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Tom tat: Viéc tan dung tro bay va tro day tif cdc nha mdy nhiét
dién than lam vat liéu thay thé cat tu nhién trong bé tong la
mot gidi phap tiém nang nham gidm lugng chat thai cong
nghiép, han ché khai thac tai nguyén cat song va hudng téi
phat trién vat liéu xay dung bén viting. Nghién cttu nay danh
gid anh hudng ctia tro bay va tro ddy t Nha may Nhiét dién
S6ng Hau 1 dén mat s6 chi tiéu d6 bén cta bé tong st dung
cat min song Hau c6 mé dun d 16n thap. Tam cap phoi bé
tong dugc thiét k& bao gobm mot cap phdi doi ching su
dung hoan toan cat tu nhién va bay cap phoi st dung cé dinh
25% tro bay két hgp véi ham lugng tro ddy thay thé cat tu
nhién lan lugt |a 0%, 25%, 35%, 45%, 55%, 65% va 75%. Cac
chi tiéu d6 bén dugc danh gia thong qua thi nghiém van téc
truyén xung siéu am (UPV), d6 hap thu nudc mao dan, dién
trd suat bé mat va kha nang chong xam nhép ion clorua theo
phuong phép tham dién nhanh (RCPT).

Két qua nghién ctiu cho thay viéc sit dung két hgp tro bay va
tro ddy vai ty & phi hop c6 kha nang cai thién dang ké cau
tric ddc chdc va cac dac tinh d6 bén cta bé téng. Cac cap
phéi chia tro bay va tro day cho thdy xu huéng giam do hap
thu nudc mao dan, tang dién trg suat bé mat va giam dién
lugng truyén qua trong thi nghiém RCPT so véi bé tong doi
ching. Két qua UPV cho thdy cac cap phdi bé tong déu dat
chat lugng tir tot dén rat tot, phan anh cau trac bén trong
tuong doi dac chac. Trong pham vi nghién ctiu, cdp phéi st
dung 25% tro bay két hap 65% tro day (25TB65TD) thé hién
hiéu qué téng thé t6t nhat vé cac chi tiéu do bén. Két qua
nghién cttu khéng dinh tiém nang st dung tro bay va tro day
Nha may Nhiét dién Séng Hau 1 lam vat liéu thay thé c6t liéu
min trong san xudt bé tong bén viing, gop phan giam nhu
cau khai thac cat tu nhién va nang cao kha nang tmg dung
bé tdng trong diéu kién moi trudng cé nguy ca xam nhap ion
clorua tai khu vuc Déng bang séng Cliu Long.

Tur khéa: Bé téng bén viing; tro bay; tro ddy; cat min séng
Hau; hap thu mao dan; dién trd suat; RCPT.

Abstract: The utilization of fly ash and bottom ash from coal-
fired thermal power plants as alternative materialsin concrete
is considered a promising solution to reduce industrial
waste, conserve natural sand resources, and promote the
development of sustainable construction materials. This
study investigates the effects of fly ash and bottom ash from
Song Hau 1 Thermal Power Plant on the durability properties
of concrete incorporating fine Song Hau river sand with a low
fineness modulus. Eight concrete mixtures were designed,
including one control mixture using natural sand and seven
mixtures incorporating a fixed replacement level of 25% fly
ash combined with bottom ash contents of 0%, 25%, 35%,
45%, 55%, 65%, and 75% as natural sand replacements. The
durability performance of concrete was evaluated through
ultrasonic pulse velocity (UPV), capillary water absorption,
surface electrical resistivity, and rapid chloride penetration
test (RCPT) according to ASTM C1202.

The experimental results indicated that the combined use
of fly ash and bottom ash at appropriate replacement levels
significantly improved the compactness and durability
characteristics of concrete. The mixtures incorporating fly ash
and bottom ash exhibited lower capillary water absorption,
higher surface electrical resistivity, and reduced charge passed
in the RCPT compared with the control concrete, indicating
enhanced resistance to fluid transport and chloride ion
penetration. The UPV results showed that all concrete mixtures
achieved good to excellent quality, reflecting a dense internal
microstructure. Within the scope of this study, the mixture
containing 25% fly ash and 65% bottom ash (25FA65BA)
exhibited the best overall performance in terms of durability
properties. The findings confirm the potential application
of fly ash and bottom ash from Song Hau 1 Thermal Power
Plant as alternative fine aggregate materials in concrete
production. This approach contributes to reducing natural
river sand consumption, promoting the beneficial reuse of
coal combustion by-products, and improving the durability
performance of concrete exposed to environments with a risk
of chloride ingress, particularly in the Mekong Delta region.
Keywords: Sustainable concrete; fly ash; bottom ash; fine river
sand; capillary water absorption; surface electrical resistivity; RCPT.
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1. GIG1 THIEU

