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Rice husk ash and rice straw ash are common agricultural wastes in
developing countries. Currently, utilizing these wastes in the construction
sector such as soil improvement and cement concrete production is a
trend in many areas around the world. In Vietnam, with a rice production
of more than 40 million tons/year, millions of tons of rice husk ash and
straw ash can be generated. This is an abundant and a cheap material
source. This article will research and evaluate the potential of rice husk
ash and straw ash for soft soil improvement in Vietnam. Research results
show that straw ash and rice husk ash are materials having high pozzolan
activity. Various studies in the world and some studies in Vietnam showed
that rice husk ash and straw ash not only improve some physical and
mechanical properties of soil but can also partially replace the amount of
binder. Vietnam has different types of soft soil and construction activities
are increasing, so the demand for improving soft soil is also increasing. In
which, improving soil with cement binder is one of the most popular
methods. Therefore, rice husk ash and rice straw ash have great potential
to combine with cement in improving soft soil in Vietnam. Utilizing these
wastes not only helps reduce the negative impact their causes on the
environment but also helps improve construction quality and reduce
construction costs.

Copyright © 2024 Hanoi University of Mining and Geology. All rights reserved.

*Corresponding author

E - mail: nguyenthanhduong@humg.edu.vn
DOI: 10.46326/JMES.2024.65(1).06



Tap chi Khoa hoc K§ thuit Mo - Pia chat Tap 65, Ky 1 (2024) 58 - 73

Journal of Mining and Earth Sciences

59
C——
(=}

Website: http://jmes.humg.edu.vn

Nghién ctru, danh gia tiém nang st dung tro triu, tro rom ra
trong cai tao dat & Viét Nam

Nguyén Thanh Dwong 2%, Pham Thi Ngoc Ha 1, Ta Thi Toan 1, V6 Thi Cong Chinh 1

1 Trwdng Dai hoc M6 - Pia chdt, Ha Noi, Viét Nam
2 Nhém nghién ctru Dia chdt céng trinh va Pia méi trwong, Trwong Pai hoc M6 - Pia chdt, Ha Noi, Viét

Nam

THONG TIN BAI BAO

TOM TAT

Qud trinh:

Nhan bai 05/10/2023
Straxong 13/01/2024

Chip nhan diang 28/01/2024

Tir khéa:

Tro triu,

Tro romra,

Cai tao dat,

Xi mang,

Tinh chat vatly,
Tinh chit co hoc.

Tro trdu, troromrala nhitng phe'thai néng nghiép pho’bie’n & cdc quéc gia
dang phdt trién. Hién nay, viéc tdn dung cdc phe thdi nay trong linh vwc xdy
dung nhuw cdi tao ddt, sdn xudt bé tong xi mdng dang la mgt xu thé & nhiéu
noi trén thé gioi. Tai Viét Nam, véi san lwong lia hon 40 triéu tan/nam co
thétaora hang triéu tdn tro trdu va tro rom rq. Day chinh la nguon vatliéu
sdn cé va gid thanh ré. Bai bdo tdp trung nghlen ctiu, ddnh gid tiém ndng
str dung tro trdu, tro rom ra trong cdi tao ddt ¢ Viét Nam. Két qud nghién
cttu cho thdy tro rom ra va tro trdu la nhieng vt liéu c¢é hoat tinh pozzolan
cao. Cdc nghién ciru trén thé gici va Viét Nam dd chi ra tro trdu va tro rom
ra khéng chi cdi tao mdt sé tinh chdt vdt Iy, co hoc ctia ddt ma con cé thé
thay thé mot phan luong chdt két dinh. Viet Nam phdn b6 nhiéu logi ddt c6
thanh phan va tinh chdt ddc biét, nén viéc cdi tao chiing truéc khi xdy du'ng
la rdt cdn thiét. Trong dé, cdi tao dat bang chdt két dinh xi mdng la mot
trong nhu'ng phmrng phap pho bién. Vi vay, tro trdu va tro rom ra cé tiém
nang lon dékét ho'p voi xi mang trong cdi tao ddt & Viét Nam. Viéc tdn dung
cdc phé thdi nay khéng chi gitup giam tdc déng tiéu cwc do né gdy ra voi
méi trirong ma con gitip ndng cao chdt lwgng cong trinh va gidm gid thanh
xdy dung.
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1. M& dau

Nong nghiép 1a nganh kinh té€ miii nhon cta
nhiéu qudc gia trén thé gidi, dac biét & cic quoc gia
dang phat trién, trong d6 c6 Viét Nam. Hing nam,
hoat déng san xuit néng nghiép tao ra mot khéi
Iwong 16m chat thai rin nhw vé triu, rom ra, ba
mia, vo ca phé, xo dira,... Cac chit thai nay thwong
dwoc d6 bo ra méi trweong hodc dét & ngoai tw
nhién, mot phan dwoc st dung lam chit dét, thirc
an cho gia suc, phan bon sinh hoc,... Khi dét, sé tao
cac phu phdm nhw tro tru, tro rom ra, tro ba mia,
tro xo dira,... Cac loai tro nay thuwong it dwoc tan
dung va c6 thé giy tac dong tiéu cuc dén moi
treong nwéc va khong khi khi d6 bo ra moi
trwong. Vi vy, viéc nghién ctru tin dung cac phé
thai néng nghiép nay nhim lam gidm tac déng tiéu
cwc dén mdi trueong la rit can thiét. Gan day, xu
hwéng st dung cac phé thai nong nghiép nhw mot
vatliéu phu gia trong hoat dong xay dung nhw san
xuit bé téng xi mang, xt ly va cai tao dit yéu ngay
cang pho bién (Chen vannk., 2021; Gidebo va nnk,,
2023; Mareeswaran va nnk., 2023).

Viét Nam la nwéc nong nghiép véi hon 14
triéu lao dong lam viéc trong linh vyc nay. Viét
Nam ciing 1a mét trong nhirng nwéc san xuit lta
gao 1on nhat thé giGi véi khoang 44 triéu tin lda
nam 2023. Véi san lwong lda gao 1é6n nhw trén,
mot lwgng 16 cac phé thai nhw vo triu, rom ra sé
dworc thai ra hang nam. Pi cung véi dé la 1 lwong
16n tro triu, tro rom ra sé dwoc tao ra khi dot vo
trau va rom ra. Day chinh la mot nguén vat liéu doi
dao, cé gia thanh va chi phi ré.

(' Viét Nam, phan b6 nhiéu loai dit cé thanh
phén va tinh chit dic biét nhw dit sét yéu, dat

nhiém man, nhiém phén & khu vuc dong bang
song Hong va song Clru Long; dit dé bazan, dit
trwong nd, dat laterit & khu vuc TAy Nguyén. Cac
loai dat nay can phai dwoc cai tao trwdce khi xay
dung cong trinh hodc trwéc khi st dung lam vat
liéu dat xay dwng. Viéc nghién ctiu tin dung cac
phé thai néng nghiép, trong do ¢4 tro triu, tro rom
ra, dé giam lwong dw thira va gitp bao vé moi
trweong 1a rat cin thiét. Vi vay, bai bao nay sé trinh
bay két qua nghién ctru, danh gia tong quan tiém
nang str dung tro triu, tro rom ra trong xt ly, cai
tao dat & Viét Nam.

2. Pic di€m cuaa tro trau, tro rom ra

2.1. Tinh chdt vit ly

Rom ra la phan con lai sau khi thu hoach la.
Trung binh khi sdn xuit dwoc 1 kg lda gao sé tao
rakhoang 1+1,5 kg rom ra. Rom ra thu hoach tryc
tiép tir ngoai dong c6 khéi lwong thé tich khé tir 12
dén 18 kg/m3. Thanh phéan héa hoc cia rom ra
gom 38% xenlulo, 25% hemixenlulo, 14% ligin
(Van Hung va nnk,, 2020). Khi d6t chdy hoan toan,
lwong tro con lai chiém khoang tir 18,67+29,1%
khoi lwong rom ra (Hinh 1).

