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Table 1. Soil properties
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Table 2. Clay chemical properties (Ghafarpour Jahromi and Yazdi Ravandi, 1398)

Na,O MgO CaO K0 Fe.0s Al,03 SiO, Lo 5
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Table 3. lonic compounds of baggas ash (Ghorbani and Salimzade, 1397)
Na20 MgO Ca0 K20 Fe20s Al03 SiO, [FYOR )
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Table 4. lonic compounds of rice husk ash (Karimi et al., 1396)

NaZO MgO CaO Kzo FEZOg A|203 SIOZ LM_,_SJ;
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Table 5. lonic compounds of almond husk ash (Soriano et al., 2021)
NaZO MgO CaO Kzo Fe203 A|203 SIOZ uél;
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Table 6. Mixing plan of samples

Samples Samples Description
ID Soil (g) Ash (g) %Ash
Original Soil 4000 0 0
R1 4000 160 4%
R2 4000 320 8%
R3 4000 520 12%
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Table 7. Laboratory standards
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Fig. 1. Compaction test results — optimum water content of clay mixed with BGA, optimum water content of
clay mixed with RHA, optimum water content of clay mixed with AHA

(ASTM D2166)s 055 st o

O3338) ool @mls Bl 28,5 plail laogidl 5 ) S bolie 59, 2 o jgame )8 Cueglin oo
ST Cnglie (yiol38l cas S iali8l oes b (5 e SO Caglie i)l x50 AHA g RHA § BGA
Sl 65 ST Canglie lade oy yidon 45 i o (lid 095 ST slaiales] 5l Jols gl 0gh o diges 055
S y7e S5 Caaglin VY g A F sloao o b (ulBl S 0558] ol Caway Lo 305381 559 0,0 VY b ooy zhue S5
3925 45 ol ol o loged cwyp 0 dzgr BB aiSS (Y S ol ili8l L ST ay Cnd 0o j0 VYO 5 AD FY
oaslice BB i S s sl loged cwyp byl cpl ol oo dslllas 850 S S ili8l el WBL o8l
F 00958 g el aidly (g iy ol annsi¥l Jooe (S 4y Bl iin 09581 b a5 s oo olid ol .ol
sleasls a5 cusls [t b ulal (pl 5 sl oals S anc¥l Joow jo il el (S 4 WL as o
359958y odle (S 4y WL o538l a5 cl () K0 S8 BB asS ansl asl, ili8l s S L Cuwglie
Az, 9938 50 Ol 4w F) 5 650 Gle i )S e mSTas Ceglie ol 4S5 cnl ouls el (S Cinglin
S 59938l 1o 1) e SIS (1l il 00g0s bl 50 1) S Koennd pdai 13,8 o0 VY oogame U o Sl iy
@5 @ @l (nl vgei eaalie 93 @ (lgiee 58 T s ¥ GladSs o el atug 2S5 mp aleg LS

R o)Lw‘ S0 6“(5"53)5‘ aQ CJM S L‘;"J)" s.n.ojLD.o )tl_é) ).\.».u OMQULM.J


http://dx.doi.org/10.22034/JEG.2022.16.3.101684
https://jeg.khu.ac.ir/article-1-3086-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.101684 ]

S Bl S sl b &l S o

¥4

250
200 L, -~ -
/ _— - T c—
150 i
~ . -~
©t00 T el
. /‘—‘——_’
50 4”’a
0
0 2 4 6 8 10 12
%E
%ABGA — — %8BGA === o %I12RHA =—===- base

BGA &iglite slodo,o glp 23,5 55 Jloges ¥ S0
Fig. 2. Stress-strain diagram for different components of BGA
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Fig. 3. Stress-strain diagram for different components of RHA
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Table 8. Comparison between uni-axial shear strength results (kPa)

% BGA RHA AHA
0 99 99 99
4 165 132 110
8 186 165 142
12 220 190 181
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w5L¢.A u,u)‘)S‘ » 05)19 s)la..b)ya S )J oS CJ.m.a ‘505).‘” Se=>g as ..\.QQGA QL'“) A LS” I dl-bg_}g“’ ).:d,dé ]
Ol el o (S i 3 S St (6 iy S5 Gl sl srbons S stV Syt 3 5 S o

Se plgre 4 (3938l esle 0929 Wlgi oo ol (nl Sl 09d oo odmlive (o) 2 990 (Sladiges saled )0 e Jloann e

GBS ol 0 sl Gy gull 45 Sges dx g5 15 XSS (ol 4 b b 0o axdllae 3590 S 1S s )0 0aS jguae
Ol sl wls axdlo lo Slgsres izd 5 103 asllas 550 28 Sluol ;o a5 L8 0 a8 T & g0 slaguios mls b


http://dx.doi.org/10.22034/JEG.2022.16.3.101684
https://jeg.khu.ac.ir/article-1-3086-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.101684 ]

