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Tém tit

Nghién ciru nay danh gia viéc str dung hai loai tro bay nhiét dién st dung cong nghé ddt tang soi tuan hoan
(CFB) va dbt than phun (PC), v6i ham hrong cao 40, 50, 60 va 70% thay thé xi ming dén cuong do va tinh
thim cua bé tong cuorng d6 cao (BCHC). Két qua nghién ctru cho thay cuong d6 nén cia bé tong st dung tro
bay cao (HVFAC) thap hon cudng do nén ciia bé tong ddi chimg ¢ tudi ngén ngay. Tuy nhién nh¢ vao phan
ung puzolan cuong do nén cua bé tong st dung tro bay da dan dugc cai thién ¢ tudi dai ngay (sau 90 ngay).
Tham chi mau bé tong st dung 40 va 50% tro bay PC con c6 cuong do nén dat cao hon 9,1% va 12,3% so voi
cudng d6 nén ctia mau bé tong déi chimg khi ¢ tudi 365 ngay. Viéc sir dung 40-60% tro bay thay thé xi ming
cling da 1am giam thé tich 15 rdng thdm nudce, dd hut nude mao quan va do thdm ion clo trong bé tong & tudi dai
ngay. Cac gia tri nay giam manh ddi véi bé tong sir dung tro bay PC, nhung giam nhe dbi v6i bé tong sir dung
tro bay CFB khi bao dudng trong khoang 28-365 ngay.

Tir khod: bé tong cudng do cao - HSC; tro bay - FA; bé tong ham luong tro bay cao - HVFAC; d6 rdng thdm
nudce; hé sé hat nuée; do thim ion clo.

EFFECT OF TYPE AND HIGH-VOLUME FLY ASH ON THE STRENGTH AND PERMEABILITY PROP-
ERTIES OF HIGH-STRENGTH CONCRETE

Abstract

This study evaluated the use of two types of thermoelectric coal fly ash using circulating fluidized bed (CFB)
and pulverized combustion (PC) technology, with high contents of 40, 50, 60 and 70% replacing cement to
the strength and permeability properties of high-strength concrete (HSC). Research results showed that the
compressive strength of the high-volume fly ash concrete (HVFAC) are lower than that of the control concrete
at short-term ages. However, thanks to the pozzolanic reaction, the compressive strength has gradually improved
over the long term (after 90 days). Even concrete samples using 40 and 50% PC fly ash also had a compressive
strength higher 9.1% and 12.3% compared to the compressive strength of the control concrete at 365 days. The
use of 40-60% fly ash in combination with cement has also reduced permeable voids, lower capillary water
absorption and chlorine ion permeability than the control concrete sample in long-term curing. These values
drop sharply within concrete using PC but lighten in CFB concrete that is cured for 28-365 days.

Keywords: high strength concrete - HSC; fly ash - FA; high volume fly ash concrete - HVFAC; permeable void;
water sorptivity; chloride permeability.
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1. Gioi thiéu
Bé tong 1a mot trong nhitng loai vét liéu xdy dung phd bién nhat trén trai dat. Tuy nhién, san xut
bé tong can lugng 16n cac nguon vat liéu tu nhién va viéc san xuat xi mang lam phat sinh lugng 16n
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khi thai CO; va céc loai khi khac gy hiéu img nha kinh [1, 2]. Do d6, nhiéu nghién ciru da thir nghiém
va danh gia kha ning st dung cac loai vat liéu phé thai dé thay thé xi mang nham ting hiéu qua bén
vimng va giam gia thanh san xuét bé tong [3—5]. Trong khi d6, lugng tro bay phat sinh tir cdc nha may
nhiét dién d6t than ngay cang 16n ma chua duogc tan dung triét dé. Trung binh, dé san xuét 1 kW dién
thi can d6t t6i 0,51 kg than [6] tao ra khoang 0,122 kg tro bay va 0,031 kg xi day [7]. Tro bay da dugc
str dung rong rai trong san xuit xi mang va bé tong chu yéu nho vao kha ning puzolan va giam nhiét
lwong thiy héa [7-9]. Cho nén, tro bay da va dang dugc tan dung khong chi nham giam lugng tiéu
thu xi mang va ha gia thanh bé tong, ma con han ché chi phi xur 1y va dién tich bai chon lap [4, 7]. Tuy
thudc vao loai nhién liéu than sir dung va cong nghé dbt khac nhau (cong nghé dét ting soi tuan hoan-
CFB va cong nghé dot than phun - PC), tro bay sé& ¢ cac dic tinh va sy anh hudng khac nhau dén tinh
chat ciia hdn hop bé tong va bé tong [9, 10]. Tro bay PC thudng c6 hat dang hinh cu c6 kha ning
tao hiéu Gmg 6 bi s& 1am ting d6 dic chic, tinh déo cia CKD va hdn hop bé tong [11]. Loai tro nay
thuong co hoat tinh cao hon tro bay CFB do CFB thuong st dung than c6 nhiét tri thip va ham luong
lru huynh cao, nhiét d6 d6t thap (800-900 °C) nén phan 16n vat liéu khong chay trong than chua bi
nong chay [7]. Cac hat tro bay CFB thuong c6 hinh dang géc canh, ty dién tich mé mat 16n va c6 do
rong x6p 16n nén lugng nudce tron trong hdn hop bé téng can 16n hon so véi khi sir dung tro bay PC
[7, 12]. Vi vdy, viéc nghién ctru ddnh gia anh huong cta loai va ham luong tro bay dén tinh chét bé
tong trude khi sir dung 1a can thiét.