Bé tong la vat liéu xay dung dugc st dung rong
rai trong cac cong trinh dén dung, giao thong, thuy
lgi va ha tang ky thuat nho kha néng chiu luc tét,
tinh linh hoat trong thi cong va do bén tuong doéi
cao. Tuy nhién, trong qua trinh khai thac st dung,
do bén lau ctia bé tong chiu anh hudng manh baéi
cdu truc 16 réng, kha ning van chuyén nudc, ion
clorua va cac tac nhan xam thyc tii moi truong. Doi
v6i cac cong trinh lam viéc trong moi truong dam
uét, ven bién hodc khu vuc c6 nguy co xam nhép
madn, su thdm nhép clia nudc va ion clorua vao bé
tong la mot trong nhiing nguyén nhan chinh lam
suy gidm tudi tho két ciu bé tong cot thép. Vi vay,
viéc nghién ctiu cac gidi phap cai thién do dac chac,
giam kha nang thdm hat nudc va han ché xam nhép
ion clorua ctia bé tong c6 y nghia quan trong trong
phat trién vét liéu xay dung bén viing.

Tai viing Dong bing song Cuu Long, nhu cau
phat trién ha tidng ngay cang gia ting trong khi
ngudn cat tu nhién dang suy giam do khai thac
qué muc. Bén canh do, nhiéu khu vuc trong viing
thuong xuyén chiu tac dong cia mdi trudng xam
thuc, nuéc 1g, nudc min va diéu kién 4m udét kéo
dai. Trong boi canh do, viéc st dung cac nguodn vat
liéu thay thé cat tu nhién khong chi gép phan giam
ap luc khai thac tai nguyén ma con can huéng dén
cai thién cac chi tiéu do bén cua bé tong. Chién
lugc phat trién vat liéu xay dung Viét Nam thoi
ky 2021-2030, dinh huéng dén nam 2050 clng
khuyén khich st dung phé thai cong nghiép va vat
liéu thay thé nham gidm phu thuc vao tai nguyén
thién nhién va phat trién vat liéu xay dung than
thién mai trudng.

Tro bay va tro day la hai loai phu phdm chinh
phat sinh tli qud trinh d6t than tai cic nha may nhiét
dién. Tro bay c6 kich thudc hat nhé, dang gan hinh
cau va chita ham lugng dang ké cac oxit SiO,, AL,Os
va Fe,0;. Khi dugc sti dung trong bé tong, tro bay
6 thé cdi thién céu tric vi mo théng qua hiéu ting
lap ddy va phan ung pozzolan, tao thém san phdm
C-S-H thti cdp, lam gidm d6 rong mao dan va han
ché tinh lién thong ctia hé 16 rong. Nhiéu nghién
ctiu cho thdy viéc st dung tro bay trong bé tong c6
thé cai thién kha nang chong thim, giam d¢ hip
thu nudc va nang cao kha ndng khang xam nhap
ion clorua [1] [2] [3] [4] [5].

Khac véi tro bay, tro day thuong cé kich thude
hat 16n hon, bé mat tho rap, hinh dang géc canh
va cu trac réng x6p hon. Cac dic di€ém nay c6 thé
lam ting kha ndng hut nudc va anh hudng dén tinh
cong tac ctia bé tong khi st dung véi ham lugng
16n. Tuy nhién, néu dugc phoi hop hop ly véi cat tu
nhién va tro bay, tro ddy c6 thé tham gia vao hé cot

liéu min, gép phan diéu chinh thanh phan hat va
tan dung hiéu qua nguén phu phidm cong nghiép.
Rafieizonooz va cong su [6] cho thdy viéc st dung
dong thai tro bay va tro ddy trong bé tdng c6 thé
mang lai hiéu qua tich cuc khi cap phoi dugc thiét
ké phu hgp. Cac nghién ctiu vé vét liéu thay thé cot
liéu cling cho thdy viéc st dung phu phidm cong
nghiép trong bé tdong la mot hudng tiép can kha thi
nhdm giam khai thac c6t liéu tu nhién va phat trién
bé tong bén viing [7] [5] [8] [9] .

Daéi voi bé tong, do hip thu nudc mao dan phan
anh kha nang nudc di chuyén vao hé 16 réng thong
qua luc mao dan. Chi tiéu nay c6 lién quan truc tiép
dén do dac chac, kich thudc 16 rdng va mic do lién
thong ctia hé mao quan trong bé tong. Bé tong c6 do
hap thu mao dan thdp thuong cé ciu tric dac chac
hon va kha nang chong xdm nhép ctia cac tac nhan
gy hai tot hon. Bén canh do, kha niang khang xam
nhép ion clorua thuong dugc danh gid thong qua
thi nghiém RCPT theo ASTM C1202. bién lugng
truyén qua cang thap cho thdy kha ning van chuyén
ion trong bé tong cang han ché, tit d6 phan anh kha
nang chong thim ion clorua t6t hon. Cac nghién ctiu
trudc day da chi ra rdng tro bay 6 thé lam giam dién
lugng truyén qua va cai thién kha ning chong xam
nhép ion clorua nhd co ché tinh chinh hé 16 rong va
phan ting pozzolan [1] [2] [10] [11] [12].

