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TOM TAT

Nghién ciru nay xem xét tiém nang cua tro bay (FA) dé thay thé cdc
hat min trong bé tong nhir mét danh gid trong phong thi nghiém vé vit
liéu cwong dé thap (CLSM). Sau cdc thi nghiém vé cdc tinh chat vit 1y
co ban cia FA, tro bay 16 dot dwoc thay thé bang cdc hat min dé thir
nghiém vita véi ty 1é thay thé la 0, 25, 50, 75 va 100%. Két qua cua thi
nghiém cho thdy cwong dé chiu nén va gid tri Ultrasonic pulse velocity
(UPV) ciia cdc mau bé tong déu giam khi ty 1¢ thay thé tang. Bén cach
do, dva trén viéc thur nghiém cadc mau CLSM véi luwong xi mang la 150
kg/m®, FA thay thé cdc hat min theo 1y 1é 0, 25, 50, 75 va 100% ,cdc két
qud cho thay viéc thay thé hon 50% cét liéu min bang FA lam suy gidm
ddng ké cdc thong sé ky thudt nhuw cuong dé nén, khoi lwong riéng, gid
tri UPV. Dya trén két qua cua thir nghiém, FA co co hoi thay thé cac
hat min ciia CLSM tuy nhién mirc dé thay thé khéng nén vuweot qud 50%.

1. PAT VAN PE

Tai Viét Nam, xu ly chit thai rin trong
nhiéu nim qua chﬁ yéu dua vao phuong phép
chén lip va Xep chdng, phuong phap nay
khong chi chiém dung dlen tich dat ngay cang
khan hiém ma con tiém 4n nhiéu rai ro cho
moi truong sinh thai nhu 6 nhidém dat, nude
ngam va khi thai doc hai [1]. Trong bbi canh
dan sb ngay cang gia ting va ap luc d6 thi hoa
manh mé&, nhu cau xir ly chét thai hiéu qua,
than thién voi moi trudng trd nén cép thiét
hon bao gid hét.

Nhim giam thiéu tic dong moi trudng,
Viét Nam d3 chuyén huéng sang cong nghé
d6t chat thai trong cac 16 d6t hién dai. Phuong
phap nay giup giam dang ké thé tich va khéi
luong rac thai so v6i chon ldp truyén thong
[2]. Tuy nhién, luong tro xi sau khi dot — dic
biét 1a xi day (bottom ash) va tro bay (fly ash
— FA) — van 1a mot thach thirc 16n trong quan
1y va xtr 1y chét thai tha cap [3].

Dé giai quyét vin dé nay, xu hudng tai sir
dung tro xi lam vat liéu xay dung dang duoc
nghién cuu rong rai. Trong d6, mot hudng di
day tiém nang 1a ung dung xi day va tro bay
trong san xuat vat liéu 14p c6 do bén thap co
thé kiém soat dugc (Controlled Low Strength
Material — CLSM). CLSM 1a loai vat li€u c6
kha nang tu 1ip, cuong d6 thap, d& dao x&i khi
can thiét, thuong dung dé tram ldp hd mong,
16 k¥ thuat hodc nén mong cho céc cong trinh
khong chiu tai trong 16n [4].

Xét vé thiét ké, CLSM khong doi hoi
nghiém ngat vé loai ¢bt lidu st dung, co thé
stt dung dat dao tai chd, cbt liéu ty nhién,
hodc cbt liéu tai ché nhu xi day [5]. Viée tan
dung cac vat lidu phé thai nay khéng chi gop
phan giam thiéu 6 nhiém méi trudng ma con
tiét kiém chi phi san xuét va tai nguyén thién
nhién. Bén canh do, tro bay tir 10 dbt ting so6i
dbt rac (Circulating Fluidized Bed — CFB)
cling 13 mot phu pham giau tiém ning dugc dé
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xuét dé thay thé mot phén cdt 1iéu min trong
hon hop CLSM [6].

