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Nghién cizu nay sir dung xi ddy cua 10 dot rac thay thé cét ti nhién trong san xudt vira
xay dung. CAc mau vira duoc thiét ké véi do linh déng trong khodng 175+205 mm, s dung
xi mang, tro bay, silica fume Iam chdt két dinh, va si dung xi ddy d@é thay thé lan licot 0%,
25%, 50%, 75% va 100% cét ti nhién theo khdi luwong. Két qud thuc nghlem cho thdy, khoi
lwong the tich, cieong dg chiu nén, curong dé chiu uén va vdn toc truyén xung siéu am cua
C4C mau vira glam trong khi d¢o hat nuoc tang khi tiing ham heong xi ddy. Cac mdu vira Sit
dung xi day déu dat chat leong theo yéu cau ky thudt véi cieong dé chiu nén Ién hon 30 MPa
VA gi4 tri vdn téc truyén xung siéu am lén hon 3000 m/s. Nghién cizu ndy cho thdy, véi su
c6 mat cua silica fume trong ty Ié trgn viza, ¢ thé sir dung xi day 10 dot rac dé thay thé 100%
cat tr nhién trong san xudt viza xay dung.

Tir khoa: Xi ddy 10 dot réc, cat ty nhién, silica fume, vira xay dung, curong dg chiu nén.
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1. PAT VAN BE

Trong x& hoi ngay cang phat trién, tc do do thi hoa ciing ngay cang ting, xt Iy rac
thai d6 thi cling dang 1a mot vin dé hét st cap thiét. Theo thong ké cua Ngan hang thé gidi,
luong rac thai sinh hoat tai cac do thi trén toan cau nim 2016 khoang 2 ty tan, va dy bao dén
nam 2050 ting 1én khoang 3,4 ty tin [1]. Tai Viét Nam, mdi ngay ¢ khoang 64.000 tin chat
thai ran sinh hoat dugc thai ra tai cac thanh phé I6n [2]. Hién tai cac chat thai rin nay chu
yéu duoc chon 1ap tai cac bai chua réc thai hodc duoc xur 1y trong cac 1o dot rac. Ty 16 rac
thai sinh hoat dugc xir 1y trong cac 10 dt rac trén toan cau dat khoang 34% [3], chu yéu &
cac nudc phét trién, & Viét Nam ty 18 nay dat khoang 29% [2]. C6 nghia 1a van con mot
luong rét 16n réc thai sinh hoat duoc luu giit tai céc bai chira rac thai. Tham chi & mot sé
qudc gia phat trién nhu My, Hy Lap, Anh, Phan Lan, Uc, Han Quéc, Ba Lan va Pai Loan,
ty 1& réc thai sinh hoat duoc chdn I4p tai cac bai rac van chiém ty 1& 16n, khoang 52+95%
[4,5], ty 1€ nay & Viét Nam khoang 71% [2]. Vi viéc d6 thi hoa ngay cang ting, lugng rac
thai sinh hoat cling khong ngtrg tang 1én theo thoi gian, nguy co cc bai chira rac thai qua
tai dang rat hién hiru. Hon nita, viéc luu trit réc thai sinh hoat tai cac bai chua tiém an nhiéu
nguy co gdy 6 nhidm mai truong khi cac chat thai hiru co phan huy c6 thé tao nén cac khi
ga gay hiéu tng nha kinh, 1am 6 nhidm ngudn nudc ciing nhu 6 nhiém méi truong dat [6].
Trong khi dé, phuong phéap xur Iy rac thai sinh hoat bang 16 dét rac c¢d thé 1am giam dén 90%
thé tich rac thai. Chinh vi vay, hién nay phuong phap nay dang duoc nhiéu nuéc quan tam
va phat trién, nham xir Iy mét luong 16n réac thai sinh hoat dwoc thai ra hang ngay.
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Mt khia canh khéc cua téc do do thi hoa la nhu cau sir dung cac vat liéu xay dung ngay
cang tang phyc vy cho qua trinh Xay dung cac co so ha tang Trong d6, cat duogc biét dén 1a
vt liéu truyén thong sir dung 1am ¢t liéu nho trong san xuat vira va bé tong, ciing nhu c6 thé
str dung dé san 1ap nén. Theo wdc tinh, hang ndm trén toan thé gidi tiéu thu khoang 51,7 ty tan
cHt liéu duing trong xay dyung, va mdi ndm nhu cau tiéu thu lai ting thém khoang 5,2% [7]. Tai
Viét Nam, theo bao céo ciia Bo Xay dung, hién nay nhu cau st dung cat da vurot qua kha ning
cung ung [2], vi vay hién tuong khai thac cat trai phép dién ra phuc tap. Sy khai thac qua mic
cét ty nhién dan dén hién tugng x6i 16 by séng, 1am 6 nhidm moi truong nude cing nhu anh
huong dén méi trudng cua cac loai thay sinh [8]. Do vy, viéc tim kiém loai vt liéu khac cé
tiém ning thay thé mot phan hoic toan bo cét ty nhién Ia rat cip thiét.

