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TOM TAT

Bai bao trinh bay nghién ciru sir dung tro bay (FA) vai ham lreng cao (25 - 50%) dé thay thé chét ket dinh (CKD) trong bé tdng xi méng
ding cho cac khdi be tang ket cdu tai Viet Nam. Céac thi nghigm droc thuc hién dé lra chon xi méng, cdt lieu, phu gia siéu déo va tro
bay dé ché tao be tong ca da sut 10 - 12 cm va cuang da chiu nén tir 30 - 40 MPa. K&t qué cho thay bé tang nhiéu tro bay (HVFA) khang
chi dap rng yéu cdu ky thuat ma con gidm dang ke phat thai khi nha kinh [én dén 31% va chi s tiéu thu ning lrgng gigm dén 38%. Dac
biet, tiém nang ket hop FA vai cac CKD phu thém khéc nhu xi 1o cao nghién min (GGBS) hogc silica fume (SF) dé cai thién tinh chét co
hoc va da bén. Nghién ciru ciing phan tich cac y&u td anh hudng nhu van chuyén FA va dé xudt giai phap tdi vu haa ing dung HVFA tai
Vigt Nam, hira hen thic ddy phat trién bén viing trong nganh Xay dung.

Tir khaa: Be tang nhiéu tro bay; phat thai khi nha kinh; chi sd tigu thy nang lugng; cuing do chiu nén; da bén.

ABSTRACT

This paper presents a study on the use of high-volume fly ash (25 - 50%) as a binder replacement in cement concrete for mass
concrete structures in Vietnam. Experiments were conducted to select suitable cement, aggregates, superplasticizers and fly ash to
produce concrete with a slump of 10 - 12 cm and compressive strength ranging from 30 to 40 MPa. The results show that high-volume
fly ash concrete (HVFA) not only meets technical requirements but also significantly reduces greenhouse gas emissions up to 31%
and reduce energy consumption index to 38%. Notably, the potential of combining fly ash with supplementary cementitious materials
such as ground granulated blast-furnace slag (GGBS) or silica fume was evaluated to enhance mechanical properties and durability.
The study also analyzes influencing factors such as fly ash transportation and proposes solutions to optimize the application of HVFA
in Vietnam, promising to promote sustainable development in the construction.

Keywards: High-volume fly ash concrete; greenhouse gas emissions; energy consumption index; compressive strength; durability.

1. DAT VAN BE

Nganh cong nghiép xi mang va bé téng déng gép khoang 8%
téng luong phat thai CO, toan cu (IEA, 2024). Tai Viét Nam, su phat
trién nhanh chéng cla co s& ha tang va dé thi hoa da lam tang tiéu
thu xi mang, dan dén lugng phat thai khi nha kinh va tiéu thu nang
lugng dang ké. San xuat 1 tdn xi mang Portland phét thai khoang
0,8- 1,0 tan CO, va tiéu ton 3,2 - 5,0 GJ nang lugng, chd yéu do qua
trinh nung clinker va s dung nhién liéu hoéa thach (GCCA, 2024).
Trong bé&i canh bién d&i khi hau, viéc gidm tac déng méi trudng cla
nganh Xay dung la uu tién hang dau.

Tro bay - phu phadm ti cdc nha may nhiét dién dét than véi
thanh phan chd yéu la oxit SiO,, ALO,, Fe,O,, Ca0... la vat liéu lam
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CKD phu thém cho xi mang gilp gidm phat thai CO, va tiéu hao
nang lugng. Bé tdng nhiéu FA (High Volume Fly Ash - HVFA) véi
ham lugng FA tir 25 - 50% da dugc nghién clu rong rai trén thé
gidi (Malhotra & Mehta, 2002; Nath & Sarker, 2017). Ngoai viéc gidm
phat thai CO,, HVFA con cai thién do bén dai han, dac biét trong
mai trudng dn mon nhu viing ven bién Viét Nam, noi cac céng trinh
thudng xuyén chiju tdc dong cda clorua va sunphat.