Ngoai RCPT va d¢ hép thu mao dan, dién trg
suat bé mdt va van toc truyén xung siéu am cling
la cac chi tiéu quan trong dé€ danh gid gian tiép
chat lugng va do bén ctia bé tong. Dién trd sudt bé
mat cang cao thudng cho thiy kha ning dan dién
ctia dung dich 16 rong va kha ning van chuyén ion
trong bé tong cang thép, qua do lién quan dén kha
nang chong an mon co6t thép trong moi truong
chtia clorua. Trong khi d6, van téc truyén xung
siéu am phan anh muc d6 dic chac, tinh dong nhat
va sy ton tai cia khuyét tat bén trong bé tong. Cac
nghién ctiu vé bé tdng st dung phu gia khoang va
phu phdm cong nghiép cho thdy su cai thién cau
trac 16 rong thuong di kem véi sy gia tang dién trg
sudt, giam d¢ tham clorua va cai thién chat lugng vi
cdu truc cta bé tong [3] [4] [10] [13] [14]

Mic du da c6 nhiéu nghién ctiu vé anh hudng
cua tro bay dén cuong do va do bén ctia bé tong,
phan 16n cac nghién ctiu tap trung vao viéc st dung
tro bay thay thé mot phan xi mang hodc st dung
riéng lé tro bay nhu vat li¢u thay thé cat. Cac nghién
ctu vé viéc stt dung dong thoi tro bay va tro day dé
thay thé c6t liéu min van con han ché, dac biét trong
diéu kién stt dung cat min song Hau c6 moé dun do
16n thdp va nguon tro xi dia phuong tii Nha may
Nhiét dién Song Hau 1. Ngoai ra, moi lién hé gitia
cac chi tiéu d6 bén nhu hép thu nudc mao dan, dién
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trd sudt bé mat, RCPT va véan toc xung siéu am doi
v6i hé bé tong sti dung dong thoi tro bay va tro day
van can dugc lam r6 hon.

Do dd, nghién ctiu nay dugc thuc hién nham
danh gia anh hudng ctia tro bay va tro day Nha may
Nhiét dién Song Hau 1 dén mot so6 chi tiéu do bén
cua bé tong st dung cat min song Hau. Tam cép
phdi bé tong dugc thiét ké, gdbm mot cap phdi doi
chting va bay cdp phdi st dung c6 dinh 25% tro bay
két hop v6i ham lugng tro ddy thay thé cat tu nhién
tti 0% dén 75%. Cac chi tiéu dugc danh gia gobm do
hép thu nudc mao dan, kha nang chéng xdm nhap
ion clorua theo ASTM C1202, dién trd sudt bé mat
va van toc truyén xung siéu am. Két qua nghién ctiu
g6p phan xac dinh ty 1¢ phéi hgp pht hop gitia tro
bay va tro ddy nham cai thién do bén ctia bé tong,
dong thoi tdn dung hiéu qua phu phdm nhiét dién
va giam nhu cau khai thac cat tu nhién tai khu vuc
DPong bing song Ciiu Long.

2. VAT LIEU VA THIET KE THANH PHAN BE TONG

2.1.Vat liéu

Xi mang st dung trong nghién ctiu la xi mang
Podc ling hon hgp PCB40 Tay Do, dap ting yéu cau
cua TCVN 6260:2009. Cot liéu min 1a cat song Hau
c6 m6 dun d¢ 16n thap, trong khi c6t liéu 16n 1a da
dam kich thudc 5-20 mm, dép ting yéu cau ky thuat
theo TCVN 7570:2006. Phu gia héa hoc st dung
la phu gia siéu déo gdc polycarboxylate nham cai
thién tinh cong tac ctia hon hgp bé tdng; nude tron
1a nuéc sach dung cho ché tao bé tong.

Tro bay va tro ddy dugc thu nhan ti Nha may
Nhiét dién Song Hau 1 va dugc st dung dé thay
thé mot phén cat ty nhién trong bé tong. Céc tinh
chat vat ly ctia cac loai vét liéu dugc trinh bay trong
Bang 1.

