‘Sﬁlim)La)" U}A)1

YA ,hd) ool guame (5 ,lid Cwglio | &jsods ladiges ol
oot s VF g otlin | 5 ol 03,9300
O e Voo o Vo) s | CJB o bediged o515

00 Hhd) (S g (e e Yo glas )| I$S 95
Grogshoe Yo glis )l g yin e
4>, VF sles ,o oads | s &gl e Ll i
pafio oy @

O Sl a5 Sl plvyges] ez ) e B (903
= Caoglie i (o Glo o (b s 0550 sla el )b
b g ly i gylab g (o5 () @las 45 8 il

55 (Sl dS S 50 1, T SPA faiiSis 5 ey

Oy 005 S el bme Lcagh, Jobs 5l L esls 18 o
o adib @i Bk g oo Yoo Sl 5 S eS SPA
ot oot L Y plgie 4 DT ASTM DYFAY w1,

g ga iy ik (ML) o5

LbMs| = ,b -Y-Y

e o) S Sl iy 3l fstees SPA Jfaoli
5,5 5 50 s 5l dae olos ST 055 e plianits (sla ST 4
SPA o3 slocaS 5 0g dales Fhe SuST pl el
Yo el axng el (Ca0 4 AlO3 SIO2 o)
5 Silwaiges wil 850 oatiatd Sl o sla el )y ples 09t 0
J3oz 0 45 (5 psboplan ol ons Cus o3 (F) Jguzr o lagyses]
e 30,0 Vo g A E F Y v o SPA s s el et (F)
aS 009 o, 3 VP U as,0 V7 5l ladiges Cugb, slaa_o,0
A DY San 5 Sy iy Slalllao b Billas
(e Olool Billas a5 cul S3LLS pioren ool a3 )18
59 07 BOY o SPA (sl ¥ gams (5551 dae ooy e
D] el aiie s y5] e Loyl g LS oo )o ay ai s
slae olos Vs slaicllss plast 3 oliabol (sl ol
Sl 428,518 S 039, OF

Wgni clu hgy —F-¥
celo YF Gt ) b S S0 sloaiges 93 sl

el yo el w Y Gow arg b ools 1,3 8051 slga o
03l yaue ¥ o Loy SUI 5l s g 00l S oS 6l ax o
L (F) Jgum 5o ooy 53 LY o)k ok oud St Sl s
sy K5, a3 5l e leiSs Gliges b o bglse SPA 4 O
Leadsed o515 (5551 45 cl (nl 32 (B Beid nl o ]
35595 0903 S B o ladigas plas ¢l ply el (LSS
JSC5) Wi oST e oadio il yem)] (g5, b allao o st
lod 50 5 0z Syl B cenz b )b (paiz ladiged (SF
Slodises (DY JS3) din 8 (5l ol 5 cl—w az 0 VY



(Jely LeS) o0 jguamo (5 5Lk cosliie

g e -Y

95 2 od—iiygama 5,L 18 Cuaglis slogyges] mls
sl oo &1 (F) S 0 (655 b ead 15T e sladiges
Ay o relS Cogb ) il58I b beaiged plSovwl ¢ ol—wloypl
o Olee 1) aged dne Sasb) 5l S S Cagb; Gl
Cel a5 ol s S (Sl Joilyy 9 S g gl 2
oguzme Y VY o IKan g o Sy 3 Sldlae bl oS
B YA ooga0me o, lusbanl o515 o515l ol age Cogh ) aus o
oeals () U5 o oo nadl)l goll aamgil .ol ao o V)
L w5.|a) UA,.)L.B‘ L 035 yguaste G)L..M.S u.ajl.ru 5O ol sualive
You) Jw o BLb s S asgy (o) S (LS Slallas
Tty OSen 5 4zl o5 jhailen aizea sl Clillas
S Sople 18 iy Cagh, oz 5l S Caeby o cwdsls
Ol Eel aS sg b oo SIS o wled sl s il 8l el
L aS ams oo olids (B) JSi cpioman [ oy 5 o plSx
as u\JL}GA w‘).‘a‘ o..\_.i'..;)5_aa.7ua L;)l_wﬁ wsLD.A SPA w‘)ﬂ‘
Ll Gloww ladign olnl 5 Slepw DY gaxe oy I S
800

aOwW=16%
700 ©OW=18.5% D
ow=21% o
600 | AW=235% S
XW=26% D "0
500 B e S
o i . -9
100 B
o ’_?" i (@r”r 4
300 [T P e
A
200§~ © ISRt —x
--mTA P S
Lt ¥
100 &..--- e =
0
0 2 4 6 8 10 12