Nghién cltu nay tap trung vao viéc st dung HVFA cho bé tong
khi I6n, bé tdng lam mdng céng trinh ha tang tai Viét Nam, véi muc
tiéu dat do sut 10 - 12 cm, cudng dé chiu nén 30 - 40 MPa, déng
thai danh gia tiém nang két hgp FA véi cac CKD phu thém khac nhu
GGBS va SF dé nang cao d6 bén. Ngoai ra, nghién ctu ciing phan



www.tapchixaydung.vn

tich céc yéu t8 anh hudng nhu van chuyén FA va dé xuat cac giai
phép thuc tién dé€ thic ddy (ng dung HVFA trong nganh Xay dung
Viét Nam.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1.Vatliéu

Xi mang Portland PC40, dat TCVN 2682:2020, vGi thanh phan
héa hoc gém 62% Ca0, 21% SiO,, 5% Al,O.

Tro bay loai F tr Nha may Nhiét dién Pha Lai, Viét Nam, vGi ham
lugng SiO, = 50%, dat ASTM C618. Ham lugng mat khi nung < 6%.

Cét lieu: Cat séng tu nhién, mé-dun do 16n FM = 2,8, phu hgp
TCVN 7572-2:2006.

Da dam c6 D, =20 mm, dap tng TCVN 7572-2:2006, véi
cudng do nén = 80 MPa.

Phu gia siéu déo c6 gbc polycarboxylate, cai thién tinh céng
tac va duy tri do sut, liéu lugng 0,8 - 1,2% theo khéi lugng CKD.

Nudc sach khong chia tap chat, dap tng TCVN 4506:2012.

Xi 16 cao nghién min tir Nha may Gang thép Hoa Phét, véi SiO,
= 35% va CaO = 40%, dat TCVN 11586:2016.

Silica fume c6 ham lugng SiO, = 90%, dung khi can cudng dé
sém dat TCVN 4506:2012.

2.2. Phuong phap nghién ctiu

Thiét ké cap phoi HVFA v6i ham lugng FA thay thé xi mang (CM)
tUr 25 - 50% theo khoi lugng CKD, ty & nudc/CKD (N/CKD) tir 0,35 - 0,45.
Két hgp vat liéu thay thé 40% CKD bang hon hgp FA (20 - 30%) va GGBS
(10 - 20%) hodc SF (5 - 10%).T6ng lugng CKD 400 kg/m? bé tong.

Bang 1. Kiém ké Carbon va Nang lugng (ICE) clia mot s6 vat liéu
(Hammond and Jones, 2011)

Hé so tiéu thu nang lugng va phat thai Ghi chi
carbon
Vat liéu
Nang EE = Nang
lugng C?Elé())n Carbon(CO,e) | lugng tich hop
(EE) (MJ/ (kgCO,e/kg) EC = Carbon tich
kg) (kgCO,/kg) hop
ot lieu ] 0g3 0,0048 0,0052 Da s6i hodc da
chung nghién
i 3 0
Ximing | 5,50 0,93 0,95 Xi mang  94%
clinker
GGBS 296-24 |037-025 |0,38-0,26 66 - 80% GGBS
Cat 0,081 0,0048 0,0051
ba 1,50 0,087 0,09 Da voi
Tro bay 0,10 0,008 -
GGBS 1,60 0,083 -
Nudc 0,01 0,001 -
Sat 25,00 1,91 2,03

Phuong phap thi nghiém trong phong dugc thuc hién dé xac dinh:

Cuding dé chiu nén thi nghiém theo TCVN 3118:2022 trén mau
1ap phuong canh 150 mm & 7, 28 va 56 ngay tudi.

Thi nghiém tham clorua s&r dung phuong phap thdm nhanh
(RCPT - Rapid Chloride Permeability Test) theo ASTM C1202.

Chi sé tiéu thu nang lugng dugc tinh toan ban dau dua trén
nang lugng san xuat vat liéu (Hammond & Jones, 2008) gém xi
mang 4,6 MJ/kg, tro bay 0,2 MJ/kg (cht y&u ti x(r Iy va van chuyén),
GGBS 1,33 MJ/kg, Silica fume 2,5 MJ/kg. Phat thai CO, dugc danh
gia dua trén hé s6 phat thai CO, ctia xi mang 0,83 kg CO,/kg, tro bay
0,008 kg CO_/kg , GGBS la 0,083 kg CO_/kg, Silica fume 0,5 kg CO,/
kg (Hammond & Jones, 2011). Chi tié€t phat thai cta céac loai vat liéu
dugc trinh bay trong Bang 1.

Ap dung danh gia vong d&i (LCA) dé so sanh tac dong méi
trudng cla viéc st dung bé tdng HVFA bang phan mém SimaPro 9.5.