Qua trinh d6t rac thai sinh hoat tai cac 10 dét rac tao ra tro bay (khoang 20% téng khéi
lwong tro xi) va xi day (khoang 80% tong khéi Iwong tro xi), trong khi ham lwgng céc chat doc
hai (cha yéu 1a kim loai nang) ton tai trong tro bay khé cao thi ham lugng nay trong xi day
dugc cho 1a dudi ngudng an toan [9,10]. Mot s6 nghién ctu trude da cho rang, xi day 1o dbt
réc cd céc tinh chat vat Iy va thanh phan héa hoc twong tu nhu cat tu nhién, do vay chiing hoan
toan c6 thé sir dung dugc trong bé tong ciing nhu vira xay dung [11, 12] Tuy nhién, chat lugng
cua xi day cua cac 16 ddt rac 1a khac nhau, phu thugc nhiéu vao nguon réc thai dau vao ciing
nhu cong nghé dét, din dén anh huong cua ching 1én cac tinh chat ki thuat cua bé tong va
vita ciing khac nhau. Hon nira, c&c nghién ctu vé tai sir dung xi day 10 dot réc trong san xuat
vt liéu xay dung ¢ Viét Nam con han ché. Hién tai c6 nghién ciru ciing da dé cap dén van dé
st dung "Tro day 16 d6t rac 1am cét liéu min trong san xuét vira xay dung tuy nhién méi chi
dirng lai & viéc: Panh gia d6 bén va cau trdc vi md" cia cac mau vira [2]. O nghién ciu nay
nhom tac gia ciing nghién ctu V& viéc sir dung xi day cua 10 dét rac thay thé cét ty nhién trong
san xuat vira xay dung nhung s& danh gia day du hon thong sé ky thuat ciia cac mau vira xay
dung, bao gom: khdi lwong thé tich vira twoi, khéi lwong thé tich vira kho, do hit nude, cuong
d6 chiu nén, cuong do chiu uén, van tc truyén xung siéu am.

Dé tai sir dung xi day 10 d6t rac ciing nhu tim kiém loai vat liéu méi cd thé 1am cét liéu
nho trong san Xuat vat liéu xay dung, nghién cau nay sur dung xi day cua lo d6t rac dé thay thé
mét phan hoic toan bo cat tu nhién trong san xuat vira xay dung. Anh huéng cua ham lrong
xi déy 10 a6t rac 18n mot s6 tinh chat co 1y cua vita nhu khéi lwong thé tich, cuong d6 chiu nén,
cuong do chiu udn, van téc truyén xung siéu 4m va do hut nude duoc nghién cau.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM
2.1. Vat liéu