SPA (%)

dez ;0 ;3 SPA L oo g3l ol o0is jguame (5,Lid Cooglie £ JSS
Slite glacagh,

Slr 2Bislosl Glaggesl cn il 5l peiias (30 (903!
agly 5 (C) S alomjl oglin slapial)ly cpuwns

O3l ol 2855 0xe 305] nl Sl Ul Jile sle s
(Silwoslw Wiz b g 48 5 0 40 oS- 250 Juo 5l o San
D g0 oolainl LS gl Si5eS Loo lgica

Slcos wels YE JBlas o s badiges g 3luglodl 51 oy I
Bl o g 483 S8 JEliskS Ve e gV e Be Jloy by
2 4B e lee o/ Y ol ey b g il Dy oay
A% Jlesl ladiges

GOy S @

ol Galwgas 03,l5 b ples bl SB- 6 138 L a0
loyi o Jlid Gl o aip0 a8 00,5 oo Jodi (glo i
O Jd a8l s & S o (o0 Ll 55 oo
U o e Ol e il oo (2alS S e glo i
O S Sl b e S (6335585 yelil 4 (6,108 il
Spiapdss 45 wloy, GLasSLs oS (ga] Lagae Sl
53] Gl Sy ce ol i )ls S Ly C i (6 S
oSS 0S5 sl el ()l s o psle—or sl (s,
g ol (Co) (S0 285l 5 (Co) (50,88 il wiile 55

od S (598 Jemily o Sl (6590 4S5 (a5
ol s oyl s ol 433,55 )3 anllas 9,50 i o) 4o
sy Lgle o S L (Sl LS g, 4 SPA a5 el
O ST g B 510 (b9 8 S Sl g
90

ASTM DYFY2 s lstul Lol 5 0w 9031 510
5 43,5 )13 bl aslgial yo Jsdseie Ko Vg0 oy diges [
09 adsad (G3lwgl 5l (g 03,5 0 5 2l 51T 00
Ao Foo oo e e Glag li8,L cow oS s dilyil
a5 5 JS SV e g e logg oyl g VP
Fe X A0 AF YN eI gl o Aol clapms s
20,8 cdlE celo YE B agds LAY



Oy

&5

(ISl obS)

(4 0) 3lo S Kol 439l

45

40 OW=16% o¢W=185% OW=21% AW=23.5% XW=26%

35 g

ore

30 &
25 - —"‘_”EI
20 g
15 5 g
10 8 ’
5
0

0 2 4 6 8 10

(1) oy
alizs sl SPA Sl 5o (Sdis Ol sy A USSS

30

OW=16% ©W=18.5% OW=21% AW=23.5% XW=26%

26
=1
..c7 g
24 . é
22
0 2 4 6 8 10
(1) ) yiunS5

dilizee gla SPA Glil o A3l Sasl dygly ool s 1V - S

SPA Jlage aliblas Edl,s oly o (1) JS—b anzr gl

o gladigai € laie )0 (tal3dl guis) elosz sty o
aS a0 oo leas (Vo) ISi Sbsyl g edmlie bays )8 oo
S yes lis (509 00 it sladiged po F el )l ol i
6l ey Sl pos cpl o bl wssls s og5 511, C el )b
5C (slazal)ly 5o (al38l wig) aliie i3, 05 C el 51 oS
28 Slalid g @ip ugew FSB (Yg5es Slge 0938l L
ool i 55 (W)Sen 5 9ls gl 50 o) S As el
Sl s 5093l L 5 € (gl el prolie (al38 .l onyo,8