S Bl S sl b &l S o AT

=

S B Glise S39 slaso j0 (535381 L ()] (g3l 5 (o) W03, S (SiS555 elys (o sshiiods gy ol
Blie 2 T @l 9 28,5 8 Sl sgam e Glatalel (izeen

Sz axly (59 (Rl g dige Cogb, oli8l Coge juS 1 5l calise polie a5 ols lis o515 Lialesl s -
S dige Cugb, il saslie J0938l wo 0 VY L sl g slodiges gl g diy Casb ) duo o S Tas 0ald aioy
5 02,000 o 0FA ol A plol Atwgy S 5 g Atwgy S S WL S a0 VY L sad mless
8l o l38l (59933 ) S 4y Cad 2o joTA

=5 BB s e a1y (6L Canglio S 4 BGA g AHA g RHA 10458 t0,5500 S5 inlosl ol sllas -
Cooglin pSlas aS (glaigSay anils sosro wig, lized Sl fin gloas s 0938l b o3l ol wols ]33l
WY g lisd cuglic AHA g RHA (BGA 05 )0 VY jga> j0 0l &) (59538l ao 0 VY L oads s slodiges sl p
) S3bosy oy 51 (S s AHA 5 RHA G BGA L oads glos S-S5l i o0 55550 lapalojl gl o azsi L
St Sz SSe R Olgied 5 g S 2l cale sile gy00ly sl s ST 3ged e ((ulel (ol
Oygo 53 50 slacadgacme (oaled elul pr polo Gudod aS 3505 0 LAT L (LG )3 0 p o S (S5 el
@ g 5500 slaiules] g cilie iz b glaSs oS Sgi g0 Sliin F 380 bl 4 Jea> Sy cwl a8 I
JJ)_,.f )‘]-9 oolaiul Sy90 @‘)M 6meul.o)i uayv

&lw

it solid e poznl alre cglanle S SiS5555 Sliogas 55, 5 Sl 5 ol S ST ATAA ol o el

AD-3+ (Y o )lads a3 Al ]

B Ly o0 grlos 5 i p diwgy S g loww 51 ool b (lanls S5 s YAV o o L3gd 00l) aubos g ¢ SL )3
B o)lod paizd 0,68 w)de (lyes (cwiitr (B9 T (sele dlme oo

g ol Sliizg oy (S i gl Sal 5 St (oSl uS1s jloolinl YA o s Gaslow . smlie £ 025
VY1) ) ola Flo,90 )l S5

s slus ollasl (S1 gilage VTFAFS (sl p e Jole

Ol oz 5 (Sl Slasin 23lol 5 () S i 33 ekl 530 (2" YN 5 esigly 695 - cs0 eyl
Ohojlos ¢ Ji5 g Joo dalisinghy Moly jn y

Amelsakhi, M., 2001, Influence of optimized tire shreds on strength of sand-reinforced with tire shreds, In

Partial Fulfillment of the Requirements the Degree of Master of Science, Faculty of Engineering, Isfahan

University of Technology, Isfahan, Iran.

Jamellodin Z, Talib Z, Kolop R, Noor N., 2010, The effect of oil palm fiber on strength behavior of oil”. In:
3rd SANREM Conference, kota kinabalu, Malaysia; 3-5


http://dx.doi.org/10.22034/JEG.2022.16.3.101684
https://jeg.khu.ac.ir/article-1-3086-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.101684 ]

AAERRSTITR i 1004 ‘(,M);L: o pdign il ey 4 00
Of '

Saride, 1. and Dutta T., 2016, Effect of Fly-Ash Stabilization on Stiffness Modulus Degradation of Expansive
Clays, Journal of Materials in Civil Engineering, Volume 28 Issue 12

Seco, A., Ramirez, F., Miqueleiz, L., Garcia B., 2011, Stabilization of expansive soils for use in construction.
Clay Science Volume 51, Issue 3, 348-352

Shrivastava, D., Singhai, A. K., Yadav, R K. 2014, Effect of Lime and Rice Husk Ash on Engineering Properties
of Back Cotton Soil. International journal of engineering research and science & technology Vol. 3, No. 2

Soriano, L., Font, A., Mauro M. Tashima, José Monz0, Maria Victoria Borrachero, Thais Bonifacio, Jordi Paya.
2021, “Almond-shell biomass ash (ABA): A greener alternative to the use of commercial alkaline reagents
in alkali-activated cement”, Construction and Building Materials Volume 290.

Zaika, Y. and Soeharjono, A., 2016, Bagasse Ash (BA) and Additive Materials Treated Expansive Soil,
Electronic Journal of Geotechnical Engineering, (21.20). 7085-7094.


http://dx.doi.org/10.22034/JEG.2022.16.3.101684
https://jeg.khu.ac.ir/article-1-3086-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.101684 ]

Journal of Engineering Geology, Vol. 16, No. 3, Autumn 2022 55

Fine Clay Soil Stabilization using Bagasse Ash and Rice Husk Ash and Almond
Husk Ash

Masoud Amelsakhi*!, Arash Ebrahimi?