V6 trau la phu phadm ctia qua trinh xay xat lta
gao, chiém khoang 20% khéi lwong théc. Vo trau
c6 khoi lwong thé tich tir 86+114 kg/m3. Thanh
phan hoéa hoc chinh cda vo trau la silic (15+20%),
xenlulo (50%) va ligin (25+30%), v&i d6 am tir
10+15%, khdi lwong thé tich tir 90+150 kg/m3
(Singh, 2018). Khi dét vo triu, phén con lai la tro
triu, v&i khéi lwong chiém khoang 20% Kkhoi
lwong vo triu (Hinh 1).

Cay lua
Thu e §
hoach i Q
Thu hoach lua Xay xat gao
y
Lua — » Rom1a - - > Troromra (RSA)
Phan con dw Dot chay
Xay xat
A
Gao > Vo trau »  Trotrau (RHA)
Phan con dw Dot chay

Hinh 1. Qud trinh tao ra tro trdu va tro rom rq.
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Tro tru, tro rom ra thuwdng c6 mau xam, xam
den, xdm trang va phu thudc vao ham lwong SiO»,
ham lwgng cacbon con dw trong tro (Kang va nnk,,
2019). Tro triuy, tro rom ra thwong nhe, x8p va dé
phat tan trong khong khi nén dé anh hwéng dén
moéi treong néu khéng dwoc van chuyén va luu
triv can than. Khoi lwgng riéng cla tro triu, tro
rom ra nho hon khéi lwong riéng ctia dat va dao
dong tir khoang 1900+2400 kg/m3 (Duong va
nnk., 2020; El-Sayed va El-Samni, 2006; Pandey va
Kumar, 2019).

Tro triu va tro rom ra déu c6 ciu truc 16 rong
(Ouyang, 2003; Chenpei, 2014; Hidalgo va nnk,,
2021; Wang va nnk, 2021) (Hinh 2, 3). Theo
Ouyang (2003), tro trdu c6 3 16 ciu tric 16 rong;
16p 11alép dang t6 ong long 1éo, c6 bé day khoang
10 pm; 16p 2 bao gdm cac thé moéng c6 nhiéu 16
rong, bé day khoang 1 pum; 16p 3 12 16p c6 cac siéu

(b)

16 rong, kich thwéc < 50 nm hinh thanh tir cac hat
SiOs.

2.2. Thanh phdn héa hoc

Thanh phan héa hoc cta tro triu, tro rom ra
phu thudc nhiéu vao nhiét do va thoi gian dot
(Duong va nnk, 2020; El-Sayed va El-Samni,
2006). Thanh phan héa hoc cta tro triu, tro rom
ra thu thap tlr cic nghién ctru dwgc tong hop trong
Bang 1, 2. C6 thé thiy, trong cic thanh phan hda
hoc ctda tro triu, ham lwong SiO2 chiém ty 1é cao
nhit, dao dong tir khoang 70+90%, con ham
lwong cla cic thanh phan oxit khac khéng dang
ké. Trong tro rom ra, ham lwong SiO-, ciing chiém
ty 1é cao nhit, v&i ham lwong tir khoang 60+80%,
tuy nhién ham lwong cac oxit nhw Fe;03, K0, CaO
cting kha cao, c6 thé 1én dén hon 20%, con cac oxit
khac chiém ty 1&é khéng dang ké.

Hinh 2. Cdu triic ctia tro trdu. (a) Mdt ngoai x2000 lin; (b) Mdt trong x5000 lin;
(c) Mdt trong x8000 lin (Chenpei, 2014).

& det HV  mag HPW spot WD 200pm
ETD 20.00kV 700x 138um 3.0 14.0mm

HPW spot WD 30pm
ETD 20.00kV 5000x 138ym 3.0 14.0mm '

& dett HV  mag

Hinh 3. Cdu triic cta tro rom ra (Wang va nnk, 2021).
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Bdng 1. Thanh phdn héa hoc ctia tro trdu.
Thanh phin héa hoc ia .

Si0; | ALOs | Fe;03 | CaO | MgO | SOs | Naz0 | K0 | P,0s Tailiéu tham khdo
89,18 | 1,75 | 0,78 | 1,29 | 0,64 | 0,01 0,85 1,38 | 0,60 Muntohar va nnk. (2013)
7336 | 026 | 096 | 1,71 | 054 | 0,69 | 0,12 6,2 0,65 Rahgozar va nnk. (2018)

898 | 0,14 | 0,19 1,76 | 085 | 0,35 0,04 | 3,65 - Medina va nnk. (2018)

93,0 0,17 0,35 0,91 0,42 0,11 0,63 2,82 - Jongpradist va nnk. (2018)

920 | 0,31 | 0,38 | 097 | 047 - 0,2 387 | 0,75 Kang va nnk. (2019)
72,34 | 4,43 1,21 1,54 | 0,98 - 0,75 | 3,54 - Liu va nnk. (2019)

8809 | 1,25 | - | 098 | 034 | - - - - Jiang va nnk. (2019)
7530 | 1,40 1,98 | 2,95 - - 098 | 555 - Attah va nnk. (2021)

930 | 0,17 | 035 | 091 | 042 | 0,11 063 | 282 - Sukkarak va nnk. (2022)
90,04 | 1,83 1,37 1,28 0,73 - 0,42 2,61 - Pushpakumara va Mendis (2022)

876 | 009 | 061 | 088 | 033 | 0,22 - 287 | 048 Reis va nnk. (2022)

89,09 | 1,75 | 0,78 | 1,29 | 0,64 - 0,85 - - Wibowo va nnk. (2023)

Bdng 2. Thanh phdn héa hoc ctia tro rom rq.
Thanh phan héa hoc \iia .

Si0, | Al,0; | Fe;05 | Cad | MgO | SO; | Nay0 | K;0 | P05 | Tio, | | Héuthamkhdo

El-Sayed va El-Sammi
65,92 | 1,78 0,2 2,4 3,11 | 0,69 - - - - (2006)

75,0 1,4 2,0 1,5 1,9 0,9 1,9 10,0 2,7 0,02 Liu va nnk. (2011)
74,67 | 1,04 | 0,85 | 3,01 | 1,75 | 1,24 | 096 | 12,3 | 1,41 | 0,09 Jeng va nnk. (2012)
62,75| 2,4 | 24,18 | 2,76 | 5,12 - - - - Anupam va nnk. (2013)
65,36 | 2,62 | 1528 | 2,89 - - - - - Sabat va nnk. (2015)
7982 | 1,13 | 025 | 037 | 754 | - | 050 | 1,07 | 375 | - Pand‘?z'(‘)’ f;;“mar

78,0 - 1,45 | 10,05 - 0,4 51 - - Amin va nnk. (2022)

Nhin chung, ham lwong SiO- trong tro triu va
tro rom ra déu cao va cho thiy day la nhirng vat
liéu c6 hoat tinh pozzolan cao. Tuy nhién, theo két
qua téng hop cua Duong va nnk. (2020) dé thu
dwoc tro triu c6 hoat tinh pozzolan cao nén dot vo
triu trong diéu kién kiém soat nhiét do tir
500+8000°C va thoi gian dot tir 1+4 gio.

3. Vai tro cua tro triu, tro rom ra trong xir ly,
cai tao dit

3.1. Tdac dung cdi tao mét sé tinh chdt vdt ly

Do tro triu, tro rom ra c6 ciu truc té ong, c6
kha nang hap thu nuwéc nén khi tron tro rom ra,
tro trau kho vao dit, né hut nwérc trong dit va lam
giam do 4m. Ngoai ra, phan (rng thiy hoa cta SiO,
trong tro triu, tro rom ra véi Ca(OH): tw do trong
dat c6 thé gitp lam giam do 4m (Yoobanpot va
Jamsawang, 2014). Tro trau, tro rom ra la nhirng

vatliéu khong cé tinh dinh nén khi tron vao dat né
sé lam gidm tinh déo cta dat. Khi @6 4m va tinh
déo ctia dat giam thi kha nang va ap luc trrong né
cua dat (néu cd) cling sé giam.