Khi str dung tro bay c6 thé lam giam hién twong phan ting tich nudc va cai thién tinh cong tac
ctia hdn hop bé tong [4], giam cuong d6 ¢ tudi sém nhung ting cudng d6 ¢ tudi mudn cia bé tong [9],
thay d6i tinh thAm va anh huéng dén d6 bén ctia bé tong [13]. Supit va Shaikh [14] da chi ra rang viéc
dua tro bay vao bé tong da lam giam thé tich 16 rong thAm nudc 6-11% so véi bé tong thuong. Hon
nita, su anh hudng ctia ham luong tro bay khac nhau dén 18 réng thAm nudc 13 khac nhau. Mardani-
Aghabaglou va cs. [15] lai cho rang bé téng sir dung tro bay c6 do rdng thim nudc cao hon so voi
cac mau dbi ching va do rong tang 1én khi ham luong tro ting 1én. Nhung Gopalan M.K. [16], Haque
M.N. va Kayaly O. [17] lai cho rang tro bay lam giam tinh tham cta 16p d4 xi méing ciing nhu ving
giao dién chuyén tiép xung quanh cac hat c6t liéu. Do d6 hé sé hut nuéc cua bé tong s& giam. Wang
va cs. [18] da chimg minh rang tro loai F ¢6 hiéu quéa nhét trong viéc giam tinh thim ion clo cua bé
tong, nhung mac dd giam con tuy thudc vao do min va ham lugng tro bay sir dung [19]. Mic du tro
bay da duogc nhiéu nghién ctru thuc hién, nhung van c6 mot sd két qua trai ngugc nhau vé tinh thAm
ctia bé tong. Cac tinh chat hoa 1y ciia tro bay chu yéu tily thudc vao loai than va cong nghé ddt cho
nén anh hudng 16n dén dic tinh co hoc va do bén cua bé tong.

Bé tong cudng do cao (BCPC) da va dang duoc st dung phd bién trong xay dung hién dai véi
nhiéu vu diém vuot troi nhu su phat trién cuong do nhanh, cho cudong dé va kha nang chiu luc 16n,
ttr 6 cho phép giam kich thude cau kién va khdi luong bé tong sir dung, kém theo rat ngin tién do
thi cong. Bén canh d6, d6 bén va kha nang chdng dn mon, chéng tham ctia BCDC 16n s& cho phép
kéo dai tudi tho két cAu bé tong va cong trinh. Tuy nhién, hau hét cac cip phdi hdn hop BCDC st
dung lugng ding xi ming 16n hodc sir dung CKD hdn hop gitra xi ming va silica fume [20]. Viéc bb
sung silica fume c6 lgi vé d6 bén va cudng do, nhung hdn hop bé tong kha dinh quanh, kho thi cong
[5]. Do d6, can tang luong 16n phu gia hoa déo dé dam bao tinh cong tac va kha ning van chuyén, thi
cong cua hdn hop bé tong. Hon nita tai Viét Nam, silica fume phai nhap khau va co gia thanh cao hon
nhiéu so véi xi mang cho nén gia thanh BCDC ciing tang 1én réat cao, kho timg dung cho cac két cau
cong trinh pho thong. Trong khi d6 luong tro bay nhiét dién phat sinh ¢ Viét Nam kha 16n ma chwa
duogc tan dung triét dé [7, 21]. Do do, viéc phat trién BCDC st dung tro bay ham lugng cao dé thay
thé silicafume 1a mot giai phap kha thi, dem lai “loi ich kép” khong nhiing giam gia thanh, ting tinh
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bén viing va ting cudng kha ning tng dung ciia BCDC, ma con giam luong tro bay thai ra cc bai
chtra cua nha may nhiét dién dbt than & Viét Nam.