Thanh phan ciu tao nén vira bao gom chat két dinh, ¢ét lidu nho, nuée va phu gia siéu
déo. Nghién ciru ndy, st dung xi mang, tro bay va silica fume l1am chét két dinh, cét song tu
nhién va xi day 16 d6t rac 1am ¢t liéu nho. Xi méang st dung Ia loai Nghi Son PCB40, ¢6 khdi
lwong riéng 1a 3,12 T/m?, hinh anh vi cau trdc cia xi mang dwoc thé hién trén hinh 1(a). Tro
bay duoc |y tai Nha may Nhiét dién Nghi Son 1 ¢6 khdi lwong riéng la 2,16 T/m?, trong khi
silica fume duoc cung cap boi Cong ty C6 phan IPRO c6 khdi luong riéng la 2,2 T/me. Hinh
anh vi ciu trc cua tro bay va silica fume dugc thé hién 1an Iuot trén hinh 1(b) va 1(c). Quan
sét trén hinh 1 ta thay, tro bay va silica fume c6 nhiéu hat nho hinh cau, trong khi céc hat xi
mang c6 hinh dang goc canh khong ddng déu. Cat dwoc mua tir cac mo cét trén séng M4, c6
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khéi Iugng riéng 1a 2,62 T/m®, trong khi xi day 10 dbt rac duoc lay tai 16 ddt rac trén dia ban
tinh Thanh Hoa c6 khéi lwong riéng 1a 1,86 T/m. Do hat nudc cua cat va xi day lan Iuot 1a
0,42% va 12%. Hinh anh vi ciu trc cua xi day duoc thé hién trén hinh 1(d). C6 thé thiy rang,
Xi day c6 cdu tric xop va rdng nhu t6 ong, 1 nguyén nhan chinh dan dén khéi luong riéng
thap va do hut nudc cao so vai cat séng tu nhién. Didu ndy s& lam giam chit lugng cua vira
khi sir dung xi day thay thé cat, do véy silica fume va tro bay von cé nhiéu hat min duoc st
dung dé giup dién day céc 156 rdng ndy, nham cai thién chat luong cua vira. Cat va xi day déu
duogc sang qua rdy sang dé lay cac hat c6 kich ¢& tir 0,15 mm dén 1,25 mm, dép ung theo
TCVN 4314-2022 [13] cho vira hoan thién. Phu gia siéu déo la loai Sikamen NN c6 tac dung
giam nudc, ¢6 khdi lugng riéng 1a 1,15 T/m?, trong khi nudc may dwoc st dung trong qua
trinh tron mau. Nudc va phu gia siéu déo dugc tron déu trude khi cho vao tron.

_ IProbe= 25pA  Date 26 Nov2022 Time:15:33:37 | 10um - IProbe= 25pA  Dafe:26 Nov2022 Time:16:02:43
Mag= 1.00KX ""E2” ook Hong Duc University H Mag= 1.00KX ""gr” 500 b Hong Duc University

(a) Xi mang

(b) Tro bay
3 :
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(c) Silica fume (d) Xi day 1o @6t réc

Hinh 1. Hinh anh vi ciu trdc caa xi méing, tro bay, silica fume va xi day 10 dot rac
2.2. Thiét ké thanh phan cap phéi ciaa vira

Thanh phan cap phéi ciia cac mau vira dugc trinh bay trong bang 1. Mau ddi chiing 1BAOO
duoc thiét ké voi ty 16 nuéc/chat két dinh bang 0,21, ham lwong cét sir dung bang tong ham
lugng céc chat két dinh, trong khi cac chat két dinh bao gom 70% xi mang, 15% silica fume va
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15% tro bay. Ham lugng phu gia siéu déo dugc xac dinh duya trén thuc nghiém dé do chay xoe
cua mau dat trong khoang 175+205 mm, dap tng theo TCVN 4314-2022 [13]. Tiép theo, sir
dung xi day 10 dét rac thay thé lan Tuot 25%, 50%, 75% va 100% cat tu nhién dé duoc cac mau
IBA25, IBA50, IBA75 va IBA100. Chii y ring, xi day sau khi 14y vé duoc phoi khé, sau d6 sang
dé lay cac hat co kich thudc 0,15+1,25 mm, do vay khi sir dung can phai tang thém luong nudc
dé bu lai lugng nudc bi hap thu do d6 hut nuéc cua xi day cao. Cling co thé bu lai lugng nudc
nay bang cach ngam xi day trong nudc dén do bio hoa nudc rdi dem di st dung [2]. Ham lugng
phu gia siéu déo ciing dugc didu chinh dé cac mau cé chung do linh dong tir 175 mm dén 205
mm, dép tng theo TCVN 4314-2022 [13]. Sau d6, quy ham lugng cua cac vat lidu dau vao vé
cho 1 m® vita duoc thanh phan cap phbi nhu trinh bay trong bang 1.