D061 véi céc chi tiéu dAm chit nhw d6 4m t6i wu
(OMC) va khoi lwgng thé tich kho 16m nhit (MDD),
Kkhi tron tro triu, tro rom ra vao dit sé lam tiang
gia tri OMC va gidm gia tri MDD. Gia tri OMC tang
la do khi tron thém tro trau, tro rom ra vao dat sé
tang kha nang hap thu nwéc; gia tri MDD giam la
do tro triu, tro rom ra c6 khéi lwong riéng nho
hon dat. Gia tri MDD gidm khi tron thém tro triu,
tro rom ra la 1 diém bat loi khi st dung lam vét
liéu dap dé, dap dap.

3.2. Tac dung ndng cao tinh chdt co hoc

Ban than tro triu, tro rom ra khong c6 kha
nang dinh két nén it hodc khong cé tic dung nang
cao cwong do khi tron vao véi dit. D€ phat huy
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hoat tinh pozzolan ctia tro trau, tro romra, phai st
dung két hop chung véi xi mang hodc voi (Basha
va nnk,, 2005; Behak, 2017). Khi do, silic vd dinh
hinh trong tro triu, tro rom ra c6 thé phan &ng véi
canxi hydroxit (phan (rng pozzolan) d€ hinh thanh
gel CSH (Calcium-Silicate-Hydrate). Gel CSH la san
phdm chinh cta qua trinh thay héa xi mang Poc
lang va déng vai tro quan trong trong viéc tao ra
cuwong do. Khi sir dung xi mang trong xtr ly, cai tao
dat hodc san xuit bé tong, thanh phan C,S va CsS
trong xi mang sé phan trng v&i nwéc theo cac phan
ung (1) va (2) (phan trng thiy hoéa) tao thanh cac
san pham gel CSH va canxi hydroxit tw do. Khi tron
thém tro triu, tro rom ra, silic v dinh hinh trong
no sé phan rng véi canxi hydroxit tw do theo phan
tng (3) dé hinh thanh thém gel CSH. Viéc hinh
thanh thém cac gel CSH nay sé giip nang cao

c1) Dit yéu+3% voi+4%RHA, 28 ngay
(x2000 13n)

cwong do, do bén ctia hon hop dat hodc bé tong xi
ming. Nhw viy, c6 thé thiy dé gitp ning cao
cwong do, tro triu va tro rom ra nén str dung két
hop véi xi mang hodc véi trong cai tao dit. Két qua
hinh anh chup SEM cta Jiang va nnk. (2019) cho
thay da co su thay doi ro rét vé ciu tric cua dat &
28 ngay tu6i khi tron voi va tro triu vao dit (Hinh
4). Theo d6, khi tron voi va tro triu vao dat da hinh
thanh nén cac gel CSH véi s6 lwong 16m, bao gom
chti yéu 1a cac tinh thé dang kim va cét, c6 chiéu
day va chiéu dai l6m (Hinh 4¢2).

2(3Ca0.5i0,) "
6H,0-3Ca0.25i0,.3H20 + 3Ca(OH);

2(2Ca0.5i02) '
2H,0-3Ca0.25i0,.3H20 + 3Ca(OH);

25i0, + 3Ca(OH),—>3Ca152Si0352H,0  (3)

b2) Dt yéu+5% véi, 28 ngay (x5000 1in)

¢2) Diat yéu+3% voi+4%RHA, 28 ngay
(x5000 1an)

Hinh 4. Hinh dnh SEM ctia ddt khi cdi tao bdng voi va véi két hop véi tro trdu (Jiang va nnk,, 2019.)
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4. Nghién ctru st dung tro triu, tro rom ra
trong cai tao dit ¢ trén thé gidi

4.1. Nghién ciru st dung tro trdu trong cdi tao
ddt

4.1.1. Cdi tao ddt lam vdt lidu ddt xdy dwng

Viéc nghién ctru st dung tro tru dé cai tao
datlam vat liéu dit xay dung nhw 1am vat liéu dap
dwong, dap dé, dap da duoc tién hanh trén nhiéu
loai dit khac nhau nhw dat trweong nd, dat laterit,
dat sét yéu, dat tan tich va mot so loai dat khac,...

a. bdt trwong né

bit trwong nd la loai dit phan bd kha pho
bién trén thé gi¢i va nd gy kho khan khi st dung
lam vat liéu xay dung do dac tinh trwong né khi
gdp nudc va tinh déo cao. Viéc nghién ctru str dung
tro triu dé cai tao dat trwong né da dwoc nhiéu tac
gia & nhiéu nwdc trén thé gi¢i quan tim.

Nghién ctru ctia Sharma va nnk. (2008) cho
thay hon hop tro triu va voi cé tic dung cai tao tot
mot sd tinh chat ctia dat trvong né nhw ning cao
cwong do khang nén 1 truc (UCS), ning cao chi s
strc chiu tai California (CBR). Cu thé, gia tri UCS
tang 127%, chi s6 CBR tang 191% khi ham lwgng
vOi tang tlr 0+4% va ham lwong tro triu 1a 12%.
Tuy nhién, két qua nghién ctru cho thiy khi ham
lwong voi tang 16n hon 5% thi ca 2 chi s6 UCS va
CBR déu giam (Sharma va nnk., 2008). Brooks
(2009) da str dung hon hop tro triu va tro bay dé
cai tao dat trwong n& lam vét liéu 1é6p méng
dwong. Két qua nghién ctru cho thiy hdn hop 12%
tro triu va 25% tro bay dwoc khuyén khi dé cai
thién dic tinh trwong né cia diat Twong tu,
Singhai va Singh (2014) ciing cho thiy hdn hop
20% tro trau va 15+20% tro bay c6 kha nang cai
tao mot s tinh chat ctia dat treong né nhw giam
tinh déo, gidm kha nang trwong nd. Karatai va
nnk. (2016) cho thiy gia tri CBR c6 thé ting 800%
khi str dung két hop 20% tro trau va 2% voi dé cai
tao dit treong nd. Ngoai ra, chi s6 déo ciing giam
dén 90% va kha nang treong né tw do cling giam
dén 70%. Liu va nnk. (2019) da nghién ctu sk
dung hén hop tro trdu va cidn canxi cacbua
(Calcium Carbide Residue, CCR) d€ cai tao dat
treong né. Két qua nghién ctru cho thiy hon hop
tro triu va can canxi cacbua lam giam dang ké kha
nang trwong nd, ap luc treong néd, sé lwgng va sw
phat trién khe nit cta dat, dong thoi lam tang

cwong do khang nén 1 truc va stec khang cat. Két
qua nghién cru cda Kumar va nnk. (2022) cho
thay tro triu c6 thé lam gidm dang ké kha nang
trweong né tw do, chi s6 déo, gi¢i han co ngot cia
dat treong né (dat black cotton). Gan day, Singh
va nnk. (2023) da str dung két hop tro triu va soi
polypropylen thai (waste polypropylene fiber,
PPF) dé cai tao mot s6 tinh chat ctia dat treong no.
K&t qua nghién ciru cho thiy hon hop nay cé thé
dung dé cai tao dat lam vat liéu méng duwong.