3.KET QUA VA THAO LUAN

3.1.Tinh chit co hoc

Két qua cudng do chiu nén cla cac loai bé tong dugc trinh bay
tai Hinh 1. K&t qua cho thay, cac hén hgp HVFA véi ham lugng FA
25 - 40% dat cudng do chiu nén tur 30 - 40 MPa tai 28 ngay, phu hgp
cho khéi bé téng 16n. G tudi 56 ngay, cudng d6 chiu nén tang thém
10 - 15% nha hoat tinh puzolan cla FA. VGi 50% FA, cuong dé chiu
nén & 7 ngay, giam khodng 20% so vdi bé tong thong thudng (20
MPa so véi 25 MPa), nhung van dat = 30 MPa & 28 ngay.

EI53nghy EEa7ngayy 5028 ngay R3/R28 R7/R28

50 _ ) , ;

45
40
35
30
25
20
15
10

56 ngay

191 90 =

Cwirng dd chiu nén (MPa)
Ty 1§ ting cwimg 4§ (%

e REE2g3 e
o 2 o S & 8 o

0

BC /FA335F5

Hinh 1. Cutng d6 chiu nén cac loai bé tong theo tudi

H&n hop két hop 30% FA va 10% GGBS dat cudng dé chiu nén
35 MPa tai 28 ngay, cao han 10% so vdi hén hgp chi duing 40% FA (32
MPa). H6n hgp bé téng dung 5% SF va 35% FA gilp cai thién cudng
do sém (7 ngay) thém 15%, dat 25 MPa so véi 21 MPa clia HVFA40. D6
sut cla tat ca hédn hgp déu nam trong khoadng 10 - 12 cm, dap Ung
yéu cau thi cong théng thudng. Hon hgp két hgp GGBS va SF cho
thay cai thién ro rét cudng d6 chiu nén & tudi sém va dai han.

3.2. Giam thiéu phat thai khi nha kinh va gia thanh

Két qua phan tich phat thai CO,, tiéu thu ning luong va gia
thanh ché tao cac loai bé téng trong nghién ctiu dugc trinh bay &
Bang 2 va dugc thé hién & Hinh 2, 3, 4.

Bang 2. Phén tich phat thai CO,, gia thanh va tiéu thu ndng lugng clia cac hdn hgp bé tong

Vat liéu ché tao bé téng Phat thai Chi phi ché tao Tiéu thu nang luong
Hon hop M FA | GaBs | sF co, | Giam | Giathanh | Giam gi I':';':‘g Giam nang
(kg/m?3) | (kg/m?) | (kg/m?3) | (kg/m?) | (kg/m?3) co, (déng/m?®) | thanh (%) ™ B /kg) luong (%)
bC 400 0 0 0 623 - 1.073.760 - 2420 -
HVFA25 300 100 0 0 528 15% 933.530 13% 1.965 19%
HVFA40 240 160 0 0 471 24% 842.330 22% 1.691 30%
HVFA50 200 200 0 0 432 31% 784.700 27% 1.505 38%
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HVFA30SB10 240 120 40 0 472

24% 831.127 23% 1.746 28%

HVFA35SF5 240 140 0 20 471

24% 1.215.887 -13% 1.694 30%
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Hinh 2. Phét théi (0, clia cac loai bé tong

Két qua phan tich phét thai CO, & Hinh 2 cho thay cac hon hop
bé tdong sir dung FA thay thé 25 - 50% xi mang lam gidm phat thai
CO, dang ké so véi hén hgp bé tong ddi chiing, vai mic giam lugng
phat thai CO, tir 15 - 31%. Trong d6, hdn hop HVFA50 dat muic gidm
CO, t6i uu, gidm 31% lugng phat thai CO,; cac hdn hop HVFA40,
HVFA25 giam lan lugt 1a 15% va 24% so vai hén hgp déi ching. Véi
cung ty lé thay thé 40% CKD thi cac hon hgp HVFA40, HVFA35SF5,
HVFA30G10 cé lugng phét thai CO, tuong duong nhau. Két qua nay
cho thdy lugng phat thai CO, phu thuéc chinh vao lugng xi méang
strdung va ty 1é PGK thay thé xi méng. Do lugng phét thai CO, don
vi clia FA, GGBS, SF thap han nhiéu so véi xi mang nén viéc st dung
céc loai khac nhau it &nh hudng dén luong phat thai tdng thé.
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Hinh 3. Gid thanh cla cac loai bé tong