Biang 1. Thanh phan cap phéi caa vira

Thanh phan cap phdi (kg/m®)

TT Ténmau - ) Phu gia
Ximang Silicafume Trobay Cat Xiddy Nuoc j

siéu déo
1 IBAOO 717 154 154 1024 0 213 29,4
2 IBA25 677 145 145 725 242 217 30,3
3 IBAS50 636 136 136 454 454 226 31,6
4 IBAT5 595 127 127 212 637 241 324
5 IBA100 562 121 121 0 803 249 32,6

2.3. Chuan bi mau va phwong phap thi nghiém

Cac hdn hop vita duoc chuan bi theo thanh phan nhu Bang 1, dugc tinh toan khéi lwong
phl hop cho 01 mé tron. Ban dau cho cac vat liéu kho vao tron déu trude, sau d6 cho hdn hop
nudc va phu gia siéu déo vao tron dén khi dat do ddng nhat va dat do linh dong nhu yéu cau
trén. Sau khi kiém tra do linh dong dat thi tién hanh xac dinh khdi lugng thé tich vira tuoi,
ddng thoi sir dung cac khudn thép va khudn nhua khac nhau dé duc cac mau phd hop Véi
phuong phap thi nghiém. Cac tinh chat caa vira dugc nghién ciru bao gom khéi lugng don vi
thé tich, cudng do chiu nén, cudng d6 chiu uén duge xac dinh theo TCVN 3121-2022 [14],
d6 hat nude duge xac dinh theo TCVN 3121-2003 [15] va van tdc truyén xung siéu am duoc
xac dinh theo ASTM C597 [16]. Luu y rang, tai thoi diém 1én ké hoach thi nghiém, TCVN
3121-2022 [14] chua dugc ban hanh, do vay cac thi nghiém dugc thuc hién dua trén TCVN
3121-2003 [15], co ban TCVN 3121 phién ban nam 2003 va 2022 giéng nhau, chi khac vé
phuong phap xac dinh d6 hit nuéce. Hinh 2 minh hoa cac mau kich thudc 40x40x 160 mm dé
xéc dinh cuong do chiu ubn va chiu nén cua vira theo TCVN 3121-2022 [14]. Khéi lwong thé
tich vira twoi duoc xac dinh ngay sau khi tron mau, khdi lugng thé tich vira khé va do hit nuéc
duogc xac dinh tai 28 ngay tudi. Cuong do chiu udn va van toc truyén xung siéu am duoc Xac
dinh tai 14 va 28 ngay tudi, trong khi cudng d6 chiu nén dugc xac dinh tai 3, 7, 14 va 28 ngay
tudi. Gié tri trinh bay trong bai bao la gia tri trung binh ciia 3 mau thir.
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Hinh 2. Hinh anh cac mau vira sau khi thao khuon

3. KET QUA VA THAO LUAN
3.1. Khéi lweng thé tich

Khéi lwong thé tich vira twoi va vita kho duoc thé hién trén Hinh 3. Khéi luong thé
tich vira twoi ctia cac mau chaa 0%, 25%, 50%, 75% va 100% xi day lan luot 12 2230 kg/m?,
2130 kg/m®, 2065 kg/m®, 1963 kg/m?® va 1879 kg/m®. Tuong tu, khdi lwong thé tich vira kho
ctia C4c mau nay lan luot 12 2161 kg/m®, 2013 kg/m?, 1911 kg/m?®, 1821 kg/m®va 1717 kg/m?.
Nhin chung, khi luong thé tich vira khé giam so véi khdi luong thé tich vira twoi, didu nay
1a do lwong nuéc thira khdng phan tng hét trong qué trinh thuy hoa bay hoi, 1am giam khoi
luong cua vira. Mat khac, khi ting ham luong xi day thay thé cét, khdi luong thé tich vira
twoi va vira kho déu giam. Diéu nay 1a do khéi luong riéng cua xi day (1,86 T/m®) nho hon
so véi khéi lwong riéng cua cét (2,62 T/m%). Hon nita, xi ddy c6 do hit nudc cao (12% so
véi 0,42% cua cat), khi dac mau phai thém nude dé dat duoc do linh dong theo yéu cau,
luong nude nay duogce luu giit trong cac 16 rdng cua xi day, khi sy kho lwong nudc nay bay
hoi 1am giam khéi lugng cua vira. Khi thay thé 25%, 50%, 75% va 100% cat bai xi day, khoi
luong vira kho giam lan luot 12 6,8%, 11,6%, 15,8% va 20,6% so voi mau dbi ching. Khéi
lwong vira giam gop phan giam tai trong tac dung 1én cong trinh, day 1a mot vu diém cua
viéc sir dung xi day thay thé cat.
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Hinh 3. Khéi lrgng thé tich
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3.2. Cwong d¢ chiu nén