b. Bdt laterit

DAt laterit cling 1a loai dat phan bé phé bién
trén thé gi¢i. Nhiéu tac gia da nghién ciru st dung
tro trdu dé cai tao dit laterit lam vat liéu dap
(Rahman, 1987; Nasiri va nnk., 2016; Sani va nnk.,
2020; Anburuvel va nnk., 2023; Okonkwo va nnk.,
2023; Domphoeun va Eisazadeh, 2024) . Nasiri va
nnk. (2016) da s dung tro trau két hop voi dé cai
tao dat laterit A-6 st dung lam vat liéu méng
duong giao thong. Két qua nghién ctru cho thiy
viéc str dung voi va tro triu c6 hiéu qua tét trong
viéc nang cao cwong do, gidm tinh déo. Trong do,
t0 hop 4% voi két hop 9% tro trau va 6% voi két
hop 9 % tro triu cho hiéu qua cao nhit vé ning
cao cudng d6 cia hon hop dat (CBR, UCS). Sani va
nnk. (2020) nghién ciru anh hwéng cta tro trau
dén cwong d6 khang nén ctia hon hop dat laterit
A-7-6 gia c6 bang soi ciy xidan (sisal fibre) & bang
Kaduna, Nigeria. Két qua thi nghiém nén 1 truc
cho thdy cwong d6 khang nén UCS clia hon hop dat
gia cO dat gia tri 1on nhit (696,4 kN/m2) khi st
dung 6% tro triu va 0,75% soi xidan. Gia tri cwong
do6 UCS nay dap &ng yéu cau lam vt liéu dap via
hé dwong (UCS = 687+1373 kN/m?). Sukkarak va
nnk. (2022) da nghién ctru, danh gia anh hwéng
cua tro triu, tro bay dén cwong do khang nén cua
hoén hop dat laterit cai tao bang xi mang. Két qua
nén 1 truc UCS & 28 ngay tudi cho thdy ham luwgng
tro trau tir 10+30% thay thé c6 hiéu qua khi ham
lwong xi mang st dung tir 1 dén 2% ma khéng lam
giam cuwong do ctia hdn hop. Vi vay, can st dung
thém cac chit két dinh khac dé dam bao yéu ciu
vat liéu dat dap duwong. Gan day, Anburuvel va
nnk. (2023) da nghién ctru st dung hén hop tro
triu (RHA) va tro vo trizng (ESA) lam vét liéu
geopolymer dé€ cai tao dit laterit phuc vu dap
duwong giao théng. Nhom tac gia da st dung 2 t6
hop 3% ESA + 1% RHA + 1% NaOH va 2%
ESA + 2% RHA + 1% NaOH va cho thdy cac hon
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hop geopolymer nay c6 tiém nidng 16n trong viéc
cai tao dit lam vat liéu dip dwong. Okonkwo va
nnk. (2023) da nghién ctru st dung tro triu két
hop vGi xi mang dé cai tao ditlaterit A-7(1) délam
via hé dwong giao thong. Két qua nghién ctiru cho
thay khi st dung hén hop tro trdu va xi ming cac
chi tiéu vé cwong d6 ctia hon hop dat ting dang ké.
Cu thé, véi hon hop 8% xi mang +28% tro triu,
cwong dd khang nén (UCS) va chi s6 CBR ctia hdn
hop dat cai tao sau 7 ngay bao dwdng tang lan lwot
la 1616,67% va 420,37%. Domphoeun va
Eisazadeh (2024) nghién ctru dic tinh khang uén
va strc khang cit ctia dat laterit cai tao bang hon
hop tro triu, xo dira va voi. Két qua nghién ciru
cho thdy hon hop 20% tro triu +8% voi cho cwdong
dé khang nén UCS 16n nhat sau 56 ngay bao
dudng. Trong khi d6, hén hop 20% tro triu +8%
vOi +1% xo dira lam ting dang ké cworng d6 khang
udn ctia hdn hop dit gia cd sau 28 ngay bao dwdng
(tdng 10 l4an so v&i dat ty nhién). Nghién ciru cling
cho thay tro triu va xo dira c6 thé dung dé cai tao
dat phuc vu cac cong trinh nhw dé dap, 16p 4o
dwong. Ngoai ra, tro triu va xo dira ciing lam giam
do gion ctia hdn hop dat gia c6 bang voi.

¢. Ddt tan tich

Viéc st dung tro trau két hop véi voi, xi mang
dé cai tao dit tan tich da dwoc mot sd tac gia quan
tam nghién ctru (Ali, 1992; Ali va nnk, 1992;
Bashavannk, 2005; Rahman va nnk., 2014). Theo
cac nghién cru nay, ban than tro triu cé thé lam
giam tinh déo, gidm gia tri MDD, tang gia tri OMC
cua dat (Rahman va nnk., 2014). Ngoai ra, khi két
hop véi voi/xi mang con lam tang cwong do khang
nén 1 truc UCS va tang do bén (Ali 1992; Ali va
nnk., 1992).

d. Ddt sét yéu

D4t sét yéu ciling la loai dat can phai cai tao
trwde khi st dung lam vat liéu dit xdy dung
(Anwar Hossain, 2011; Barwar va nnk., 2022;
Wibowo va nnk., 2023). Pién hinh, Barwar va nnk.
(2022) str dung tro triu két hop véi xi mang dé cai
tao d4t sét yéu & An Do. Két qua nghién ctru cho
thiy tro triu gitp ting cwong do va do bén cta
hon hop dit xi ming. Khong chi ting cwong do va
d6 bén, tro triu co thé giip lam giam it nhat 1% xi
mang. Nghién ctru cia Wibowo va nnk. (2023) khi
str dung tro triu két hop v&i xi mang dé cai tao dat
sét yéu (A-7-5) cho thiy tro triu co thé giip ning

cao cwong do va strc chiu tai ctia dat khi st dung
1am vAt liéu dap via he.

e. Mot s6 loai ddt khdc

Rahgozar va nnk. (2018) nghién ctru stt dung
tro trau két hop véi xi mang dé cai tao dat cat pha
(A-2-6) & vung Sejzi, Iran. K&t qua nghién ctru cho
thiy khi ting ham lwong tro triu sé lam ting do
am t6i wu, giam khoi lwgng thé tich khé 16m nhit.
Ngoai ra, & 28 ngay tudi, gia tri UCS va CBR dat gia
tri 16n nhat véi 6% tro triu va 8% xi mang (UCS
va CBR clia mAu cai tao ting 1an lwot 25,44 va 18,2
lan so véi mau dit chua cai tao).

Talib va nnk. (2023) cai tao dat bun Bahu
Pahat & Malaysia bang hén hop xi ming va tro
trau. Tro triu dwoc st dung dé thay thé mot phan
xi mang, véi ham lwong thay thé tir 5% dén 20%.
Két qua thi nghiém xac dinh cwong do UCS cho
thay, gia tri cwong do6 UCS 1én nhit khi xi mang
dwoc thay thé biang 5% tro triu. Khi ty 1€ tro triu
thay thé xi mang 16n hon 5%, gia tri UCS c6 xu
hwéng giam dan.

Zivari va nnk. (2023) da str dung hdn hop voi
va tro triu dé cai tao dat Hoang Tho (dat loess) &
tinh Golestan, Iran. Két qua nghién ctru cho thiy
khi ting ham lwong vo6i va tro triu, do 4m tdi wu
tang dan. Trong khi dd, khéi lwgng thé tich khd,
gi¢i han déo va chi s6 déo ciing c6 xu hwéng tang
dan khi ham lwong véi va tro triu ting dén 5%, khi
tang vuot qua 5%, cac chi tiéu nay giam dan. Gia
tri CBR ciling dat gia tri 16m nhat khi sit dung 5%
voi va tro triu. Vi vay, hdn hop 5% voi va tro trdu
phu hop dé cai tao dat nay.

4.1.2. Cdi tao nén ddt yéu

Ngoai viéc st dung tro triu dé cai tao ditlam
vatliéu dap, tro trdu con dwoc str dung dé thay thé
mot phan xi mang trong cai tao nén dit yéu bang
phwong phap tron sau (Yoobanpot va Jamsawang,
2014; Jongpradist va nnk. 2018; Tesanasin va
nnk. 2023). Cac nghién ctru cia Yoobanpot va
Jamsawang (2014) va Jongpradist va nnk. (2018)
cho thiy tro triu vira c6 thé dung dé thay thé mot
phan xi mang, vira c6 thé dung dé nang cao cwong
dd ctia hon hop dit xi mang (tao ra hdn hop dit xi
mang c6 cwong dd cao). Tuy vao ham lwgng xi
ming, ham lwong tro triu tron thém dé tiang
cwong do khang nén co thé 1én dén 35%. Gan day,
Tesanasin va nnk. (2023) da so sanh va danh gia
hiéu qua cta viéc str dung hon hop xi miang+tro
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tru va xi mang + tro trdu + NaOH trong cai
tao dit sét yéu Bangkok bang phwong phap tron
siu dit-xi mang. Trong do, ty 1é xi mang : tro trau
dao dong tir 100 : 0+0 : 100; ham lwgng NaOH la
5% va 10%. Két qua nén 1 truc & 28 ngay tudi cho
thay viéc st dung 2 hén hop trén déu cho cwong
do6 khang nén 1 truc cta dat gia c6 1é6m hon 1000
kPa va dap &ng yéu ciu phwong phap tron siu
d4t-xi mang ciia Uy ban dwong cao tdc Thai Lan
(DOH).