Bang 1. Tinh chat vat Iy ctia xi mang PCB40, tro bay va tro day

Tinh chat vt ly

Khi lugng riéng 3,10 2,15 2,05

(g/em’)

(uongdonén28 =40 - -

ngay (MPa)

M6 dun d16n - 0347 4316

Dang hat Bot Hatmin,gan  Khong déu, goc canh,
min hinh cdu bé mat nham

Mau sac Xém  Xamnhat Xém den

Thanh phan hat ctia c6t liéu 16n va c6t liéu min
sti dung trong nghién ctiu dugc trinh bay trong
Hinh 1a. B4 ddm c6 kich thuéc hat danh dinh 5-20
mm v6i duong cdp phoi nam trong gidi han yéu
cau doi véi cot liéu 16n dung cho bé tong. Cat tu

nhién khai thac tai khu vuc séng Hau c6 mo6 dun do
16n Mdl = 1,619, thudoc nhom cat min theo TCVN
10796:2015. Dic diém kich thudc hat nho va ham
lugng hat min cao ctia loai cat nay c6 thé anh hudng
dén nhu cdu nudc ciing nhu cu truc 16 rong cta
bé tong.

Lugng sét tich Idy (%)
8

€4 sang (mm)

Hinh 1. Dudng hanh phan hat cta da 5x20
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Hinh 2. Dudng thanh phan hat cta cat song Hau

Thanh phan héa hoc cua tro bay va tro day
dugc xac dinh bang phuong phap phd tan sic nang
lugng tia X (EDS). Céac nguyén t6 thu dugc tu két
qua phén tich EDS dugc quy déi vé dang oxide
tuong tng va chuin hoa nhim danh gia thanh
phan khoang chinh ctia vat liéu. Két qua phan tich
dugc trinh bay trong Bang 2 va Bang 3 cho thay ca
tro bay va tro ddy Nha may Nhiét dién Song Hau 1
déu c6 thanh phan chu yéu la cac oxide giau silic va
nhom. Tro bay ¢6 tong ham lugng SiO, + AL,O; dat
77,57%, trong khi tro ddy c6 téng ham lugng SiO,
+ AL Os + Fe,O; dat 94,72%, thé hién ddc trung cua
nhom vt liéu aluminosilicat va cho thay tiém ning
sti dung lam vat liéu thay thé mot phan c6t liéu min
trong bé tong.

Bang 2. Thanh phan tro bay theo EDS sau quy di va chuan héa.

C 1545 1545 18.84
A0, 10.71 20.24 24.69
Si0, 20.27 4336 52.88
K0 242 292 3.59
Tong - 81.97 100.00
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Bang 3. Thanh phan oxide trong tro day sau khi chuan héa

Al 1098  ALO;  1.8895 2075 23.04
Si 2814 S0, 21393 60.20 66.85
K 276 KO0 12046 332 3.69
(a 1.03 @ 13992 144 1.60
Fe 3.04 Fe0; 14297 435 483
Tong - - - 90.06 100.00

2.2. Thiét ké thanh phan bé tong xi mang

Thanh phéan bé téng dugc thiét ké véi cap do
bén B40, st dung xi ming PCB40, cit min song
Héu, da dam kich thuéc 5-20 mm va phu gia siéu
déo nham dam béo kha nang thi cong ctia hon hgp
bé tong. Cat song Hau st dung trong nghién ctiu cd
mo dun do 16n thép, do d6 viéc két hop cac vat liéu
thay thé dugc xem xét nhdm cai thién thanh phan
hé c6t liéu min va nang cao hiéu qua st dung nguén
vat liéu dia phuong.

Trong nghién ctiu nay, tro bay va tro day thu
dugc tti Nha may Nhiét dién Song Hau 1 dugc st
dung dé€ thay thé mot phan cat tu nhién theo thé
tich. Tam c4p phoi bé tong dugc ché tao, bao gom
mot cap phoi déi chiing (BTDC) stt dung hoan toan
cat tu nhién va bay cip phdi st dung tro bay két hgp
v6i tro ddy. Ham lugng tro bay dugc giti c6 dinh &
muic 25% thé tich cat thay thé, trong khi ham lugng
tro ddy thay thé cat tu nhién dugc thay d6i lan lugt
13 0%, 25%, 35%, 45%, 55%, 65% va 75%, tuong Gng
v6i cac cap phoi 25TBOTD, 25TB25TD, 25TB35TD,
25TB45TD, 25TB55TD, 25TB65TD va 25TB75TD.

Trong tat ca cac cap phdi, ham lugng xi mang
dugc gitt khong d6i nham danh gid riéng anh
hudng cta viéc thay thé cat tu nhién bang tro bay
va tro ddy dén cac dédc tinh ctia bé tdong. Cac loai vat
liéu chinh nhu xi méang, c6t liéu 16n va phu gia siéu
déo dugc st dung thdng nhat cho toan b cac hon
hgp. Lugng nudc va phu gia dugc diéu chinh phu
hgp nhim dam bdo dd sut muc tiéu ctia bé tong
Bang 4. Thanh phan vat liéu cho Tm® bé tong

tuoi. Thanh phan chi tiét ctia cac cdp phoi bé tong
dugc trinh bay trong Bang 2.