Cuong do chiu nén cia cac mau vira sir dung xi day 10 d6t réc va mau dbi ching duoc
thé hién trén hinh 4. Mau di ching c6 cuong do tai 28 ngay tudi dat 50,8 MPa, trong khi
cac mau khac cé cuong do lan luot 12 45,8 MPa, 41,6 MPa, 40 MPa va 30,1 MPa tuong tng
v6i ham lugng xi day 1o dbt rac 25%, 50%, 75% va 100%. C6 nghia la, khi st dung xi day
10 dbt rac thay thé cat tu nhién véi cac ham lugng nhu trén, cuong d6 chiu nén giam lan luot
14 10%, 18,1%, 21,1% va 40,8%. Sy giam cuong do chiu nén nay do hai nguyén nhan sau:
1) cac hat xi day von xop va nhiéu 16 rdng, 1am giam tinh dic chic cua vira, 2) véi do hit
nudc cao, luong nude can thém vao lon dé vira dat d6 linh dong, do vay ty 1€ nugc/chat két
dinh cua cac mau co xi day cao hon mau ddi chang (bang 1). Tuy nhién, cudng do cua cac
mau vita trong nghién ciru ndy van dat trén 30 MPa, thoa man theo yéu cau ky thuat cua vira
xay duyng duoc quy dinh trong TCVN 4314-2022 [13].
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Ngay tudi (ngay)
Hinh 4. Cwong d¢ chiu nén
3.3. Cwong dd chiu udn

Cudng d6 chiu udn tai 14 va 28 ngay tudi ciia cAc mau vira dugc thé hién trén Hinh 5.
Cé4c mau vira co cuong do chiu udn phat trién theo thoi gian, tuy nhién khi ting ham luong
xi day, cuong do chiu udn c6 xu hudng giam. Xu hudng nay twong tu nhu két qua cua
T.P.Huynh, S.H. Ngo (2022) [2]. Nguyén nhén cuia hién tuong co hoc nay twong ty nhu da
duoc chi ra & phan két qua chiu nén, d6 1a do d6 xdp va do rdng ciia cac hat xi day cao, ty 18
nuoc/chat két dinh cuia cAc mau vita tang khi taing ham luong xi day. Tai 28 ngay tudi, cudng
d6 chiu uén cua mau di chung 1a 13,8 MPa, trong khi cac mau khac co cuong do chiu un
129,1 MPa, 7,0 MPa, 6,6 MPa va 6,1 MPa tuong trng V&1 ham lugng xi day 25%, 50%, 75%
va 100%. Cudng do chiu udn ciia cac mau vira trong nghién ciru nay ciing twong dong véi
két qua tir cac nghién ciu ciia T.P.Huynh, S.H. Ngo (2022) va V.D. Nguyen, S.H. Ngo, V.L.
Nguyen, T.P. Huynh (2023) [2][17].
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Hinh 5. Cwong dé chiu uén
3.4. Van tdc truyén xung siéu am

Hinh 6 thé hién két qua xac dinh gia tri van toc truyén xung siéu am ctia cc mau vira tai
14 va 28 ngay tuoi. Twong tw nhu cudng d6 chiu nén va cudng do chiu udn, gia tri van tc truyén
xung siéu am ting theo thoi gian nhung giam khi ting ham luong xi day. Gia tri van tdc truyén
xung siéu am ting theo thoi gian 1a do céc phan ung thay hoa tiép tuc dién ra theo thoi gian, 1am
tang d6 ddc chac cua vira. Mat khac, d6 rong cao cia cac hat xi day 1a nguyén nhan dan dén sy
giam gia tri van toc truyén xung siéu &m ciia c&c mau vira cd sir dung xi day. Tai 28 ngay tudi,
gi tri van toc truyén xung siéu am caa mau ddi ching 1a 4473 m/s, trong khi cac mau st dung
25%, 50%, 75% va 100% xi day c6 gia tri van toc truyén xung siéu am twong ung 1a 3708 m/s,
3325 m/s, 3170 m/s va 3098 m/s. Theo phan loai chat luong vira cua Khatib va cac cong su [18],
cac mAu vira st dung xi day trong nghién ciru ndy c6 gid tri van toc truyén xung siéu am trong
khoang 3000 + 3500 m/s duoc xép vao loai ¢6 chit luong dam bao theo yéu cau ki thuat. C6
nghia 13, néu dira vao cuong do chiu nén va gié tri van tdc truyén xung siéu am nhu d trinh bay
& trén, c6 thé str dung xi day 10 ddt rac dé thay thé dén 100% cét ty nhién trong san xuit vira xay
dung. Dé c6 két qua nay, vai tro cua silica fume trong thanh phan vira Ia rat quan trong, gitp
dién day vao cac 15 rong cia xi day, tir d6 ting do dic chic cho vita, giit cho cudng do chiu nén
Va gié tri van tdc truyén xung siéu m cia vira dap tmg duoc cac yeu cau ky thuat.
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Hinh 6. Van toc truyén xung siéu am
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3.5. D) hiit nwéc