Cac nghién ctru trén thé gi¢i cho thiy tro trau
c6 thé dung dé cai tao mdt s6 tinh chat vat Iy nhw
gidm tinh déo, gidam kha nang treong né cua dat.
Ngoai ra, n6 c6 thé dwoc st dung két hop véi xi
mang, voi, canxi cacbua, kiém NaOH,... dé ning
cao cwong d6 ciia nhiéu loai dat khac nhau nhw dat
trwong nd, dat tan tich, dat laterit, dat sét yéu,...
Ngoai ning cao cuong do, tro triu c6 thé dung dé
thay thé mot phan xi mang gidp gidm lwong xi
mang st dung, giam gia thanh xay dung cong
trinh.

4.2. Nghién ctru st dung tro rom ra trong cdi
tao ddt

Ciing giong nhu tro triu, tro rom ra 1a vat liéu
c6 hoat tinh pozzolan cao. Tuy nhién, cho dén nay,
m&i chi c6 mot vai nghién ctiru vé viéc st dung tro
rom ra trong xtr 1y, cai tao dat. Pién hinh, Anupam
va nnk. (2013) nghién cttu st dung phé phim
nong nghiép va cong nghiép bao gbm tro tray, tro
rom ra, tro ba mia va tro bay dé cai tao dit sét yéu
(A-7-6) phuc vu xay dung duwong giao thong. Két
qua nghién ctru cho thiy, tro rom ra cling véi tro
triu, tro ba mia va tro bay déu c6 tic dung lam
tang gidi han co ngot, tang gia tri OMC va giam gia
tri MDD. Ngoai ra, cac loai tro nay khi tron vao dat
déu 1am tang chi s6 CBR t&i mot gidi han nhit
dinh. D&i véi tro rom ra, ham lwong tdi wu dé dat
chisé CBR1én nhatla 20%. Twong tw nhw tro triu,
tro rom ra ciing da dwgc nghién ctru sir dung dé
cai tao mét s tinh chat cta dit treong nd. Theo
Sabat va nnk. (2015) tro triu c6 tac dung cai tao
mot s6 tinh chat cta dat trwong né nhw ting
cuong do UCS, ting chi so CBR, giam ap luc trwong
n& va ham lwgng tro rom ra tdi wu la 20%. Tuy
nhién, véi 20% tro rom ra thi ap luc treong nd
van con kha 16m (90 kN/m?). Chinh vi vy, viéc chi
str dung tro rom ra khéng phu hop dé cai tao dat
trwong né ma can két hgp thém véi cac chat két
dinh khac nhw voi, xi mang.

Nhin chung, cac nghién ctru vé str dung tro
romra trong xtrly, cai tao dat vin con han ché. Tuy
nhién, trong linh vwc san xuit bé téng, nhiéu
nghién ctru da chi ra hiéu qua cia viéc két hop tro
rom ra véi xi ming dé nang cao cuong do cua bé
tong xi mang (Amin va nnk, 2022; Pandey va
Kumar, 2020, 2019; Rosellé va nnk.,, 2017; Wang
vannk, 2021).

5. Tro trau, tro rom ra & Viét Nam va tiém
nang st dung trong cai tao dat

5.1. Nguoén tro trdu, tro rom ra & Viét Nam

Theo thdng ké, san lwong lta ndm 2023 cda
Viét Nam la khoang 43,5 triéu tan (http://surlli/
pgnbz). Véiluwong lta gao nay sé tao ra tir 44 triéu
dén 65 triéu tAn rom ra méi nam. Hién nay, chi
méi 20% rom ra ¢ Viét Nam duoc sir dung lam
thirc an cho gia stc, trong nim, dung lam dém 1ot
van chuyén hang hoéa, dung dun niu trong gia
dinh; 80% con lai chi yéu la vui vao dat hoac dot
truec ti€p ngoai dong (https://shorturl.at/fswDZ).
Viéc dot rom ra & ngoai dong sé thai ra mot lwong
khi thai 1ém (CO, COz NO2, SO2); lwgng tro sau khi
dét néu khong duwgc thu gom sé phat tan trong
khong khi 1am 6 nhiém méi treong nuéc va khi.
Lwong tro rom ra con lai sau khi dét chiém khoang
20% khéi lwgng rom ra. Gia st 80% rom ra con
duw thira dwoc thu gom va dét sé tao ra tir 7+10,5
triéu tin tro rom ra.

Ngoai rom ra, khi xay xat Ida, hang nam Viét
Nam sé tao ra khoang 8,7 triéu tin v trau. Khac
rom ra, vo triu khong thich hop lam thirc an truc
tiép cho gia stic. O Viét Nam, vé trau thwong duwoc
dung lam chat dot trong gia dinh hodc trong san
xudt (nung gach, sdy hoa qua, siy hai san, hip coc
bé tong ly tAm,...); mot phin dwoc stv dung lam
phén boén hitu co dé cai tao dit va mot phan dwoc
do6 bo ra moi treong. Néu toan bo lwong vo trau
dwoc st dung lam chit doét sé tao ra khoang 1,7
triéu tin tro trdu moi ndm. Nhu viy, c6 thé thiy,
lwong tro rom ra va tro trau & Viét Nam rit doi
dao va c6 gia thanh ré. Tuy nhién, tro rom ra va tro
triu sau khi d6t thuwong dwoc d6 bo ra moi truong,
mot phan dwoc str dung dé cai tao dit va phan nhd
dwoc str dung trong linh vire hda chat.

5.2. Tiém ndng st dung tro trdu, tro rom ra
trong cdi tao ddt & Viét Nam
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Cho dén nay, & Viét Nam, da c6 mot s6 nghién
clru vé viéc str dung tro trau két hop véi voi hodc
xi mang dé cai tao dit (Nguyén va D6, 2008; Pham
va Tran, 2020; Duong, 2022a, 2022b; Phan va
nnk., 2023). Dién hinh, két qua nghién ciru Duong
(2022a) ciing cho thiy tro triu thu dworc tir d6t vo
triu trong diéu kién c6 kiém soat nhiét do va thoi
gian (tro trAu dét cé kiém soat) c6 chira ham
lwong oxit silic cao hon so véi tro triu thu dwoc tir
dét vé triu tw do ngoai khong khi (tro triu dot
khéng kiém soat). Xét vé kha nang cai tao cac tinh
chat vat ly ctia dat, khi tron vao dat, ca 2 loai tro
trdu déu lam gidm do 4m, giam khéi lwong riéng
cla dat va co thé dung dé cai tao dit vé mat tinh
déo (Duong, 2022a) (Hinh 5). Két qua phan tich
cling cho thiy, loai tro triu anh hwéng khong dang
ké dén sw gidm do 4m va tinh déo cua dit. Vé mat
cwong do, tro triu cd thé lam tang dang ké cwong
do khang nén cia hon hop dit xi mang, dic biétla
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vGi tro triu dét c6 kiém soat. V&i 12% ham lwong
tro trdu c6 ki€ém soat c6 thé 1am ting cwong do
khang nén ctia hon hop dat +10% xi ming dén
hon 50% (Duong, 2022b) (Hinh 6). Piéu nay
chirng td, tro trau dét tw do c6 ham lwong oxit silic
thap, lwong mat khi nung cao nén it c6 tiém nang
str dung két hop véi xi méang trong cai tao dat vé
mit cwong do. Ngoai viéc nang cao cwong do, két
qua nghién ctru clia Duong va nnk. (2022) cho
thay tro trau d6t c6 kiém soat c6 thé dwoc str dung
dé thay thé 1 phan xi ming trong cai tao nén dat
yéu bang phwong phép tron sau dit xi ming, Két
qua nghién ctru cho thiy tro triu dot c6 kiém soat
c6 thé dwoc str dung dé thay thé tir 10+20% ham
lwong xi mang, trong d6 ham lwgng thay thé téi wu
1a 20% ham lwong xi mang. Theo do6, véi 20% tro
triu thay thé xi mang, cwong dé6 khang nén cta
hén hop dit cé thé ting khodng 19,8% (Hinh 7).
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Hinh 5. Anh hwéng ctia ham lwong tro trdu dén chi s6 déo ctia dat (Duong, 2022a).
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Hinh 6. Anh huéng ctia ham Iwong tro trdu dén cuomg do khdng nén (Duong, 2022b).
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Gan day, Phan va nnk. (2023) da nghién ctru
stt dung hdn hop tro triu va xi ming dé cai tao dat
sét yéu & tinh Vinh Long lam vat liéu dip dwong.
Két qua nghién ctru cho thiy khi ham lwong tro
triu ting sé dan dén gidm gia tri MDD va ting gia
tri OMC. Ngoai ra, khi ting ham lwong tro triu sé
lam ting mét s6 chi tiéu co hoc nhw cwong do
khang nén 1 truc, cwdng do khang kéo va mo dun
dan hoi. Té hop 80% dit +20% tro triu +6% xi
mang dwoc coi la téi wu khi cho gia tri cworng do
khang nén cao nhit (Hinh 8) va théa man diéu
kién d6 bén cap Il cta vét liéu gia co trong xay
dung dwong giao thong (TCVN 10379-2014).