K&t qua phan tich gia thanh cac loai bé tong & Hinh 3 cho thay,
viéc st dung FA trong bé téng gitp gidm dang ké chi phi san xuat
so v&i bé téng doi chiing. Gia thanh bé tong HVFA25, HVFA40 va
HVFA50 lan lugt gidam 13%, 22% va 27% so vdi bé tong DC, tuong
(g véi chi phi a 933.530, 842.330 va 784.700 déng/m?. H6n hgp
HVFA30G10 (st dung 30% FA va 10% GGBS) c6 gia thanh la 831.127
déng/m?®, giam khoang 22,6% so véi BC, cho thay hiéu qua kinh té
t6t khi két hgp tro bay va xi. Tuy nhién, hén hgp HVFA35SF5 (gom
35% tro bay va 5% silica fume) lai c6 chi phi cao nhat (1.215.887
déng/m®), tding 13,2% so vdi bé téng DC, diéu nay la do gia thanh
cao han ctia SF so véi FA va GGBS.

3.3. Chi sé tiéu thu ning lugng

Phan tich tiéu thu nang lugng clia cac hon hgp bé téng HVFA
dugc trinh bay & Bang 2 va dugc thé hién & Hinh 4.

Chi s6 tiéu thu nang lugng giam tu 2.420 MJ/kg (bé tong
thong thudng) xuéng 1.185 MJ/kg (HVFA35SF5). Cac chi sé tiéu thu
nang lugng dugc trinh bay tai Bang 3 va Hinh 4. Cu thé, HVFA 50%
tro bay dat muc tiét kiém nang lugng cao nhat (30%), tur 2.420 MJ/
kg xuéng 1.505 MJ/kg. H6n hgp 30% tro bay va 10% GGBS c6 chi
s6 1.783 MJ/kg, trong khi thém SF tang nhe lén 1.985 MJ/kg do quy
trinh san xudt SF tiéu ton nang lugng. HVFA 50% dat muc tiét kiém
nang lugng cao nhat.
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Hinh 4. Chi 56 tiéu thu nang lugng EE (MJ/kg)

K&t qua phan tich chi sé tiéu thu nang luong (EE) cta cac loai
bé tdng HVFA cho thay hén hop bé tong DC c6 chi sé EE cao nhat,
dat 2.420 MJ/kg, két qua nay cho thdy muc tiéu thu nang lugng
dang ké cho qua trinh sén xuat xi mang Portland truyén théng. Khi
thay thé mét phan xi mang bang FA, chi s6 EE giam dang ké. Bé
téng HVFA25 va HVFA40 lan lugt c6 chi s6 EE la 1.965 va 1.691 MJ/
kg, tuang Uing muc giam 18,8% va 30,1% so vai bé tong DC. Chi s6
EE thap nhat véi bé tdng HVFAS50 (1.506 MJ/kg), gidm 37,8% so vdi
bé tong DC. VGi cac hon hop bé toéng sir dung cac loai PGK thay
thé 40% CKD thi bé tong HVFA40 va HVFA35SF5 c6 chi sé EE tuang
duong nhau va thap hon so véi HVFA30G10. Két qua phan tich nay
cho thay bé téng sir dung FA va SF c6 luong phat thai thap hon so
véi st dung GGBS.

3.4.Thao luan

3.4.1. Hiéu qua cta viéc st dung két hgp tro bay nhiét dién véi cdc
CKD phu thém khdc trong hén hop bé téng

Véi cac két qua nghién cdru vé tinh chat co hoc, phan tich phat
thai CO,, phan tich gia thanh va phan tich tiéu thu nang lugng ctia
cac loai bé tdng HVFA trong nghién ctiu da cho thay viéc st dung
FA, su két hop cla FA véi GGBS va SF véi ty 1é phu hgp gitp cai thién
dugc tinh chat co hoc clia bé tong, gidm phat thai CO,, gidm gid
thanh ché tao va gidm muic tiéu thu nang lugng cho 1 m?® bé téng.
Céc lgi ich nay cling dugc chiing minh trong nghién ctiu cua Liu et
al. (2022). Viéc b6 sung GGBS véi hoat tinh thdy luc cao, gilp ting
cudng muc dé hoat tinh puzolan cham ctia FA, cai thién cudng do
s6m va dé bén dai han. Trong thi nghiém, hén hgp bé tong 30%
FA va 10% GGBS dat cuong do 35 MPa tai 28 ngay, cao han 10% so
vGi bé tong 40% FA. Biéu nay phu hop vai nghién ctu cta Nath va
Sarker (2017), khi két hgp 20% GGBS vé&i 30% FA cai thién cudng do
nén va dé bén udn. SF véi ham lugng SiO, cao, lam tang cudng phan
Ung puzolan va tao cau trdc bé tong dac chac, cai thién cudng do
sGm (15% tai 7 ngay). Tuy nhién, chi phi SF cao (khoang 500 USD/tan
so vGi 50 USD/tan ctia GGBS) va nang lugng san xudt I16n lam gidm
lgi ich méi trudng, nhu Kurda et al. (2018) da chi ra. Do d6, GGBS la
Iya chon kha thi hon tai Viét Nam, ngi nguén cung GGBS tir cac nha
may thép nhu Hoa Phat déi dao.