Do hut nuéc cua vira tai 28 ngay tudi duoc thé hién trén Hinh 7. Nhin chung, do hat
nude c6 xu hudng ting khi ting ham luong xi day 16 dét rac. Hién twong nay 1a do dé rdng
I6n cua cac hat xi day nhu da duoc trinh bay ¢ trén. Khi tron mau, cac 15 rong nay hap thu
mot lwong nudce 16n, dén khi mau kho thi bay hoi va thoat ra ngoai dé lai cac 16 rdng. Khi
ngam nudc, cac 16 rdng nay lai hit nudc tro lai 1am ting d6 hut nuée cua vira. Xu huéng va
gi tri do hut nudc cua cac mau vira trong nghién ctu nay co ban twong ddng véi nghién ciru
truge [2]. Trong nghién ciru trudce, khi sir dung tir 0% dén 100% xi day 16 d6t rac thay thé
cét nghién, d6 hut nudc cua cac mau vira ting tir 4,1% dén 12,3%.
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12+
a.{?\_ -
g 10
= 8
=5 L
= gL
I
4r 27
N
0 0
HEqu'-:;mg ®i daw l{%}
Hinh 7. D6 hiat nwéc
4. KET LUAN

Nghién ciru nay st dung xi day 16 ddt rac trén dia ban tinh Thanh Hoéa dé thay thé
25%, 50%, 75% va 100% cét tu nhién trong san xuit vira xay dung. Anh huéng cua ham
luong xi day 1én mot sé tinh chét co Iy cua vira nhu khéi lugng thé tich, cudng do chiu nén,
cuong do chiu udn, van téc truyén xung siéu am va do hat nude dugc nghién ciu. Mot sb
két luan chinh dugce rat ra nhu sau:

Str dung xi day 10 dét réc giap giam khéi lugng thé tich cua vira, tir d6 giam tinh tai
tac dung lén cong trinh;

Khi ting ham luong Xi day, cuong do chiu nén, cudng d6 chiu uén, van téc truyén
Xung siéu dm cua cAc mau vira ting va do hat nudc giam;

Céac mau vira trong nghién ctru niy c6 cuong do chiu nén I16n hon 30 MPa, thoa man theo
yéu cau k¥ thuat duoc quy dinh theo TCVN 4314-2022 va gia tri van tc truyén xung siéu am
I6n hon 3000 m/s, dugc phan loai la vira c6 chat lwong dam bao theo yéu cau ky thuat;

Véi su 6 mat cua silica fume trong ty 18 tron vira c6 thé sir dung 100% xi day 16 @t
rac dé thay thé cat trong san xuat vira xay dung ma van dam bao vira dat cudng do6 chiu nén
theo yéu cau.

76



TAP CHi KHOA HQC TRUONG PAI HQC HONG DUC - SO 74 (03.2025)

p-1SSN 3030 - 4628
e-1SSN 3030 - 4636

[1]
[2]

[3]
[4]

[5]
[6]

[7]

[8]
[9]

[10]

[11]

[12]
[13]
[14]
[15]
[16]

[17]

[18]

TAI LIEU THAM KHAO

S. Kaza, L. Yao, P. Bhada-Tata, F.V. Woerden (2018), What a Waste 2.0: A Global
Snapshot of Solid Waste Management to 2050, World Bank Publications.

T. P. Huynh, S. H. Ngo (2022), Waste incineration bottom ash as a fine aggregate in
mortar: An assessment of engineering properties, durability, and microstructure,
Journal of Building Engineering, 52, 104446.

C.S. Psomopoulos, A. Bourka, N.J. Themelis (2009), Waste-to-energy: A review of
the status and benefits in USA, Waste Management, 29, 1718-1724.

D. Laner, M. Crest, H. Scharff, JW.F. Morris, M.A. Barlaz (2012), A review of
approaches for the long-term management of municipal solid waste landfills, Waste
Management, 32, 498-512.