Ngoai két hop véi voi, xi mang, tro trau cé thé
dung lam chat hoat héa kiém geopolymer. Theo
do, Nguyen va nnk. (2017) da nghién ctru sir dung
tro trdu lam chit két dinh kiém hoat héa
geopolymer dé cai tao dit sét yéu viing dong bang
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song Ctru Long. Két qua nghién ctru da cho thay
cwong do khang nén ctia hon hop dat gia c6 bang
tro triu va dung dich kiém ting dang ké (Hinh 9).
biéu nay chirng to tro triu co thé st dung lam chat
két dinh hoat héa geopolymer trong ci tao dat.
Viét Nam phén b6 nhiéu loai dat c6 tinh chat
dic biét nhw dat sét yéu, dat nhiém mudi, nhiém
phén & khu vurc ddng bang sdong Hong va séng Ctru
Long (Nu, 2014; Phuc va Giao, 2020; Vi, 2018),
dat laterit, dat trwong nd, dat dé bazan & khu vuc
Tay Nguyén (Bui, 2020, Nguyén, 2021). Dic biét,
theo Nu (2014) va Vii (2018), dat yéu & khu vuc
ddng bang séng ctru Long c6 dién phan bd rong,
nam ngay gan mat dit véi nhiéu loai khac nhau tir
sét chdy, déo chay dén cac loai dit bun sét. Chiing
c6 chiéu day 16n tlr vai mét dén hang chuc mét.
Ngoai ra, nhiéu khu virc dat bi nhiém mudi, nhiém
pheén, chira nhiéu hitu co. Cac loai dat nay thwong
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Hinh 7. Anh huéng ctia tro trdu thay thé mot phdn xi médng dén cuomg do khdng nén (Duong va nnk,, 2022).
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(Nguyen va nnk, 2017).

khong phtt hop dé st dung truc ti€p 1am nén hoac
lam vat liéu dat xy dung. Hién nay, cic cong trinh
xdy dung ngay cang nhiéu, dic biét 1a cac tuyén
dwong giao théng trong diém nhuw tuyén dwong
cao t6c Bic Nam, c4c tuyén dwong cao toc két ndi
ving dong bang Song Ctru Long. Do d6, nhu ciu vé
cai tao nén dit yéu cling nhw nhu cau vé vit liéu
dat dap la rat1on. Trong dd, viéc str dung xi ming,
vOi trong cai tao, xt Iy nén hodc céi tao dit lam vat
liéu d4t dap rat pho bién. Cac nghién ctru trén thé
gidi cling nhw & Viét Nam da cho thay tro triu
khoéng chi c6 hiéu qua trong viéc nang cao cwong
do6 cia dat ma con c6 thé gitp giam lwong xi mang
str dung. Ddi v&i tro rom ra, cho dén nay chwa c6
nghién ctru vé viéc str dung tro rom ra trong xtt ly,
cai tao dat phuc vu xay dwng & Viét Nam. Tuy
nhién, két qua nghién ctru cia Nguyén va Tdong
(2023) cho thiy tro rom ra cé thé lam phu gia
khoang cho bé tong xi mang. Chinh vi vy, cing véi
tro triu, tro rom ra ciing c6 tiém nang lon dé két
hop véi xi mang hodc véi trong cai tao dat & Viét
Nam.

6. Két luin

Tl qué trinh nghién ctru, phan tich va téng
hop tai liéu rut ra mét sé két luin sau:

1. Tro triu va tro rom ra déu la nhirng vat liéu
¢6 hoat tinh pozzolan cao do c6 chira ham lwong
SiO2 v6 dinh hinh cao. Trong d6, ham lwgng SiO>
trong tro trdu dao dong tir khoang 70% dén hon
90% va trong tro rom ra tir khoang 60% dén hon
80%.

2. Tro triu va tro rom ra cé thé dung két hop
voi voi/xi mang dé€ cai tao nhiéu loai dat khac
nhau nhw dat trwong nd, dat laterit, dat tan tich,
dat sét yéu va mot s6 loai dat khac nhw dit bun,
datloess.

3. Tro trau va tro rom ra khong chi cai tao dit
vé mot so tinh chat vat Iy nhw giam tinh déo, giam
kha nang va ap lwc trwong néd ma con gitp nang
cao cwong do khang nén, chi sé CBR cuia dat khi st
dung két hgp véi voi, xi mang. Ngoai ning cao
cuong do, tro trau va tro rom ra c6 thé lam giam
lwong xi mang str dung trong cai tao dat. Mot s6
nghién ctru cling da chi ra tro triu c6 thé st dung
lam chit két dinh kiém hoat héa geopolymer
trong cai tao dit. Tuy nhién, viéc str dung tro triu,
tro rom ra trong cai tao dat dé lam vat liéu dap dé
dap can chd y vi chiung lam ting d6 4m tdi wu
(OMC) nhwng lai lam gidm dung trong kho 16n
nhat (MDD).

4.Viét Nam c6 lwong tro triu va tro rom ra rat
do6i dao, 1én dén hang triéu tin/nam. Viét Nam
cling phin bé nhiéu loai dit c6 thanh phan, tinh
chat dac biét va nhu ciu cai tao dat phuc vu xay
dung ngay cang cao. Trong do, cai tao dit bing xi
mang la mét trong nhitng phwong phap pho bién
nhat. Chinh vi vy, tro triu va tro rom ra c6 tiém
ning lom dé st dung két hop véi xi mang trong cai
tao dat. Khi tAn dung dwoc nguon tro triu, tro rom
ra khong chi giip ning cao chit lwong cong trinh,
giam lwong xi mang s dung, giam gia thanh xay
dung ma con gidm lwgng phé thai nay va bao vé
moi tredng.



70 Nguyén Thanh Dwong va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 65 (1), ) 58 - 73

Loi cam on

Nghién ctru nay dworc tai tro béi Bo Gido duc
va Dao tao theo dé tai mi s6: B2024-MDA-7.
Poéng gop cua tac gia

Nguyén Thanh Dwong - phwong phap luan,
viét ban thao bai bao, danh gia va chinh stra; Pham
Thi Ngoc Ha - thu thap tai liéu, phan tich dit liéu;
Ta Thi Todn- viét ban thao bai bao, chinh sira; Vo
Thi Céng Chinh - thu thap tai liéu, viét ban thao bai
bao.

7. Tai liéu tham khao

Ali, F. H. (1992). Stabilization of a residual soil.
Soils and Foundations 32, 178-185.