Két hgp ba thanh phan (FA, GGBS, SF) cling dugc xem xét trong
nghién ctu clia Zhang (2014), cho thdy hén hop 25% FA 15% GGBS
va 5% SF dat cudng d6 45 MPa va giam 40% CO,. Tuy nhién, chi phi
cao va do phtc tap trong cap phéi han ché (ing dung thuc té tai
Viét Nam. M6t nghién ctitu méi hon tir Journal of Cleaner Production
(2023) cho thay hén hgp 30% tro bay, 10% GGBS va 5% SF c6 thé
gidm 42% CO,, nhung can t6i uu héa chi phi va quy trinh thi céng.

3.4.2. Ung dung thuc tién cda bé téng nhiéu tro bay tai Viét Nam

Véi san lugng FA khoang 13 triéu tan/nam tif cdc nha may nhiét
dién (Pha Lai, Duyén Hai, Viing Ang), HVFA c6 tiém ning I6n trong
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viéc gidm phu thudc vao xi mang va xt ly chat thai céng nghiép. Két
hgp GGBS tir nganh thép cang tang tinh bén viing, dac biét cho cac
cbng trinh 16n nhu cau, dap hodc cdng bién. Mot s cong trinh thuc
té nhu cau Vinh Nghiém (Binh Duong, 2023) sir dung HVFA 40%
tro bay cho méng cau, gidm 30% phat thai CO, (1.200 tan CO,) va
tiét kiém 15% chi phi vat liéu. Cang Cai Mép - Thi Vai (Ba Ria - Viing
Tau, 2024) st dung hdn hop 30% FA va 10% GGBS, cai thién dé bén
chéng clorua, pht hgp v6i méi trudng bién.

Tuy nhién, nhu O’Brien et al. (2009) da luu y, van chuyén tro
bay qua khoadng céach xa c6 thé lam tang phat thai CO, lién quan dén
logistics. Trong nghién cttu nay, khoang céch van chuyén tro bay tur
nha may Pha Lai dén cong trinh la 150 km, tuong (ing véi phat thai
0,03 kg CO,/kg tro bay, khong dang ké. Tuy nhién, néu khoang cach
VUGt qua 200 km, phat thai cé thé tang 1én 0,05 kg CO,/kg, lam giam
Igi ich méi trudng. Do d6, can uu tién st dung FA va GGBS tir cac
ngudn dia phuong.

3.4.3. Thdch thdc va gidi phdp trong viéc ung dung bé téng nhiéu
tro bay

Chat lugng tro bay khéng déng nhat: Tro bay ti cac nha may
khac nhau c6 thanh phan hoa hoc bién dong (ham lugng carbon,
silica). Giai phap: Tieu chudn hoa chat lugng tro bay theo ASTM
C618 hoac EN 450, kiém tra dinh ky tai phong thi nghiém.

Cudng dé sém thap: HVFA 50% tro bay chi dat 20 MPa tai 7
ngay, khong phu hgp véi cac du én can thi cong nhanh. Giai phap:
Thém GGBS hodc SF dé cai thién cudng dd sém hodc st dung phu
gia tang téc déng ran.

HVFA yéu cau thai gian b3o dudng kéo dai (56 - 90 ngay) dé
dat cudng do t6i uu, vi vay phai diéu chinh quy trinh thi céng tai
cbng trudng, st dung mang bao dudng dé duy tri dé am.

Tai Viét Nam, cac nha dau tu van c6 tam ly e ngai vé do tin cay
cla HVFA. Do do, can tang cudng truyén thong, dao tao va ap dung
thi diém trong cac du én cong cdng dé chiing minh tinh hiéu qua.