Olyss Ay V) la s o .l () S wld J3ls S8l
OMT u.vj.lo) u‘).»...u uoL..u‘)J gsl?“) Sl 445‘)3 ém
Cle Ao A Gl (gt Cagb ) ds o b (Ll STl
e Cogb ;oo o 0 0ud LS slaaisn LSy Cuglio ol
ool sladiges F g C polie &l iy 35 (V9 9) la 5

s o sl | SPA il jolie b

45
OSPA=0% OSPA=2% OSPA=4%
40 ASPA=6% X SPA=8% XSPA=10%
35 g imomanons R K 2zon e X
R IR O N S S
3 0 | e e X X
-
\ RIS L A B A
"y 25 57
:tzo __________ Q - B-mmmm g 0
2 o T DO
Q 15 & & T <
2
10
N p— B R g O
5
0
15.0 17.0 19.0 21.0 23.0 25.0 27.0
Cugh )yt y
lize slacugh; a0 sl o (Sais Sl ¥ S
32
OSPA=0% ©SPA=2% OSPA=1%
ASPA=6% X SPA=8% XSPA=10%
30
-
n
R
3 Koo ammmem Koo L SLIT X
é 28 [ sz mmm ¥ x
] ®--=mTTT X A A
I I i B aiae il - i A
"'l;. 26 a1
P A o BESE P (o g BCAREREE LD R0)
N S U - S P S ks A RRE <
24 A4
Q--------- = R fx [ B---m-e--- 3]
22
150 17.0 19.0 21.0 23.0 25.0 27.0
Cughy duyo

Y

s slacysh, sl o S A3l STSlaol agl; ol peis A JS3



S SPA 6o 0 ¥ (09381 45 amo oo ol JSi ol (a0 1,0 C-8-H (a5 odgs s 4 5,01 Jes 51 oo SPA Jlade o
3o 09031 o iged CC Jlaie 1o ognms (20l o ) Cnl ke SRl s 4y o jlie (2al38l 5 (gl em w3
o a0y Vo laie 5 SPA Jlaie Siali3l .aus,3 (69l e T el gl
Saals s il Ken g axlgs .ol laaiges CC Llade jiin ials Jeoles Jol> a5 glusl asgly lpess (V) IS8 50 yuizren
G ) Ol b oddicasS o5 o) SB o (Soyn8 el el o dl el Glhms clo g a iy STaol 45
Sl o 5 Hlew Jlade ol da ] iegh 4o idged a by by i (ol S ol aygly s o)le
8 (Soymd pals i Ll of Q) e s (i 0gei 50 RS0 5T slagls

‘ +W=16% - W=18.5% -A-W=21.0% -¢& W=23.5% -3-W=26.0% (o)l 2ol Lo i (g lake (o R liti S Jlosl (o2

0.160 b el jaseie (VY) S5 j0 a5 (g shailen .l 0000 5 el
5l olis a5 sl il elasl asgly Jlade SPA 6o o iol58l

i Gl b S8 ol 4 el ladiged saiiSd 5 55 5k,
S clle Shsl 4l oo 5 arin SlSlasl ayl; o2 SPA
ki (o SISl aygly ial33 Sy Jy it o il
aS 0,5 Alol Wb e aul iy Slew cdb 4 oo
SL ol JB3; )3 loaisS rand Sl yally wash) aoy

o SPA L ooy s

4 6
(1) o ynS1s

SPA wojs b (So b asls ol s VY S OW=16% OW=18.5% OW=21% AW=23.5% XW=-26%

‘ —+W=16% % W=18.5% -A-W=21.0% -¢-W=213.5% 3-W=26.0%

0.018
= 2.00 lo]
0.017 g ¥ g
0.016 3.0“0 -
“ ’4; ."
_3 0.015 - % g
3 I3 Pt
2 0014 = L0 -
™y -
43 0013
't 0.50 L7
B R
W 0012 s
-]
0.011 0.00 g
0 2 4 6 8 10
0.010 . s
0 10 (/)QJJ)_..MJb