Alij, F. H,, Adnan, A,, Choy, C. K. (1992). Use of rice
husk ash to enhance lime treatment of soil.
Canadian Geotechnical Journal 29, 843-852.

Amin, M,, Tayeh, B. A, Kandil, M. A, Agwa, L. S,,
Abdelmagied, M. F. (2022). Effect of rice straw
ash and palm leaf ash on the properties of
ultrahigh-performance concrete. Case Studies
in Construction Materials 17, e01266.

Anburuvel, A, Sathiparan, N., Dhananjaya, G. M. A,
Anuruththan, A. (2023). Characteristic
evaluation of geopolymer based lateritic soil
stabilization enriched with eggshell ash and
rice husk ash for road construction: An
experimental investigation. Construction and
Building Materials 387,131659.

Anupam, A. K, Kumar, P, Ransinchung, G. D.
(2013). Use of various agricultural and
industrial waste materials in road
construction. Procedia-Social and Behavioral
Sciences 104, 264-273.

Anwar Hossain, K. M. (2011). Stabilized soils
incorporating combinations of rice husk ash
and cement kiln dust. Journal of Materials in
Civil Engineering 23, 1320-1327.

Attah, L. C, Etim, R. K, Usanga, I. N. (2021).
Potentials of cement kiln dust and rice husk
ash blend on strength of tropical soil for
sustainable road construction material. IOP
Conference Series: Materials Science and
Engineering. IOP Publishing, 012072.

Barwar, A., Chandrappa, A. K, Sahoo, Umesh.C.
(2022).  Laboratory investigations on
stabilization of weak clay soil using rice husk
ash and cement. Innov. Infrastruct. Solut. 7,
327.

Basha, E. A, Hashim, R.,, Mahmud, H. B., Muntohar,
A. S. (2005). Stabilization of residual soil with
rice husk ash and cement. Construction and
Building Materials 19, 448-453.

Behak, L. (2017). Soil Stabilization with Rice Husk
Ash. Chapter 3 in Rice-Technology and
Production.

Bui, V. D. (2020). Nghién ctru str dung mot so chat
thai ran cong nghiép (bot da cong nghiép, bot
thiy tinh nghién, bt nghién tir gach men va
gom sit) lam chat két dinh kiém hoat héa
geopolymer dé gia cwong dat lateritic phuc vu
x4y dwng cong trinh. Dé tai KHCN cip Bo

Brooks, R. M. (2009). Soil stabilization with fly ash
and rice husk ash. International Journal of
Research and Reviews in Applied Sciences 1,
209-217.

Chen, R, Congress, S. S. C,, Cai, G., Duan, W,, Liu, S.
(2021). Sustainable utilization of biomass
waste-rice husk ash as a new solidified
material of soil in geotechnical engineering: A
review. Construction and Building Materials
292,1232109.

Chenpei (2014). Effect of rice husk pretreatment
on rice husk ash. Doctoral thesis at Harbin
Industrial University.

Domphoeun, R, Eisazadeh, A. (2024). Flexural
and Shear Strength Properties of Laterite Soil
Stabilized with Rice Husk Ash, Coir Fiber, and
Lime. Transp. Infrastruct. Geotech.

Duong, N. T. (2022a). Effect of rice husk ash on
physical properties of soft soil. International
Journal of Environment and  Waste
Management 30, 191.202.

Duong, N. T. (2022b). Effect of rice husk ash on
unconfined compressive strength of soil-
cement admixture. Suranaree Journal of
Science & Technology 29, 1-9.

Duong, N. T., Nguyen, N. T., Pham, H. N. T.,, Phung,
H.H., Van Nguyen, H. (2020). Rice husk ash and
its utilization in soil improvement: An



Nguyén Thanh Dwong va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 65 (1), ) 58 - 73 71

overview. Journal of Mining and Earth Sciences
61,1-11.

Duong, N. T, Son, B. T., Nu, N. T. (2022). Possibility
of replacing cement with rice husk ash in soft
soil improvement using soil-cement column.
H§i nghi toan qudc khoa hoc trdi ddt and tai
nguyén vai phdt trién bén viing (ERSD 2022)
133-139.

El-Sayed, M. A, El-Samni, T. M. (2006). Physical
and chemical properties of rice straw ash and
its effect on the cement paste produced from
different cement types. Journal of King Saud
University-Engineering Sciences 19, 21-29.

Gidebo, F. A, Yasuhara, H., Kinoshita, N. (2023).
Stabilization of expansive soil with agricultural
waste additives: a review. Geo-Engineering 14,
14.

Hidalgo, S., Soriano, L., Monzo, ]., Pay4, ]., Font, A,
Borrachero, M. V. (2021). Evaluation of rice
straw ash as a pozzolan addition in
cementitious mixtures. Applied Sciences 11,
773.

http://surl.li/pgnbz (ngay truy cap: 14/1/2023).

https://shorturl.at/fswDZ (ngay truy cap: 14/1/
2023).

Jeng, S. L., Zainuddin, A. M., Sharifah, R. W. A,
Haslenda, H. (2012). A review on utilisation of
biomass from rice industry as a source of
renewable energy. Renew Sust Energ Rev
16:3084-3094

Jiang, X,, Huang, Z., Ma, F,, Luo, X. (2019). Analysis
of strength development and soil-water
characteristics of rice husk ash-lime stabilized
soft soil. Materials 12, 3873.

Jongpradist, P, Homtragoon, W., Sukkarak, R,
Kongkitkul, W. Jamsawang, P. (2018).
Efficiency of rice husk ash as cementitious
material in high-strength cement-admixed
clay. Advances in Civil Engineering 2018.

Kang, S. H,, Hong, S. G, Moon, J. (2019). The use of
rice husk ash as reactive filler in ultra-high
performance concrete. Cement and Concrete
Research 115, 389-400.

Karatai, T. R,, Kaluli, ]. W., Kabubo, C., Thiong’o, G.
(2016). Soil stabilization using rice husk ash

and natural lime as an alternative to cutting
and filling in road construction. Journal of
Construction Engineering and Management
143,04016127.

Kumar, S, Singh, R. P, Paswan, S. K. (2022).
Strength and Impact of Rice Husk Ash on
Expansive Soil by Using Soil Stabilization.
Advances in Geo-Science and Geo-Structures,
Lecture Notes in Civil Engineering. Springer
Singapore, Singapore, 73-80.

Liy, Y., Chang, C. W,, Namdar, A, She, Y,, Lin, C. H,,
Yuan, X, Yang, Q. (2019). Stabilization of
expansive soil using cementing material from
rice husk ash and calcium carbide residue.
Construction and Building Materials 221, 1-11.

Liu, Z, Xu, A, Long, B. (2011). Energy from
combustion of rice straw: status and
challenges to China. Energy and Power
Engineering 3, 325.

Mareeswaran, M., Suryaprakash, T., Srinivas, N. T.,
Rathnavelu, P. (2023). An investigation on
agricultural wastes as soil stabilizers. Materials
Today: Proceedings.

Medina, C. L., Bosque, I, Frias, M. (2018). Desin
and characteristics of ternary cements
containing rice husk ash and fly ash.
Construction and Building Materials 187, 65-76

Muntohar, A. S., Widianti, A., Hartono, E., Diana, W.
(2013). Engineering Properties of Silty Soil
Stabilized with Lime and Rice Husk Ash and
Reinforced with Waste Plastic Fiber. J. Mater.
Civ. Eng. 25,1260-1270.

Nasiri, M., Lotfalian, M, Modarres, A, Wu, W.
(2016). Optimum utilization of rice husk ash
for stabilization of sub-base materials in
construction and repair project of forest roads.
Croatian Journal of Forest Engineering: Journal
for Theory and Application of Forestry
Engineering 37, 333-343.

Nguyén H. N. (2021). Nghién ctru cai tao dit Bazan
bing hén hop Puzolan - xi ming - véi lam
twong nghiéng chéng thAm dap dat vung Tay
Nguyén. Ludn dn Tién si ky thudt.