So voi tro bay truyén thdng tir cac nha
may nhiét dién than, tro bay CFB c6 dic
diém khac biét vé thanh phan héa hoc, hinh
thai hat va hoat tinh pozzolanic [7, 8]. Tro
bay nhiét dién thuong dugc nghién ctru rong
rdii va ung dung nhiéu trong sin xuét Xi
ming, bé tong do c6 do6 min cao va tinh on
dinh tuwong ddi. Trong khi dé, tro bay CFB tir
dbt rac lai mang dén wu diém 16n vé kha
ning tan dung chat thai do thi, giam ganh
ning chén lap, song van ton tai thach thuc vé
tinh khong dong nhét va nguy co ton du cic
thanh phén c6 hai. Chinh vi vay, viéc nghién
cuu cac dac tinh 1y hoa cua tro bay CFB nay
khong chi lam rd gia tri khoa hoc ma con gop
phan nhén manh tinh cdp thiét trong viéc
khai thac, tai str dung tro bay dét rac cho cac
tmg dung xay dung bén viing.

Theo tiéu chuin ASTM D4832 [9] va
nghien ctru cua Hu¢ va cong sy [10], CLSM
can dap ung mot sO yéu cau k¥ thut nhu do
sut t6i thiéu 40 cm, do tham sau 24 gid khong
vuot qua 7,6 cm, cuong do chiu nén sau 28

ngay t6i da la 8,23 MPa va ham luong ion
clorua nhé hon hoac béng 0,15 kg/m®. Dua
trén cac yéu cau nay, nghién ctru hién tai tap
trung danh gia kha nang st dung tro bay lam
phu gia thay thé cbt liéu min trong CLSM,
nham tng dung vio cac cong trinh phi két cau
nhu t6n nén, lap hé ky thuat hodc cong trinh
ha tang phu tro. Qua do, nghién ctru ky vong
s€ gop phan thac day huéng tai st dung hiéu
qua chét thai sau d6t, giam thiéu tac dong moi
truong va nang cao hiéu qua ky thuat trong
xay dung.

2. PHUONG PHAP NGHIEN CUU

2.1. Pic trung tinh chit vat 1y va hoa
hoc ciia tro bay (FA) va cot li¢u

Trong giai doan dau, cac tinh chét vat 1y
va hoa hoc cua tro bay thu dugc tur 10 dbt
duogc tién hanh phan tich nhim danh gia kha
ning st dung 1am vat liéu hat trong hon hop
CLSM. Céc thi nghiém bao gdm:

- Tinh chét vat Iy: xac dinh d6 min, ti 18
bun, d6 hat nude. Két qua dugc trinh bay
trong Bang 1.

Bang 1. Tinh chit vat Iy ciia vat ligu CLSM

Cot liéu thod Cot liéu min Tro bay
Khéi luong riéng (tAn/m?) 2,74 2,75 2,12
D6 hiit nudc (%) 2,0 2,6 -
Ti 1é bun (%) 3,6 5,0 -
Ti 1& chét hitu co (%) 1,0 1~2 -

- Tinh chit héa hoc: thyc hién phan
tich thanh phan hoa hoc chu yéu gdém thi
nghiém chiét loc doc tinh TCLP (Toxicity
Characteristic Leaching Procedure) va thu
nghiém phan tich Di-osin dé dénh gia mirc do
an toan moi truong. Ké qua duoc trinh bay
trong Bang 2 va Bang 3.

Céc két qua phan tich phai tudn thu quy
dinh k¥ thuat chét thai kinh doanh do cho thay
FA du diéu kién sir dung 1am hat trong CLSM
dua theo bao cao cua ACI 229 [11].

C6t liéu min va cdt lidu thé duoc s dung
la da tu nhién duogc khai thac tor quang da va
thong qua ray sang dé phu hop véi kich thudce
tiéu chuan ASTM C33.
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Bang 2: Tinh chit hoa hoc ciia vét liéu CLSM

Nguyén t6  Két qua thi nghiém  Tiéu chuin (mg/L) Phwong phap nghién ctru
(mg/L)
o 0,137 ' 15,0 | '
Cd 0,017 1,0
Pb 1,37 5,0 NIEA R201. 15C
Cr 0.055 50 NIEA M104. 02C
. ’ ’ NIEAR314. 12C
Cr ND 2,5 NIEA R200. 10C
As 0,03 5,0 NIEA R208. 03C
Hg ND 0.2 NIEA R309. 12C
Se ND 1,0
Ba 9,95 100
Béng 3. Ti 1€ Dioxin cua vat licu CLSM
Mau Dioxin (ng-TEQ/g) Phwong phép
Két qua thi nghi¢m Tiéu chuin nghién ciru
Tro bay 0,027 1,0 NIEA M801. 13B