3. CHUAN Vi MAU VA PHUGNG PHAP THI NGHIEM

Céachoén hop bé tong dugc ché tao bang may tron
cudng buc trong phong thi nghiém. Thanh phan
vat liéu cho méi mé tron dugc xdc dinh theo cip
phoi trinh bay trong Bang 2. Trudc tién, xi mang,
cat song Hau, tro bay, tro ddy va d4 dam dugc dua
vao mdy tron va tién hanh tron khé nhim dam bao
cac thanh phan vat liéu dugc phan b6 dong déu.
Sau d6, nudc tron va phu gia siéu déo dugc bs sung
vao hén hop, qua trinh tron ti€p tuc dugc thuc hién
dén khi bé tong dat trang thai dong nhat.

Sau khi tron, bé tong dugc dic mau va bao
dudng theo TCVN 3105:2022. Cac mau sau khi duc
dugc luu git trong khudn trong 24 + 2 gid & diéu
kién phong thi nghiém, sau d6 thdo khudn va bao
dudng trong nudc sach dén thoi diém tién hanh cac
thi nghiém danh gia d6 bén (Hinh 3).

Hinh 4. Mau bé tong phucvu thi nghiém RCPT va hap thu nuéc mao dan

I 0TBOTD 1095 783.1 410 0.0 0.0 156 6.15 038 8-10
Il 25TBOTD 1095 5873 40 162.5 0.0 156 6.15 0.38
If 25TB25TD 1095 3915 410 162.5 155.0 156 6.15 038
v 251B35TD 1095 3132 40 162.5 2169 156 6.15 038
) 25TB45TD 1095 2349 410 162.5 2789 156 6.15 0.38
Vi 25TB55TD 1095 156.6 410 162.5 3409 156 6.15 038
Vil 25TB65TD 1095 783 40 162.5 402.9 156 6.15 038
Vil 25TB75TD 1095 0.0 410 162.5 464.9 156 6.15 038
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Kha nang chong xam nhép ion clorua cta bé
tong dugc danh gia thong qua thi nghiém tham dién
nhanh (Rapid Chloride Penetration Test - RCPT)
theo ASTM C1202 (Hinh 6). Mau thi nghiém c6
dang hinh tru duong kinh 100 mm, chiéu day 50
mm (Hinh 4), dugc cat tii mau tru kich thudc 100 x
200 mm. Thi nghiém dugc thuc hién tai cac tudi 7,
28 ngay nham danh gia su thay d6i kha nang khang
ion clorua theo thoi gian.

Kha nang hép thu nuéc mao dan dugc xac dinh
theo ASTM C1585 nham danh gid kha nang van
chuyén nudc trong hé thdéng 16 réng cta bé tong
(Hinh 5). Dién trd suit bé mit dugc xdc dinh nham
danh gia kha nang can trd su dich chuyén cta cac
ion trong ciu tric bé tong. Ngoai ra, van toc truyén
xung siéu am (Ultrasonic Pulse Velocity — UPV)
dugc xac dinh theo ASTM C597 nham danh gia
muc d¢ dong nhdt va do dic chic bén trong cta
bé tong.

R X K X
vm*xk%

Y s otw&% o
e —1 T

Hinh 6. Xac dinh kha nang chdng xam nhap ion dorua theo ASTM (1202

Céc phuong phéap thi nghiém trén dugc lua
chon nhim danh gid anh hudng cta viéc st dung
tro bay va tro day Nha may Nhiét dién Song Hau
1 thay thé mot phan cat min song Hau dén cac ddc
tinh van chuyén va d¢ dac chac ctia bé tong.

4. KET QUA VA THAO LUAN

4.1. Kha nang chong xam nhép ion clorua ctia bé tong

Kha nang chong xam nhdp ion clorua cta bé
tong dugc danh gia thong qua thi nghiém RCPT

theo ASTM C1202, két qua dugc thé hién trén
Hinh 7. Két qua cho thdy dién lugng truyén qua ctia
tat ca cc cip phoi déu gidm khi tudi bé tong tang tu
7 lén 28 ngay, chiing to cdu tric bé tong ngay cang
dac chic nhd qua trinh thay héa tiép tuc phat trién.
Dai véi bé tong doi chiing, dién lugng truyén qua
giam ti 3425C xu6ng 1986C, tuong ting muic giam
khoang 42,0%.