1. Assistant Professor, Department of Civil Engineering, Faculty of Engineering, Qom University of
Technology, Qom, Iran
2. M.Sc. in Civil Engineering, Department of Civil Engineering, Faculty of Engineering, Qom University of
Technology, Qom, Iran

Received: 20 Sep 2022 Accepted: 17 Dec 2022

Abstract
This research is a laboratory study to improve the geotechnical properties of fine-grained soils.
For this purpose, agricultural waste ash such as sugarcane bagasse, rice husk and almond husk
have been used. In this regard, the effect of using ash of the mentioned fibers with at 4, 8 and 12
weight percentages on fine grain clay soils has been investigated. The compaction test results
indicate that these additives generally increase the optimum soil moisture and the maximum
optimum moisture was observed for the samples made with 12% ash. Also, based on the results
of the unconfined compressive strength test, the studied additives have increased the uniaxial
strength of the soil. The samples made with 12% ash were the most effective, so that the addition
of 12% bagasse ash increased the soil resistance by 117%, and the addition of 12% rice husk ash
and almond husk ash increased the soil resistance by 89, 80% respectively.
Keywords: Bagasse Ash, Rice Husk Ash, Almond Husk Ash, compaction test, unconfined
compression test.

Introduction
Waste is a source of damage to the environmental; especially to the soils. So it is very important to
find economic and also engineering solution to overcome this critical aspect of environmental
problem. Geotechnical engineering is a useful and effective way to be a solution for this
environmental problem. Many researchers have studied waste material to increase the shear strength
of sands (Amelsakhi, 2001, Seco et al., 2011). Shrivastava et al. used rice husk ash in order to
investigate the effect of this cultural waste material on the shear reinforced clay parameters. They
also studied the settlement of the reinforced clay with rice husk ash. Their laboratory tests showed
that the uniaxial strength of the reinforced clay and also the CBR values increased and the settlement
decreased. These results show that use of this material and also similar materials, has a positive effect
on the reinforced clay with similar materials (Shrivastava et al, 2014). These studies and similar
laboratory studies encourage the authors of this article conduct a comprehensive laboratory tests to
investigate different cultural waste materials that are produced in Iran to reinforce the clay. This
research is based on two important factors; technical and also economic aspects that should be
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considered in civil engineering projects. A very important issue that affects the civil engineering
projects is the environmental factor. Using these cultural waste materials not only strengthens the
clay, but also reduces these economic waste materials in our environment. This aspect of Geo-
Environmental Engineering has been widely considered in all the countries like Iran.

Materials and Methods

Bagasse ash, rice husk ash and almond husk ash are used in this research in order to reinforce the
clay. Different samples with different percentages by weight of these waste cultural materials are used
in laboratory tests. The unconfined shear strength of the reinforced clay with different additions is
compared with the base clay; unreinforced clay. The shear strength was determined by the
Unconfined Shear Strength laboratory test. The unconfined Shear Strength Test is a reliable
laboratory test to investigate the shear strength parameters of clay, so this test is selected in this
research. All the tests are carried out at the optimum water content.

Results and Discussion

This research is a laboratory study to improve the geotechnical properties of fine-grained soils. For
this purpose, agricultural waste ashes such as sugarcane bagasse, rice husk and almond husk have
been used. In this regard, the effect of using ash of the mentioned fibers at of 4, 8 and 12 weight
percentages on fine grain clay soils have been investigated. The compaction test results indicate that
these additives generally increase the optimum soil moisture and the maximum optimum moisture
was observed for the samples made with 12% ash. Also, based on the results of the unconfined
compressive strength test, the studied additives have increased the uniaxial strength of the soil; The
samples made with 12% ash were the most effective, so that the addition of 12% bagasse ash increased
the soil resistance by 117%, and the addition of 12% rice husk ash and almond husk ash increased
the soil resistance by 89, 80%. The samples are investigated in order to evaluate the failure cracks at
the end of the unconfined shear strength tests. The results obtained show that there is a flexible
behavior in the reinforced clay samples in comparison with the base unreinforced clay.

Conclusions

The use of cultural waste material to reinforce the clay has a positive environmental impact. In
addition, the use of waste material can increase the shear strength of the mixed clay-waste cultural
materials. The main reason for increase in soil parameters is the interlocking effect that occurs
between the soil and the added reinforced material. The most important aspect of these extensive
laboratory tests demonstrates that waste cultural materials; bagasse ash, rice husk ash and almond
husk ash can be used to reinforce the clay and they can be used in many geotechnical engineering
projects. These cultural materials are very cheap and available in many parts of Iran.
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