Viéc ing dung bé tong chiia ham lugng tro bay cao (HVFA)
trong thuc tién con d6i mat vai mét sé thach thuc ky thuat va tam
ly trién khai.

-Tinh khéng d6ng nhét clia nguén tro bay: FA ti cac nha may
nhiét dién khac nhau thudng cé su bién dong dang ké vé thanh
phan héa hoc, déac biét 1a lugng mat khi nung va ham luong silica,
anh huéng dén tinh chat ctia hén hgp bé téng. D€ khéc phuc, can
ap dung cac tiéu chuan ky thuat nhu ASTM C618 hodc EN 450 nham
tiéu chuan hoéa chat lugng tro bay, déng thai thuc hién kiém tra dinh
ky thong qua cac thi nghiém tai phong thi nghiém vat liéu.

- Cudng do6 nén & tudi sém thap: Cac hén hgp HVFA véi 50%
tro bay thudng chi dat cudng dé khoang 20 MPa tai 7 ngay tudi,
khéng dap Ung yéu cau déi véi cac du an cé tién do thi cong nhanh.
Gidi phép tiém nang bao gém viéc sir dung két hgp céc vat liéu b
sung nhu GGBFS hodc SF dé cai thién cudng dé s6m hodc st dung
phu gia hda hoc c6 kha nang tang téc qua trinh déng ran.

- Yéu ciu bao dudng kéo dai: Do dac diém phan tng pozzolan
cham cuia tro bay, HVFA thudng can thai gian bao duéng dai (ti 56
dén 90 ngay) dé dat dugc cudng do téi uu. Vi vy, can diéu chinh
quy trinh thi cong ngoai hién truong, trong dé viéc st dung mang
bdo dudng hodc hé théng gilt m la can thiét nham dam bao diéu
kién thly héa thuan lgi.

- Rao can tam ly va nhan thuc tai dia phuong: Tai Viét Nam, moét
s6 chl dau tu van con e ngai vé d6 tin cdy va tinh 6n dinh lau dai
clia bé tdng HVFA. D& vugt qua rao can nay, can tdng cudng truyén
théng khoa hoc, t8 chic cac chuong trinh dao tao ky thuat chuyén
sau va trién khai cac du an thi diém st dung HVFA trong céng trinh
céng cdng nham minh ching tinh hiéu qua va bén viing cta loai vat
liéu nay trong diéu kién thuc té.

3.4.4. Phan tich kinh té

Chi phi vat liéu la yéu t6 quan trong dé thuc ddy ing dung
HVFA tai Viét Nam. Dua trén gia thi trudng nam 2025 udc tinh nhu
sau: Xi mang 100 USD/tan, FA 20 USD/tan, GGBS 50 USD/tan, SF 500
USD/tan, van chuyén 5 USD/tan/100 km. Vi vay, HVFA 40% tro bay
tiét kiém 26% chi phi so véi bé tédng thong thudng (29,6 USD so véi
40 USD). H&n hap két hop GGBS c6 chi phi tuang duang nhung cai
thién d6 bén, trong khi SF lam tang chi phi dang ké.
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Nghién ctiu xac nhan rang bé téng nhiéu tro bay vaéi ham
lugng 25 - 50% dat cac yéu cau ky thuat (d6 sut 10 - 12 cm, cudng
dé 30 - 40 MPa) va gidm phat thai CO, (Ién dén 31%) cung chi s6 tiéu
thu nang lugng (38%). K&t hop tro bay vGi GGBS hoac SF cai thién
cudng dé sém, dé bén chéng xam thuc va phu hop cho céng trinh
ven bién. GGBS la lva chon t&i uu tai Viét Nam nhd nguén cung doi
dao va chi phi thap, trong khi SF pht hgp cho céac du an yéu cau
cudng do sém cao.

HVFA khéng chi mang lai Igi ich méi trudng ma con tiét kiém
chi phi (26% vai HVFA 40%) va gop phan xu ly chat thai céng nghiép
(FA, GGBS). Tuy nhién, can giai quyét cac thach thiic nhu chat lugng
tro FA s6 ndi dung nhu: T8i uu hoa cap phéi ba thanh phan (FA,
GGBS, SF); danh gia do bén dai han (90 - 180 ngay) trong moi trudng
thuc t&; phat trién quy trinh thi céng va tiéu chudn (ing dung HVFA
tai Viét Nam.
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