(1) oy iS5

SPA Gilises polie ply 50 sludl aygly ol s VY IS
SPA wsjo b [ So,a85k asls ol s Y S

Sy g (e slaytell (ol S @S 903l

)L.\.M )‘ G"'l’ G'L"’ u,;‘ ‘59_‘”&5" ‘_g)..fo).g‘; l.m)l_w ot
Log oS, ol Sloj polasi g o slepls Ss> 5 o a5 L
e 1, (CC) (S pid aslo ol ss (V) IS ol
B0 oo olaid 6865 slecash ) ds o lude g SPA Ol s

oot slaaiges (CS) p,95 pasles ol (VF) S5
sanlive B a5 b yles om0 oo ylid |y Cugh, duoys g SPA L
28l zals SPA L so_scws sladiges 0 CS el )b coul

Sl ylis 893 5l (6 i o SPA Jlade (il b el oyl

VY



collapsible loess. I:
investigations. International
geomechanics, Y 4(Y¥), pp.
doi.org/Y +, Y+ 7V/(ASCE)GM. 4 ¥Y-

OFYY, e W \YFY,

Y. Angelova, R.N., Y+ V. Loess-cement long-term
strength-a facilitating factor for loess improvement
applications. Geologica Balcanica, Y7(¥-¥),
pp.Y)-Y¥. doi.org/) +,8YYY/GeolBalc.¥7,Y-¥,Y)
¥. Zhang, C.L., Jiang, G.L., Su, L.J. and Zhou,
G.D., Y+ V. Effect of cement on the stabilization
of loess. Journal of Mountain Science, YY())),
pp,YY‘YA-Yﬁ“?,

doi.org/Y +,¥Y4 +/geotechnicsY+ Y+ + )+,

8. Vakili, A.H., Selamat, M.R. and Moayedi, H.,
Y\Y. Effects of using pozzolan and portland
cement in the treatment of dispersive clay. The
Scientific World Journal, Y+ VY,
doi.org/) «,VY8Q/Y NY/OYYTN O,

7. Boden, T., Marland, G. and Andres, R.J. Y+ A
Global carbon dioxide emissions from fossil fuel
consumption and cement production. Carbon
Dioxide Information Analysis Center (CDIAC),
OKA Ridge National Laboratory, Oak Ridge,
Tennessee.  https://energy.appstate.edu/CDIAC.
doi.org/V+,0)4¥/essd-V V-V FFV-Y LYY,

V. Ke, J., McNeil, M., Price, L., Khanna, N.Z. and
Zhou, N. Y+ ¥, Estimation of COY emissions from
China's cement production: methadologies and
uncertainties. Energy Policy aY: PPAVY_YAY,
doi.org/Y «> Y+ Y7 /j.enpol.Y + 1Y, Y, YA,

A. Amato, 1. Y)Y, Green cement: Concrete
solutions. Nature. ¥4¥ (V¥YV): PP, Y.._Y.),
doi:) ) «YA/FAXY vg PMID Y¥YY#YLV,

1. Aljjani, R. A., and Noorzad, R. Y:)%,
Effectiveness of sludge ash of wood and paper mill

experimental

journal of
FoYdeo?,

as nontraditional additive for clayey soil
treatment. Journal of  Materials in  Civil
Engineering, ¥ () +), Fayavy.,

doi.org/Y +, Y+ 7VY/(ASCE)MT.VA¥Y-08YY, « v+ YAY,
V+. Kumar, A. and Gupta, D., Y+ 7. Behavior of
cement-stabilized fiber-reinforced pond ash, rice
husk  ash-soil  mixtures. Geotextiles  and
Geomembranes, YY(Y), pp.¥77-YV¥,