2.2. Panh gia tinh chét co hoc ciia vira
chira FA

O giai doan thtr hai, tro bay dugc su dung
dé thay thé mot phan cbt liéu min trong hon
hop vita theo thé tich v6i cac mirc thay thé 1an
luot 13 0%, 25%, 50%, 75% va 100%. Tat ca
cic mau vita dugc diéu chinh dé dat do sut
tiéu chuan (21 + 0,5 cm) nham dam bao tinh
dong nhét vé do linh dong. Thi nghiém duoc
thyc hién 1a thi nghiém do téc do siéu 4m
(Ultrasonic Pulse Velocity — UPV) nham danh
gia tinh toan ven cdu trac bén trong cia vat
ligu, d6 gian nd cua mau dé dam bao tinh on
dinh thé tich bé tong.

2.3. Thiét ké va thir nghiém hén hop bé
tong str dung cho vat liéu CLSM

Duya trén két qua tir giai doan vita, cac
thiét ké cap phdi CLSM dugc thyc hién véi
luong xi mang (binder) 1a 150 kg/m? bé tong.
Luong cbt lidu tho duge gilr ¢6 dinh & mirc
300 kg/m?. Tro bay duoc sir dung dé thay thé
c¢dt 1iéu min theo thé tich ¢ ty 1&: 0%, 25%,
50%, 75% va 100% véi tén cla cac mau theo
the toy FAVO, FAV25, FAV50, FAVT7S,
FAV100. Muc tiéu la dat d6 sut chuén (48 + 3
cm), dong thoi dam bao tinh thi cong va hiéu
qua kinh té. Ti 1& tron cua cic mau bé tong thi
nghi¢m duoc trinh bay trong Bang 4.

Cac thi nghiém trong giai doan nay bao
gé)m tinh chit cua vat liéu sau khi rin chéc
(Hardened Properties): cuong d0 nén & 28
ngay va ham lugng ion clorua (Chloride Ion
Content) dé danh gia d6 bén va tinh an toan
khi sir dung trong thuc té, khéi luong riéng
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ctia mau dé danh gia dé danh gia kha nang thi Céc thi nghiém dugc thuc hién dya trén
cong va thao do. cac tiéu chuan ASTM va CNS duoc trinh bay
trong Bang 5.

Bing 4. Ti I¢ trén ciia cic miu thi nghiém

Tén miu Ximiang Ham lwgng H’ém lwgng H’ém lwgng Nuéc
(ke/m?) tro bay cot liéu min  cot li¢u tho (ke/m?)
(kg/m?) (kg/m?) (kg/m?)

FAV0 150 0 225 300 60
FAV25 150 56,25 168,75 300 60
FAV50 150 112,5 112,5 300 60
FAV75 150 168,75 56,25 300 60
FAV100 150 225 0 300 60

Bang 5. Cac tiéu chuin thyc hién thi nghiém

Thi nghiém Tiéu chudn thuc hién  Twong duong TCVN
Kich thude cdt liéu ASTM C33 TCVN 7570:2006
Yéu cau cua vat lieu CLSM ASTM D4832 [11] -

Ti 1¢ Dioxin cua vat liéu CLSM NIEA M801. 13B -

Khéi luong riéng ASTM C642 TCVN 3113:2022
Do gidn nd CNS 15311 Tcl\g 07 5672'
Cudng do nén ASTM C39 TCVN 3118:2022

3. KET QUA NGHIEN CUU

3.1 Pj giin né ciia miu

Két qua d6 gidn nd cua cac mau vira khi sir dung tro bay thay thé cdt liéu min duoc thé hién
trong Hinh 1.
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Hinh 1. P9 giiin né ciia cac miu Kkhi sir dung tro bay thay thé c6t liéu min

Theo d6, c6 thé thdy xu hudng gia ting do
gidn no ty 18 thuan v6i mac do thay thé tro
bay. Cu thé, khi ting ty 1 tro bay thay thé cho
¢6t liéu min trong thanh phan hdn hop vira,
cac mau cho thiy su gia ting rd rét vé do gidn
n6 theo thoi gian. Piéu nay co6 thé dugc 1y giai
boi dac tinh vat ly va hoa hoc cua tro bay —
loai vat liéu co cau trac hat min, kha ning

phan Ung pozzolanic, va ham lugng

aluminosilicate cao, tir @6 lam anh huong dén
qua trinh thay hoa ciing nhu cdu tric vi mé
cua vira. Sy thay ddi vé thanh phé‘ln hat min
trong hdn hop din dén bién d6i trong su phan
bb 156 rong va cdu tric mang tinh thé, giy ra
hién tugng truong né 16n hon so v6i mau ddi
ching khong st dung tro bay. Hinh anh so
sanh do gian nd dugc trinh bay trong Hinh 2.