Xuét phat tir nhitng thyc té trén, nghién ctru nay tap trung danh gia viéc st dung tro bay nhiét dién
tir hai cong nghé CFB va PC, véi ham luong 40, 50, 60 va 70% thay thé xi miang dén cudong do nén
va tinh thim cia BCDC. Dé danh gi4 tinh thdm cta bé tong, nghién ctru da x4c dinh d6 réng thim
nudc, hé s6 hut nwéc mao quan va do tham ion clo & ca tudi bao dudng ngin ngay va dai ngay (t6i
365 ngay). Cac két qua dugc phan tich va so sanh véi BCDC chi sir dung xi mang poocling. Bén canh
d6, két qua nghién ctru hinh anh chyp anh vi cau trac bang kinh hién vi dién tir quét (SEM) ciing dugc
thuc hién dé quan sat ciu tric cac ving trong mau bé tong.

2. Vit liéu va phwong phap nghién ctru

2.1. Vat ligu sw dung

Xi ming sir dung trong nghién ctru 1a xi miang poodc ling thuong PC50 Cam Pha (XM). Két qua
tinh chat k¥ thuét ctia xi mang dat mac PC50 theo TCVN 2682: 2020 [22] (Bang 1).

Bang 1. Tinh chit co Iy cia xi méng va tro bay

STT Chi tiéu Phuong phap thi nghiéem Ponvi XM PC CFB
1 Khdi lugng riéng TCVN 4030:2003 [23]  g/em® 3,06 237 2,5
2 Do min lot sang (90 pm) TCVN 4030:2003 [23] % 0,8 4,6 58
3 Luong nudc tiéu chuén TCVN 6017:2015 [22] % 29,5 21,0 50,5
4 Thoi gian dong két TCVN 6017:2015 [22]

- Bit dau Phat 85 - -

- Két thic Phit 165 - -
5  Cuodng d6 nén/Hoat tinh cuong do* TCVN 6016:2011 [24]

- 7 ngay MPa/% 41,3 62,8 72,5

- 28 ngay MPa/% 57,6 86,9 88,3

Ghi chu: *Gia tri cuong d6 nén (MPa) dbi voi mau xi mang va gia tri hoat tinh cuong d6 (%) dbi voi mau tro
bay PC va CFB.

C6t liéu nho duoc sir dung 1a cat ty nhién hat thé (CV) va bt lidu 16m duoc st dung la da dam
Dnax = 10 mm (PD). P4 ddm Dy« = 10 mm dugc sir dung nham tang su 6n dinh cau tric va cuong
d6 hon hop cbt liéu 16n. Tinh chit co 1y va thanh phan hat cta cdt liéu duoc xac dinh theo TCVN
7572:2006 [25], két qua thu dwoc trinh bay tai Bang 2 va Hinh 1. C6 thé thiy rang CV va BD sir dung
dam bao cac yéu cau ki thuat theo TCVN 7570:2006 [26].

Bang 2. Tinh chét co 1y cua cat ty nhién va da dam Dy, = 10 mm

STT Chi tiéu Pon vi Cv bD
1 Khdi lwong riéng g/em’ 2,66 2,75
2 Khéi luong thé tich & trang thai kho g/cm3 2,58 2,70
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STT Chi tiéu Pon vi [6\% bD
3 Khéi lugng thé tich ¢ trang thai bio hoa g/em’ 2.61 2,72
4 Do hat nude % 1,1 0,6
5 Khdi lugng thé tich d6 dong g/em® 1,55 1,48
6 Ham luong bui bun sét % 1,8 2,36
7 Ham lugng hat > 5 mm % 1,67 -
8 M6 dun do 16n - 3,04 -
9 Do nén dap % - 39
10 Ham luong hat thoi det % - 4.6
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Hinh 1. Thanh ph?m hat cua céc loai vat li¢u su dung