VY

Sy azii - ¥

S 3L oole 5l el 15U ) s allie ol o
SB 5l idu Sl Gl (55 w5 odal Cwdy oy
Ll 0als azloyy (85 I S SaSSe L8, sguge 0 b
Gy ae alS o 2 i wSB Sal gosle ol 5l eolai
3o aS 03,5 o (med S (il Glagyb )0 ler—
sl Coonl Pl golaiBl gacx jlpe g e Ll
SSIg5 )8, 58 oo Sl oKl Gl ) e
o0ty ame () Ltd Ceaglie o sasl Sl (50,8 ) S
ol Jeols gl aslal jo ol 4385 000 0S8 g palivns (s
33,5 o &l o ygws]

o) gaze (5,138 Cueglie cusby vo s GlBEIL -

b oo ualS diges

3Bl 88, 5oy o o3 Ve B (g8l A5l -
al i suiy, 5 aiges (pl o Jls SKEa ol ayyl; -
395 5o, OF ysldes slagle; ;o (Satnz all &l s
D90 (S M 3l e QT Ol yuets Sl Ll elo ylid
)d B ol et u&‘.{ [ JJ sSl} )Q ‘5:;)5).9‘ OQLQ w.:‘)ﬁ‘ -
O FSB e (U5 sbar il saiges b anglie o -
S0 b arlh sgp it JualS o oS 5 0 55wl
VK
099! B 5335 sz lp o3l (B 5 5y 90w alox
Dg oo Slpiiy owd S 4 SPA
&lw
V. Kalantari, B. Y+ Y. Foundations on collapsible
soils: a review. Proceedings of the Institution of
Civil Engineers-Forensic Engineering, ‘7 7(Y), pp.
OV-7Y, doi.org/) +, ) PA /feng N Y, e 0 0V,
Y. Haeri, S. M., Akbari Garakani, A., Roohparvar,
H. R., Desai, C. S., Seyed Ghafouri, S. M. H., &

Salemi Kouchesfahani, K. Y+«)Y4. Testing and
constitutive  modeling  of  lime-stabilized


http://dx.doi.org/10.1680/feng.12.00016
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001364
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001364
http://dx.doi.org/10.52321/GeolBalc.36.3-4.21
https://doi.org/10.3390/geotechnics3020010
https://doi.org/10.1155/2013/547615
https://energy.appstate.edu/CDIAC
https://doi.org/10.1038%2F494300a
https://doi.org/10.1038%2F494300a
https://fa.wikipedia.org/wiki/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DA%AF%D8%B1_%D8%A7%D8%B4%DB%8C%D8%A7%D8%A1_%D8%AF%DB%8C%D8%AC%DB%8C%D8%AA%D8%A7%D9%84
https://doi.org/10.1038%2F494300a
https://fa.wikipedia.org/wiki/%D9%BE%D8%A7%D8%A8%E2%80%8C%D9%85%D8%AF
https://pubmed.ncbi.nlm.nih.gov/23426307
https://doi.org/10.1061/(ASCE)MT.1943-5533.0002877

YA, ASTM, D Y™ A . Y..0 Standard test
methods for liquid limit, plastic limit, and
plasticity index of soils. doi.org/ Y+,YoY+/D¥Y)A-
YWE .

Y4, ASTM, DYYAVAY, Y.\Y) Standard Practice
for Classification of Soils for Engineering
Purposes (Unified Soil Classification System).
doi.org/ )+, AY «/DYYAV-YY,

Y+«. ASTM, D74A - VY Y.«\Y  Standard test
methods for laboratory compaction characteristics
of soil using standard effort (\ Y,¥ + « ft-Ibf/ft¥ (7 -
KN-m/mY)). doi.org/ )+, &Y +/D+73A-YYRY),

YY. ASTM, DYV?7-«7 Y«.«7 Standard Test
Method for Unconfined Compressive Strength of
Cohesive Soil. doi.org/ Y+, oY+ /DY) 77-+7,

YY. ASTM, DY:A...¥ Y..¥ Standard Test
Method for Direct Shear Test of Soils Under
Consolidated Drained Conditions. doi.org/
Yo, )0Y /DY Ay DY ACM-YY

YY. ASTM, DY¥Ye, ¥..¥ Standard Test Methods
for One-Dimensional Consolidation Properties of
Soils Using Incremental Loading. doi.org/
Y,V 0Y/DYFYO-F,