(a) FAVO0 sau 7 ngay

(b) FAV25 sau 7 ngay (c) FAVO sau 10 ngay (d) FAV25 sau 10 ngay

Hinh 2. P9 giiin né ciia cac méu Kkhi sir dung tro bay thay thé c6t liéu min

Ngoai ra, tro bay con c6 kha ning gil
nuéc va phan Gng cham, khién san phim
thay hoa phat trién kéo dai, tir d6 tao ap suét
noi tai va gop phan lam ting do gidn no cua
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mAu vira theo thoi gian. Két qua nay cho thay
viéc st dung tro bay tuy mang lai mot sb loi
ich vé moi truong va tinh bén viing, nhung
can duoc kiém soat chit chd vé ham lugng dé
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tranh anh huong tiéu cuc dén sy 6n dinh thé
tich cta vat liéu.

3.2 Cwong do chiu nén

Két qua thir nghiém cudng do chiu nén va
UPV dugc thé hién chi tiét trong Hinh 3. Hinh
anh thi nghiém cuong do chiu nén va UPV
dugc trinh bay trong Hinh 4 va Hinh 5. Thé
tich FA duogc tinh thay cho mot phén cbt liéu
min, va cac mau thtr duoc dic theo ty 1& FA
lan luogt 1a 25%, 50%, 75% va 100% so véi
tong khéi lwong vita. D& dam bao tinh dong
nhét, hdn hop vita duoc didu chinh ham luong
nude nhim duy tri do sut tiéu chuan & mue 21
+ 0,5 cm. Mau th nén dugc duc theo kich
thude tiéu chuan 14 5 x 5 x 5 cm.

Dua trén két qua thyc nghiém, nhan théy
rang cuong d6 chiu nén ctia mau vita co6 xu
huéng giam dan khi ting ty 1é tro bay thay thé
cho ¢dt liéu min, dic biét 1 rét & cac moc tudi
28 va 56 ngay. Nguyén nhan chinh la do viéc
thay thé FA lam gia ting nhu cAu nudc tron dé
dat duge do sut tiéu chuén, trong khi lugng
nuée du thira s& giy ra sy gia ting do rong
trong cAu tric vi md cua vat liéu, tir d6 anh
huong dén sy phét trién cuong d6 1au dai. Tuy
nhién, két qua tir phép do van tdc song siéu
am lai cho thdy van tdc truyén song cao nhat
tai tudi 28 ngay dat dwoc & miu cé ty 1& FA
thay thé 1a 25%. Piéu nay c6 thé 1y giai 1a do
viéc bd sung FA ¢ muc hop 1y gitp cai thién
su dong goi hat va lam giam khoang trong
giita cdc hat trong hdn hop, tir d6 1am ting
tinh dic chic va dong nhit cua miu. Tuy
nhién, khi ty 1¢ FA qua cao nhu ¢ mutc 75%,
luong FA 16n két hop v6i ham lugng nudc bd
sung nhiéu hon s& 1am tang cac 16 rdng, khién
cAu tric tré nén x6p hon va lam giam hiéu
qua truyén song siéu Am. Piéu nay phan anh
16 rang mdi twong quan giira ty 18 thay thé
FA, do dic chic cua cu tric va cac chi tiéu

co 1y nhu cuong do nén va van téc song si€u
am trong cac mau vira.

Céc nghién ciru nay ciing chi ra rang viéc
b6 sung tro bay & mirc vira phai (thuong trong
khoang 15-30%) co thé cai thién do dic chic
nho hiéu tmg dién day va phan tmg pozzolan &
giai doan déu, tir 6 cai thién mot sb chi tiéu co
ly. Tuy nhién, khi ham lugng tro bay tang qua
cao, ciu tric vi md tré nén kém dic chic hon,
dan dn sy suy gidm 10 rét cuong do co hoc.
Piém khac biét trong nghién ctru hi¢n tai 1a
mic di xu hudng téng thé twong dong, song sy
sut giam cuong do xay ra som hon khi ty 1€ tro
bay dat muac 50%, trong khi & [12], [13] hién
tuong nay chi & rét & muc thay thé >60%.
Nguyén nhan c6 thé do dic diém tro bay CFB
sur dung trong nghién ctru c6 kich thudce hat tho
hon, do hoat tinh pozzolanic thép hon so voi
tro bay truyén thdng, 1am han ché kha niang bu
ddp cuong do.