4000 3425 3648

2 3062
3000 290?683

22622104 511 1986

I497 541 595 568 409 337 420

28 ngay
u25TB+25TD 25TB+35TH

2000

1000

0

ngay

7
mBTDBC m25TB+0TD

m25TB+45TD m25TB+55TD W25TB+65TD m25TB+75TD
Hinh 7. Kha nang chdng xam nhap ion dorua ctia bé tong

Viéc sti dung tro bay va tro day thay thé mot
phén cat tu nhién da cai thién dang ké kha nang
chéng xam nhép ion clorua ctia bé tong. Nguyén
nhéan chu yéu do cac hat tro bay min tao hiéu ting
chen 1ap, dong thoi phan ting puzolan hinh thanh
thém cdc san phdm C-S-H tht cdp, gép phan lam
giam do réng mao dan va han ché su di chuyén
cua ion clorua trong bé tong. Két qua nay phu hgp
v6i cac nghién ctiu trude day vé vai tro clia tro bay
trong viéc cai thién d6 dac chac va kha nang khang
ion clorua ctia bé tong [1] [2] [10].

O tudi 7 ngay, cac cip phéi st dung 55-75% tro
ddy két hgp véi 25% tro bay cho kha nang chong
xam nhap ion clorua t6t hon, véi dién lugng truyén
qua dao dong tii 2104-2262C. Trong do, cdp phdi
25TB65TD dat gia tri th4p nhét la 2104C. Xu
hudng nay tiép tuc dugc ghi nhan & tudi 28 ngay
khi 25TB65TD dat dién lugng truyén qua chi
337C, giam khoang 83,0% so v&i bé tong doi chiing
va thudc muc xam nhép ion clorua rat thip theo
ASTM C1202.

Su cai thién cta cip phoi 25TB65TD ¢ thé
dugc giai thich boi su két hop hop ly gitia hiéu ting
lap day cua tro bay va su t6i uu thanh phan hat cta
hé c6t liéu min khi st dung tro day & ham lugng
phu hgp. Két qua nay tuong dong véi nghién ctiu
cua Rafieizonooz va cong su [6], trong do viéc két
hagp tro bay va tro day véi ty 1é thich hgp co6 thé cai
thién ddc tinh ctia bé tong. Nhu vay, trong pham vi
nghién ctiu nay, cap phdi 25TB65TD cho hiéu qua
tot nhat vé kha nidng chéng xam nhap ion clorua
cuia bé tong sti dung cat min song Hau.

4.2. Khd nang hap thu nuéc mao dan ctia bé tong
Két qua thi nghiém hap thu nudc mao dan cta
cac cdp phoi bé tong dugc thé hién trén Hinh 8 va 9.
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Hinh 9. Biéu d6 hap thu mao dan cic cp phéi ctia bé tong & 28 ngay tudi.

Nhin chung, lugng nudc hip thu ctia cdc mau tang
nhanh trong giai doan dau va c¢é xu huéng tang
chdm dan theo thoi gian. Day la dac trung ctia qua
trinh van chuyén nudc trong hé mao quan cua bé
tong, khi tdc do hap thu phu thudc chu yéu vao kich
thudc, thé tich va mtic d6 lién thong ctia hé thong 16
rong bén trong vat liéu.

Két qua cho thdy kha niang hidp thu nudc mao
dan ctia bé tong giam dang ké khi tudi mau ting
ti 7 ngay lén 28 ngay. Su suy gidm nay lién quan
dén qua trinh thay hoa xi méng tiép tuc phat trién
va phan ting puzolan cua tro bay, tao thém cac san
phdm C-S-H tht cip, gop phan ldp day hé thong 16
rong mao dan va lam ting do dac chic cta cu truc
bé tong. Xu huéng nay phu hgp véi cac nghién ctiu
trudc day vé anh hudng tich cuc cta tro bay dén
viéc cdi thién cu tric 16 rong va kha nang chdng
van chuyén nudc trong bé tong [1] [2] [10].

Viéc st dung 25% tro bay thay thé cat tu nhién
giup giam kha nang hdp thu nudc so véi bé tong
d6i chiing nho hiéu ting chen l4p ctia cac hat min.
Khi két hgp véi tro day, kha nang hap thu nudc
phu thudc dang ké vao ham lugng thay thé. O ham
lugng tro day thap (25-35%), su cai thién chua ro
rét do dic diém rdéng x6p va kha nang hut nudec
cua tro ddy. Tuy nhién, khi tang ham lugng tro day
dén muc phu hgp, dac biét trong khoang 55-65%,
su phén bd thanh phan hat trong hé¢ cot liéu min
dugc cai thién, gép phan giam su lién thong cta hé

mao quan trong bé tong. Két qua nay phu hgp véi
nghién ctiu ctia Rafieizonooz va cong su [6] vé viéc
sti dung két hgp tro bay va tro ddy trong bé tong.

Trong pham vi nghién ctiu nay, cip phoi st
dung 25% tro bay két hgp 65% tro day (25TB65TD)
cho hiéu qua t6t nhat vé kha nang han ché hap thu
nudc mao dan. Két qua nay co su tuong dong véi xu
huéng RCPT, cho théy cap phoi 25TB65TD c6 kha
nang cai thién cu truc dic chac va ning cao kha
nang chdng xdm nhdp ctia cac tac nhan bén ngoai
doi véi bé tong sti dung cat min song Hau.