Y¥. Seng, S. and Tanaka, H., Y+ Y. Properties of
very soft clays: A study of thixotropic hardening
and  behavior under low  consolidation
pressure. Soils and Foundations, 8Y(Y), pp.YYe-
V¥, doi.org/Y +) + V7 /jsandf Y+ VY, 0N, 0 ) e

Yo, Khajeh, A., Chenari, R.J., Payan, M. and
MolaAbasi, H., Y+ YY. Assessing the effect of lime-
zeolite on  geotechnical  properties and
microstructure of reconstituted clay used as a
subgrade soil. Physics and Chemistry of the Earth,
Parts alb/c, YTV, p.) Yoy,
doi.org/) «,V )7/ pce. Y YY) Yoy,

Y7.Babu, J.S., Thimothy, R.S.W., Shantharam, Y,
Arun, M. and Sivakumar, T., Y+«YY, June.
Enhancing the compaction properties of frictional-
cohesive soil by adding the industrial ash products.
In AIP Conference Proceedings (Vol. YVAY, No.
V). AIP Publishing. doi.org/) +,) « 7Y/8,. 188140,

V¥

doi.org/Y+,)+ Y7/j.geotexmem.Y+ V8,4V, V¢,

VY. Gupta, D. and Kumar, A., Y+V. Performance
evaluation of cement-stabilized pond ash-rice husk
ash-clay mixture as a highway construction
material. Journal of Rock Mechanics and
Geotechnical Engineering, (), pp.)ed-171,
doi.org/Y «>) + Y7/l jrmge. Y « V7,40,V o,

VY. Arora, S. and Kumar, A., Y:)%. Bearing
capacity of square footing resting on fibre-
reinforced pond ash overlying soft
clay. International Journal of Geosynthetics and

Ground Engineering, 9, pp.)-) ).
doi.org/) +,) + +V/s¥ AR VALV 00

‘Y. Gupta, D., Kumar, A., Kumar, V.,
Priyadarshee, A. and Sharma, V., Y4,

Performance of pond ash and rice husk ash in clay:
a comparative study. In Recycled Waste Materials:
Proceedings of EGRWSE Y:)A (pp. Y¥a-)oY),
Springer Singapore. doi.org/) +,) « +V/AVA-QGAY -
YFIVOIVIA Y,

V¥. Gupta, G., Sood, H. and Gupta, P., Y+ V-,
Performance evaluation of pavement geomaterials
stabilized with pond ash and brick kiln dust using
advanced cyclic triaxial testing. Materials, Y Y(¥),
p.coY, doi.org/) +, YV /mal Y. Y. 00Y,

Y&, Mogili, S., Mudavath, H. and Gonavaram,
K.K.,, Y«Y) Effect of Stabilization on
Geomechanical Properties of Pond Ash for
Pavement Subbase Application. In Transportation,
Water and  Environmental =~ Geotechnics:
Proceedings of Indian Geotechnical Conference

Y«Y+  Volume ¥ (pp. YVYV-YAY). Springer
Singapore.  doi.org/) +,) « + V/AYA-IAY N 7YY 7l
Y Y,

V7. Pesarakloo, V., Lajevardi, S.H., MolaAbasi, H.
and Mirhosseini, S.M., Y+ Y¥, Potential application
of sludge pond ash as a novel additive for clay
stabilization. Physics and Chemistry of the Earth,
Parts A/B/C, YT, p.):Yory,
doi.org/) +,) +V7/j.pce. Y« YY, ) YOYY,

VY. ASTM, D¥YY, Y+ .V, Standard test method for
particle-size analysis of soils.

doi.org/) +,Y oY +/D7ANY-+ YR AE ),


https://doi.org/10.1016/j.geotexmem.2015.07.010
https://doi.org/10.1016/j.jrmge.2016.05.010
https://doi.org/10.3390/ma13030553
https://doi.org/10.1016/j.pce.2023.103534
https://doi.org/10.1016/j.sandf.2012.02.010
https://doi.org/10.1016/j.pce.2023.103501
https://doi.org/10.1063/5.0155191