S. Renou, J.G. Givaudan, S. Poulain, F. Dirassouyan, P. Moulin (2008), Landfill leachate
treatment: Review and opportunity, Journal of Hazardous Materials, 150, 468 - 493.

S. Mukherjee, S. Mukhopadhyay, M.A. Hashim, B. Sen Gupta (2015), Contemporary
environmental issues of landfill leachate: Assessment and remedies, Critical Reviews
in Environmental Science and Technology, 45, 472-590.

World Cement (2016), World demand for construction aggregates to reach 51.7 billion
tons, Palladian Publications, Surrey, UK, https://www.worldcement.com/europe-
Cis/18032016/World-demand-construction-aggregates-billion-717/ (truy cap 25/11/2024).
N. Sathiparan, H.T.S.M. De Zoysa (2018), The effects of using agricultural waste as partial
substitute for sand in cement blocks, Journal of Building Engineering, 19, 216-227.

J.W. Lu, S. Zhang, J. Hai, M. Lei (2017), Status and perspectives of municipal solid
waste incineration in China: A comparison with developed regions, Waste
Management, 69, 170-186.

L. Bertolini, M. Carsana, D. Cassago, A. Quadrio Curzio, M. Collepardi (2004), MSWI
ashes as mineral additions in concrete, Cement and Concrete Research, 34, 1899-1906.
B.H. Woo, I.K. Jeon, D.H. Yoo, S.S. Kim, J.B. Lee, H.G. Kim (2021), Utilization of
municipal solid waste incineration bottom ash as fine aggregate of cement mortars,
Sustainability, 13, 8832.

S. Zhang, Z. Ghouleh, Y. Shao (2021), Green concrete made from MSWI residues derived
eco-cement and bottom ash aggregates, Construction and Building Materials, 297, 123818.
TCVN 4314:2022 (2022), Vira xay dung - Yéu cau ky thudt, Bo Khoa hoc va Cong nghé.
TCVN 3121:2022 (2022), Vira xay dung - Phurong phap thir, B6 Khoa hoc va Cong nghé.
TCVN 3121:2003 (2003), Vira xay dung - Phurong phap thir, B6 Khoa hoc va Cong nghé.
ASTM C597 (2016), Standard test method for pulse velocity through concrete, ASTM
International, West Conshohocken, PA, USA.

V.D. Nguyen, S.H. Ngo, V.L. Nguyen, T.P. Huynh (2023), Incorporation of high loss-
on-ignition fly ash into high-strength mortar: Influence on short-term engineering
properties, Materials Today: Proceedings.

J.M. Khatib, B.A. Herki, A. Elkordi (2019), Use of recycled plastics in eco-efficient
concrete, Woodhead Publishing, 137-165.

77



TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 74 (03.2025) P-1SSN 3030 - 4628
e-1SSN 3030 - 4636

THE EFFECT OF WASTE INCINERATION BOTTOM ASH
CONTENTS REPLACEMENT OF SAND ON PHYSICAL AND
MECHANICAL PROPERTIES OF MORTARS

Nguyen Thi Thanh, Nguyen VVan Dung, Nguyen Thi Mui, Tran Ngoc Khoa
ABSTRACT

This study investigates the feasibility of using waste incineration bottom ash as a
replacement for natural sand in mortar production. Mortar mixtures were designed with a
flow diameter of 175+205 mm, using cement, fly ash, and silica fume as binder materials,
and using waste incineration bottom ash to replace 0%, 25%, 50%, 75%, and 100% natural
sand by weight. Test results indicated that unit weight, compressive strength, flexural
strength, and ultrasonic pulse velocity of mortars decreased, while water absorption
increased with increasing waste incineration bottom ash content. All mortars using waste
incineration bottom ash had satisfactory quality with compressive strength higher than 30
MPa and ultrasonic pulse velocity higher than 3000 m/s. This study proved that with the
presence of silica fume in the mortar mix proportion, waste incineration bottom ash can be
used to replace natural sand up to 100% in producing mortar.

Keywords: Waste incineration bottom ash, natural sand, silica fume, mortar,
compressive strength.
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Loi cam on: Téc gid chan thanh cam on cdce dong nghiép trong bg mdn Ky thudt cong trinh
va céc hoc vién cao hoc di hé tro trong suét qué trinh thi nghiém.
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