4.3.Dién trd suat bé mat ctia bé tong

Dién tré sudt bé mat ctia cac cip phoi bé tong
dugc thé hién trén Hinh 10. Két qua thi nghiém
cho théy dién trd sudt bé mat ctia bé tong ting theo
thoi gian dudng ho doi véi tat ca cac cap phoi. Xu
hudng nay cho thdy cdu tric bén trong bé tong ngay
cang dugc cai thién do qua trinh thiy héa xi ming
tiép tuc phat trién, dong thoi phan tng puzolan cua
tro bay gép phéan hinh thanh thém cac san phdm
C-S-H thti cip, lam giam d6 rong va han ché su
lién thong ctia hé mao quan trong bé tong [2] [10].

Viéc st dung tro bay va tro ddy thay thé mot
phéan cat ty nhién lam ting ding ké dién trd suit
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Hinh 10. Dién trd suat bé mat cac cap phdi ctia bé tdng

bé mit so véi bé tong do6i ching, dic biét & tudi
28 ngay. Su cai thién nay cht yéu dén ti hiéu ting
chen ldp ctia cac hat tro bay min két hgp véi su diéu
chinh thanh phén hat cua hé c6t liéu min khi st
dung ham lugng tro day phu hgp. Cau tric bé tong
dac chac hon lam giam kha nang di chuyén ctia cac
ion trong dung dich 16 rong, tii d6 gbp phan ning
cao kha nang chéng xadm nhép ion clorua cua bé
tong [11].

Két qua cho thiy cac cip phoi stt dung ham
lugng tro ddy cao két hgp véi 25% tro bay c6 xu
hudng dat dién trd suit 16n hon. Diéu nay pht hgp
v6i két qua thi nghiém hdp thu nudc mao dan va
RCPT, trong d6 cdp phoi 25TB65TD thé hién kha
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nang han ché vin chuyén nudc va ion t6t nhat.
Két qua nay ciing tuong dong véi nghién ctiu ctia
Rafieizonooz va cong su [6], khi viéc st dung két
hagp tro bay va tro day véi ty 1é thich hgp c6 thé cai
thién cdu tric va dac tinh ctia bé tong.

Nhin chung, két qua dién tré sudt bé mat cho
thay viéc st dung két hgp tro bay va tro ddy Nha
may Nhiét dién Song Hau 1 c6 kha ning cai thién
cdu tric ddc chic ctia bé tong st dung cat min
song Hau. Trong pham vi nghién ctiu nay, cap phéi
25TB65TD tiép tuc cho thay hiéu qua tot vé kha
nang han ché sy van chuyén ion, phtt hgp véi xu
huéng cai thién do bén dugc ghi nhan tu két qua
RCPT va hdp thu nudc mao dan.

4.4.Van toc truyén xung siéu am cta bé tong

Van toc truyén xung siéu am cta cac cap phoi
bé tong dugc thé hién trén Hinh 11. Két qua thi
nghiém cho thay tt ca cac cdp phdi bé tong déu dat
gia tri UPV 16n hon 4500 m/s & ca tudi 7 va 28 ngay,
cho thdy bé tong c6 cu truc tuong ddi dic chac va
dong nhat. Theo phuong phép danh gia chat lugng
bé tong dua trén UPYV, cac cap phoi nghién ctiu déu
thuoc nhom bé tong c6 chat lugng tt dén rat tot.

O tudi 7 ngay, mot s cip phdi st dung tro bay
va tro day cé gia tri UPV thip hon nhe so véi bé
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tong d6i chiing. Nguyén nhén c6 thé lién quan dén
dac diém cua tro day véi cdu truc rong x0p va kha
néang hit nudce cao, lam anh hudng dén do déc chac
ctia bé tong & giai doan dau. Bén canh do, phan ting
puzolan cta tro bay thudng phat trién chdm nén
hiéu qua cai thién vi cdu trac chua thé hién 1o &
tudi sém [2].

Khi tudi bé tong ting dén 28 ngay, gid tri UPV
cua cac cdp phoi chita tro bay va tro day tiép tuc
dugc duy tri & muic cao. Diéu nay cho thdy qua trinh
thiy hoa xi mang két hgp véi phan ting puzolan ctia

tro bay da gép phan tinh chinh cdu truc 16 rong,
tang do dac chac va tinh ddng nhat ctia bé tong. Két
qua nay phtt hgp véi cac nghién ctiu trude day khi
cho rang viéc st dung phu phdm khodng véi ty 1é
thich hgp c6 thé cai thién ciu tric vi mo va cac dic
tinh do bén ctia bé tong [10] [11].