DPéi voi két qua van toc xung siéu am
(UPV), mot hién tuong dang chu y 1a & mau
FA25, gia tri UPV & 28 ngay dat cao nhat
(3788 m/s), mac du cuong do nén chua phai
cao nhit. Piéu nay phan anh rang UPV khong
chi phu thudc vao cuong dd co hoc ma con
chiu anh huong manh tir tinh dong nhat va
muc d6 dic chic vi mo cua vat liu. Nhu di
dugc nhan manh trong [14], mot mau co do
ddc chic cao, 16 rong nho va phan bd déu co
thé cho gia tri UPV 16n, ngay ca khi cudng do
nén khong cao tuong ung. Nguogc lai, ¢ cac
mau FA75 va FA100, mic du cuong do van
duy tri & muc nhit dinh, nhung sy gia ting 15
rong va tinh khéng déng nhit trong cdu trac
da lam giam déng ké toc do truyén song siéu
am. Diéu nay 1y giai hién tuong “UPV cao
nhung cuong do thip” va cho thiy can két
hop dong thoi ca hai chi tiéu dé danh gia
chinh xac chat lugng vat liu.
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Hinh 3. Két qua thir nghiém cwong dé chiu nén va UPV trong 28 ngay va 56 ngay

Hinh 4. Hinh anh thi nghiém do cwong do chiu nén trong 28 ngay va 56 ngay

Mixing Mortar Prepare mortar specimen
ASTM C305 (5cmx5cmx5cm)

Hinh 5. Hinh dnh thi nghiém do UPV trong 28 ngay va 56 ngay

3.3 Két qua khéi lwong riéng

Két qua vé khdi luong riéng ctia cac mau bé tong cudng do thap (CLSM) khi sir dung tro bay

thay thé mot phan cdt liéu min duogc trinh bay trong Hinh 6 va Hinh 7.

‘ Conduct the UPV test
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Khoi lugng riéng
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Hinh 6. Khéi lhrgng riéng cic miu CLSM sir dung tro bay

Mixing Mortar
ASTM C305

Oven dry
(110°C)

Immersion to water
(2 days)
% LN

Boiling in water
(5 Hours)

. Weight in water

Hinh 7. Khdi lwong riéng cac miu CLSM sir dung tro bay theo ASTM C642

Qua s6 liéu thu duge, co thé quan sat
thdy xu huéng giam dan khdi luong riéng
ctia cac mau khi ty 1é tro bay thay thé ting
1én. Hién tugng nay c6 thé dugc giai thich
dya trén dac tinh vat ly cua tro bay: tro bay
la mot loai vat liéu cé cdu tric réng, hinh
cau va co6 khéi luong riéng thip hon dang ké
so v&i cbt lidu min tu nhién nhu cat. Khi
tang ty 1& tro bay trong hdn hop, cac hat tro
bay thay thé dan cac hat cdt liéu min nang
hon, din dén su sut giam téng thé vé khoi
lugng riéng ctia mau.

Ngoai ra, viéc sir dung tro bay co thé lam
ting do rong bén trong hon hop CLSM do kha
nang phan bd khong dong déu cua cac hat min
va hinh dang ciu cua tro bay lam giam mat do
dong goi. Pidu nay ciing gop phan lam giam
khéi luong riéng ctia mau. Tuy nhién, mirc do
anh huong con phy thudc vao cip phdi, ty 16
nudc/xi mang va phuong phap tron. Sy giam

khéi luong riéng nay cé thé mang lai loi ich
nhat dinh trong cic tng dung yéu ciu tai
trong thip hodc cai thién kha ning thi cong,
dic biét 1a trong cac cong trinh nén mong
hoic lap day k¥ thuat.