Nguyén T. T., D6 M. T. (2008). Vai trd cua phu gia
tro triu trong cai tao dit sét pha amQ2-3 phan
b6 & Can Tho bang chat két dinh vo co. Tuyén



72 Nguyén Thanh Dwong va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 65 (1), ) 58 - 73

tip bao cdo HNKH lan thi 18, trweong Pai hoc
Mé-Bia chit, Quyén 2, 88-94.

Nguyén T. T., Téng T. K. (2023). Nghién ctru khao
sat kha ndng xtr ly phé thai rom ra lam phu gia
khoang cho xi mang. Tap chi xdy dung 02.2023,
66-72.

Nguyen, T. N, Le, A. T, Nguyen, M. T. (2017).
Factors influencing strength development in
soft soil clay mixed rice husk ash based
geopolymer. Advanced Experimental
Mechanics 2,153-158.

Nuy, N.T.(2014). Nghién ctru ddc tinh dia chat cong
trinh cta ditloai sét yéu amQ.2-3 phan bd & cac
tinh ven bién dong bang séng Clru Long phuc
vu xt Iy nén dwong. Luin an Tién si ky thuét,
Truwong Pai hoc Mo - Dia chat.

Okonkwo, U. N,, Ekeoma, E. C., Ndem, H. E. (2023).
Exponential Logarithmic Models for Strength
Properties of Lateritic Soil Treated with
Cement and Rice Husk Ash as Pavement of
Low-Cost Roads. Int. |. Pavement Res. Technol.
16,333-342.

Ouyang, D. (2003). Microstructure and chemical
activity of rice husk ash burned at low
temperature. Journal of the Chinese Ceramic
Society 31,1121-1124.

Pandey, A, Kumar, B, (2020). A comprehensive
investigation on application of microsilica and
rice straw ash in rigid pavement. Construction
and Building Materials 252, 119053

Pandey, A., Kumar, B. (2019). Effects of rice straw
ash and micro silica on mechanical properties
of pavement quality concrete. Journal of
Building Engineering 26, 100889

Pham, V. P, Tran, V. T. (2020). Rice Husk Ash
Burnt in Simple Conditions for Soil
Stabilization, in: Geotechnics for Sustainable
Infrastructure Development. Springer, pp. 717-
721.

Phan, V. T. A, Nguyen, V. L., Tran, H. B, Le, V. B.
(2023). Potential Usage of Rice Husk Ash-
Cement Based Soil in Subbase and Base
Courses in Road Construction. International
Journal of Integrated Engineering 15, 299-309.

Phuc, T. T, Giao, P. H. (2020). Geotechnical
Properties of Hai Phong and Ninh Binh Clays in

the Red River Delta. Geotechnics for Sustainable
Infrastructure Development. Springer, 751-758.

Pushpakumara, B. H. ], Mendis, W. S. W. (2022).
Suitability of Rice Husk Ash (RHA) with lime as
a soil stabilizer in geotechnical applications.
Geo-Engineering 13, 4.

Rahgozar, M. A, Saberian, M, Li, ]. (2018). Soil
stabilization with non-conventional eco-
friendly agricultural waste materials: An
experimental study. Transportation
Geotechnics 14, 52-60.

Rahman, M. A. (1987). Effects of cement-rice husk
ash mixtures on geotechnical properties of
lateritic soils. Soils and Foundations 27, 61-65.

Rahman, Z. A., Ashari, H. A, Sahibin, A. R,, Tukimat,
L., Razi, . W. M. (2014). Effect of rice husk ash
addition on geotechnical characteristics of
treated residual soil. American-Eurasian ].
Agric. & Environ. Sci, 14 (12),1368-1377.

Reis, J. B, Pelisser, G., Levandoski, W. M. K,
Ferrazzo, S. T., Mota, ]. D., Silveira, A. A,, Korf, E.
P. (2022). Experimental investigation of
binder based on rice husk ash and eggshell
lime on soil stabilization under acidic attack.
Scientific Reports 12, 7542.

Rosello, J., Soriano, L., Santamarina, M. P., Akasaki,
J. L, Monz4, ], Pay3, J. (2017). Rice straw ash: A
potential pozzolan supplementary material for
cementing systems. Industrial Crops and
Products 103, 39-50.

Sabat, A. K, Mohanta, S., Swain, S. (2015). Effect of
moulding water content on geotechnical
properties of rice straw ash stabilized
expansive soil. ARPN J. Eng. Appl. Sci 10, 10427-
10432.

Sani, ]. E,, Yohanna, P., Chukwujama, 1. A. (2020).
Effect of rice husk ash admixed with treated
sisal fibre on properties of lateritic soil as a
road construction material. Journal of King
Saud University-Engineering Sciences 32, 11-
18.

Sharma, R. S., Phanikumar, B. R, Rao, B. V. (2008).
Engineering behavior of a remolded expansive
clay blended with lime, calcium chloride, and
rice-husk ash. Journal of Materials in Civil
Engineering 20, 509-515.



Nguyén Thanh Dwong va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 65 (1), ) 58 - 73 73

Singh, B. (2018). Rice husk ash, in: Waste and
Supplementary Cementitious Materials in
Concrete, 417-460.

Singh, G., Kumar, R, Sharma, A. (2023). Strength
improvement of local clayey soil using rice
husk ash and polypropylene fiber. AIP
Conference Proceedings. AIP Publishing.

Singhai, A. K, Singh, S. S. (2014). Laboratory study
on soil stabilization using fly ash and rice husk
ash. International Journal of Research in
Engineering and Technology 2319-1163.

Sukkarak, R, Thangjaroensuk, B., Jongpradist, P.
(2022). Evaluation of fly ash and rice husk ash
on the unconfined compressive strength of the
compacted cement treated lateritic soil
Suranaree Journal of Science & Technology 29.

Talib, M. A, Zainorabidin, A., Pakir, F., Yusof, Z. M.,
Basri, K, Salikin, A. (2023). Stabilization of
Batu Pahat peat by using rice husk ash (RHA).
IOP  Conference  Series:  Earth  and
Environmental Science. I0P Publishing, p.
012041.

TCVN 10379:2014. Gia c6 dat bang chat két dinh
v0 co, héa chit hodc gia co tong hop, str dung
trong xay dwng dwong bo: Thi cong va nghiém
thu.

Tesanasin, T., Suksiripattanapong, C., Kuasakul, T.,
Thongkhwan, T.,, Tabyang, W., Thumrongvut, J.,
Keawsawasvong, S. (2023). Comparison
Between Cement-Rice Husk Ash and Cement-
Rice Husk Ash One-Part Geopolymer for

Stabilized Soft Clay as Deep Mixing Material.
Transp. Infrastruct. Geotech.

Van Hung, N., Maguyon-Detras, M. C.,, Migo, M. V,,
Quilloy, R, Balingbing, C., Chivenge, P,
Gummert, M. (2020). Rice straw overview:
availability, properties, and management
practices. Sustainable Rice Straw Management
1-13.

Vi, N. B. (2018). Nghién cttu anh hwdng ddc tinh
x4y dung cua dit loai sét yéu vuing déng bang
sdng Ctru Long dén chit lwong gia cd nén bang
xi mang két hop véi phu gia trong xay dwng
cong trinh. Ludn &n Tién s§ k§ thuit.

Wang, S, Song, X., Wei, M,, Liu, W,, Wang, X,, Ke, Y.,
Tao, T. (2021). Strength characteristics and
microstructure evolution of cemented tailings
backfill with rice straw ash as an alternative
binder. Construction and Building Materials
297,123780.

Wibowo, D. E, Ramadhan, D. A, Prayuda, H.
(2023). Soil stabilization using rice husk ash
and cement for pavement subgrade materials.
Revista de la construccion 22,192-202.

Yoobanpot, N. Jamsawang, P. (2014). Effect of
cement replacement by rice husk ash on soft
soil stabilization. Kasetsart Journal-Natural
Science 48, 323-332.

Zivari, A., Siavoshnia, M., Rezaei, H. (2023). Effect
of lime-rice husk ash on geotechnical
properties of loess soil in Golestan province,
Iran. Geo-Engineering 14, 20.