Nhin chung, viéc sti dung két hgp tro bay va tro
ddy Nha may Nhiét dién Song Hau 1 thay thé mot
phén cat min séng Hau khong lam suy giam chat
lugng bén trong ctia bé téong thong qua danh gia
UPV. Két qua UPV phu hop véi xu hudng cai thién
cua céc chi tiéu RCPT, hdp thu nudc mao dan va
dién tr& sudt bé mit, qua d6 khang dinh vai tro tich
cuc ctia cip phoi tro bay - tro day phu hgp trong
viéc ning cao do dic chac cua bé tong.

4.5.Thao luan

Két qua tong hop cho théy cac cdp phdi st dung
két hop tro bay va tro day déu cai thién cac chi tiéu
Bang 3. Danh gia tong hap cac chi tiéu dd bén clia céc cap phéi bé
tong

BTHC (a0 Thap Thap Tot Kém nhat
25TBOTD  Trungbinh Tot (a0 Rat tot (i thién
25TB25TD  Trungbinh Tot (ao Rat tot (aithién
25TB35T  (ao Trungbinh ~ Trungbinh  Tot Chua t6i uu
25TB45TD  Thép Tot Rét cao Rat tot Tot
25TB55TD  Ratthdp Rat tot Rét cao Rét tot Rét tot
25TB75TD  Thapnhat Tot (ao nhat Rat tot Tot

do6 bén so véi bé tong doi chiing. Trong do, mac du
cap phoi 25TB75TD dat gia tri t6t nhat & mot s6 chi
tiéu riéng 1é, cap phoi 25TB65TD thé hién su can
bang t6t nhét gitia kha nang han ché hip thu nudc,
chdéng xdm nhép ion clorua, dién trd sudt bé mit va
chét lugng cau truc bén trong. Do do, 25TB65TD
dugc xem la cép phoi toi uu vé do bén trong pham
vi nghién ctiu nay.

5. KETLUAN

Nghién ctiu nay danh gia anh hudng cta viéc
st dung tro bay va tro day ti Nha may Nhiét dién
Song Hau 1 thay thé mot phan cat min song Hau
dén mot s6 chi tiéu do bén cta bé tong. Trén co
s& cac két qua thi nghiém vé kha ning chong xam
nhép ion clorua, hdp thu nuéc mao dan, dién tré
sudt bé mdt va van téc truyén xung siéu am, mot s6
két luan chinh dugc rat ra nhu sau:

(1) Viéc st dung két hop tro bay va tro day thay
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thé mot phan cat ty nhién c6 anh hudng tich cuc
dén cac déc tinh do bén ctia bé tong. Cac cap phoi
sti dung tro bay va tro day nhin chung cho thdy kha
nang giam hap thu nuéc mao dan, giam dién lugng
truyén qua trong thi nghiém RCPT va tang dién tré
sudt bé mat so véi bé tong doi chiing.

(2) Kha nidng chong xam nhap ion clorua ctia bé
tong dugc cai thién ro rét khi st dung ham lugng
tro day phu hgp két hgp véi 25% tro bay. Trong do,
cdp phoi 25TB65TD cho hiéu qua cao nhit véi dién
lugng truyén qua & tudi 28 ngay chi dat 337 C, giam
khodang 83% so véi bé tong do6i chiing. Diéu nay cho
thdy su cai thién dang ké kha nang han ché sy dich
chuyén ion trong ciu tric bé tong.

(3) Két qua thi nghiém hap thu nudc mao dan va
dién trd sudt bé mat cho thdy xu huéng tuong dong
voi két qua RCPT. Cac cip phoi st dung 55-75%
tro day két hop véi 25% tro bay thé hién kha nang
cai thién t6t cac déc tinh van chuyén trong bé tong,
trong d6 cip phoi 25TB65TD cho su can bang phu
hop nhat gitia cac chi tiéu danh gia do bén.

(4) Két qua van toc truyén xung siéu am cho
théy tat ca cac cap phoi bé tong nghién ctiu déu dat
gia tri 16n hon 4500 m/s, phan anh ciu truc bén
trong tuong doi ddc chiac va dong nhit. Viéc thay
thé mot phéan cat tu nhién bang tro bay va tro day
khong lam suy giam chat lugng bé tong theo danh
gia UPV.

(5) Két qua nghién ctiu cho thdy tiém nang st
dung tro bay va tro day Nha may Nhiét dién Song
Hau 1 lam vt liéu thay thé cat tu nhién trong san
xudt bé tong bén viing. Trong pham vi nghién ctiu
nay, cap phoi st dung 25% tro bay két hgp 65% tro
day dugc xem la phuong an phu hgp nhat xét trén
tong thé cac chi tiéu do bén, gép phan tin dung
phu phdm nhiét dién va gidm nhu ciu khai thac
nguodn cat tu nhién tai khu vic Pong bang song
Ctiu Long.Q
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