4. KET LUAN

Duya trén két qua thi nghiém vita va hdn
hop dat xi ming chay (CLSM), viéc st dung
tro bay (FA) thay thé mot phan cot liéu min
cho thdy nhiéu tiém ning trong cai thién tinh
chét cua vat liéu. Cuong do chiu nén cua vira
tai 28 va 56 ngdy tudi c6 xu huéng giam khi
FA dugc sir dung, do viéc thay thé nay lam
ting nhu cau nudc tron dé duy tri do linh
dong, tir d6 anh huong dén cuong d6. Tuy
nhién, két qua do van tbc - song siéu am (UPV)
tai 28 ngay cho thdy mau chira 25% FA ¢6
van tdc cao nhat, phan anh mat do Vat li¢u cao
hon, chimg t6 FA c6 thé cai thién céu triic vi
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mo khi dugc st dung & muc hop ly. Nguoc
lai, ty 18 thay thé FA qua cao 1am ting do rong
do lugng nudc bd sung 16n, anh huéng tiéu
cuc dén chit luong vat liéu. D6i v6i hon hop
CLSM, céc dic tinh ctia hoén hop twoi nhu do
sut (40-60 cm), do Iun sau 24 gid, ham lugng
ion clorua, khéi luwong thé tich va ham luong
khong khi déu dat yéu cau ky thuat. V& cac
tinh chit co hoc & trang thai ran, cuong do
chiu nén tai 28 ngdy cho thdy ¢ mac ham
luong xi mang la 150 kg/m* va ty 1& thay thé
FA tir 0% dén 100%, cuong do nén nam trong
gidi han tiéu chuén (0,7-8,23 MPa). Pang chu
¥, miu thay thé trén 50% cdt liu min bang
FA c6 cudng d6 thp hon 2,5 Mpa va c6 khéi
luong riéng suy giam dang ké, cho thiy viéc
chi nén thay thé khoang 50% tro bay CFB khi
san xuat vat lieu CLSM dé dam bao do dong
nhat cta khoi luong, thé tich va cuong do.
Téng hop cac két qua cho thiy tro bay la vat
lidu c6 tiém nang cao trong viéc thay thé cot
li¢u min, gop phan san xuat CLSM than thién
vO1 moi truong va nang cao hiéu qua su dung
phé thai cong nghiép trong xiy dung. Bén
canh do, viéc st dung tro bay CFB thay thé
¢6t 1iéu min phu thudce nhiéu vao ty 18 thay the
va diéu kién tron. Do d0, cac nghién ctru tiép
theo s€ tap trung vao khao sat sdu hon anh
huong cua cac loai phu gia khoang va phu gia
hoa hoc khac nhau nhu phy gia chdng tham,
phu gia tang cuong d6 nén som hodc thay d6i
ti 1& tron nham tdi wu dong thoi gia thanh, tinh
cong tac va cuong do lau dai cua bé tong. Bén
canh d6, nghién ctru tiép theo ciing tién hanh
danh gia hiéu suit cia FA trong cac diéu kién
thuc té cong trinh, bao gém do bén lau dai
(khang xam thyc sunfat, clo, cacbonat hoéa)
nhim x4y dung co so khoa hoc cho viéc tmg
dung rong rdi tro bay CFB trong san xuit
CLSM tmg dung vao cac cong trinh cau, céng
thoat nude, dé ngan man.
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USING CIRCULATING FLUIDIZED BED FLY ASH TO REPLACE FINE
AGGREGATE FOR CLSM
ABSTRACT

This study investigated the potential of fly ash (FA) to replace fine aggregates in concrete as part of a
laboratory evaluation of Controlled Low Strength Material (CLSM). After conducting tests on the basic
physical properties of FA, fly ash from fluidized bed combustion (CFB) was used to replace fine
aggregates in mortar and concrete at replacement ratios of 0, 25, 50, 75, and 100%. The experimental
results indicated that both the compressive strength and Ultrasonic Pulse Velocity (UPV) of the concrete
samples decreased as the replacement ratio increased. In addition, based on CLSM mixtures with a
cement content of 150 kg/m> where FA replaced fine aggregates at the same ratios (0, 25, 50, 75, and
100%), the results showed that replacing more than 50% of the fine aggregate with FA significantly
reduced key performance parameters such as compressive strength, density, and UPV. Based on these
findings, FA shows potential as a substitute for fine aggregates in CLSM; however, the replacement level
should not exceed 50%.

Keywords: Business waste, Controlled low-strength materials, CLSM, Incinerator fly ash.
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