Tro bay st dung duoc lay truc tiép tir xi 16 chira cua hé théng loc bui ctia nha may Nhiét dién
Quéng Ninh va Nha may Nhiét dién Cam Pha (tinh Quang Ninh). Tro bay cia nha may nhiét dién
Quang Ninh sir dung cong nghé d6t than phun (PC), con nha may nhiét dién Cam Pha sir dung cong
nghé d6t than tang soi tuan hoan (CFB). Két qua phan tich thanh phan hoa cta hai mau tro bay duoc
trinh bay tai Bang 3. Ham lugng sét trén sang 45 um tuong trng cua tro bay PC va CFB 1a 21,4% va
20,9%.

Béng 3. Thanh phan hoa hoc cuia cac loai tro bay st dung

LO!;li tro bay A1203 SiOz KzO CaO Ti02 F6203 SO3 BaO P205 Khac MKN

Trobay PC~ 24,8 51,8 59 2,1 33 9,6 1,7 02 05 0,1 6,58
Trobay CFB 24,8 493 63 64 18 9,6 0,7 02 02 0,7 6,81

Qua Bang 3 cho thay ca hai loai tro bay PC va CFB déu c6 ham lugng CaO nhoé hon 10% nén
cac mau tro bay sir dung déu thudc loai tro bay axit (loai F) theo TCVN 10302:2014 [27]. Téng ham
luong 6xit (Si0; + Al, O3 + Fep,O3) cua tro bay PC va CFB tuong tng 14 86,2% va 83,8%; ham lugng
mét khi nung (MKN) 1a 6,58% va 6,81% déu 16n hon 6% nén khong ding duge 1am phu gia cho xi
ming theo ASTM C618 [28] va TCVN 10302:2014 [27]. Tuy nhién, do ca hai loai than sir dung déu
¢6 ngudn gdc tir than dng tra xit nén ca hai loai tro bay déu c6 thé lam phu gia khoang ding cho ché
tao san pham va cau kién bé tong, bé tong cot thép lam viéc trong diéu kién dic biét [27].

Phu gia héa hoc duoc sir dung 12 phu gia giam nudc cao va ran nhanh c6 gbc Poly cacboxylat bién
tinh, c6 khdi lwong riéng 1,12 kg/lit va d6 pH bang 6,5. Nudc tron va bao dudng bé tong sir dung 1a
nudc may sinh hoat.
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2.2. Cap phéi hén hop bé tong

Nghién ctru duoc thuc hién trén co s cap phdi bé tong cuong do cao > 60 MPa (BCPC) duoc
thiét ké theo TCVN 10306:2014 [29]. Cac loai cap phdi hdn hop bé tong bao gdm: bé tong ddi ching
sir dung 100% xi mang (DC); bé tong c6 st dung 40, 50, 60 va 70% xi mang duoc thay thé bang tro
bay PC (ki hi¢u 1a 40PC, SOPC, 60PC va 70PC) hodc tro bay CFB (ki hi¢u 1a 40CFB, S0CFB, 60CFB
va 70CFB). Thanh phan cac vat liéu cho 1 m® bé téng dugc trinh bay trén Bang 4. Do khéi luong
riéng cua tro bay PC va CFB nhé hon so v6i xi mang nén dé dam bao tong thé tich 1 m® bé tong thi
khdi lugng cdt lidu dugce diéu chinh giam, nhung van dam bao ty 1¢ Cat/Da khong ddi. Cac cap phdi
hdn hop bé tong sir dung CFB ¢6 lugng nude tron va lugng phu gia héa déo 16n hon so vdi hon hop
bé tong PC nhim dam bao do sut ciia cac hdn hop bé tong twong duwong nhau va dat 202 cm.

Béng 4. Thanh phan vt liéu va do sut cua hdn hop bé tong

Kihiéu  Ty1étro CKD, kg Cat, Da, Nuée, PG, Dosut,

STT cép phéi bay, % XM TB kg kg lit lit cm
1 bC 0 560 0 845 913 141 4.2 18,5
2 40PC 40 336 224 817 883 141 4.2 22,0
3 50PC 50 280 280 810 876 141 4.2 22,5
4 60PC 60 224 336 804 868 141 4.2 22,0
5 70PC 70 168 392 797 861 141 4.2 20,0
6 40CFB 40 336 224 824 890 171 6.2 22,0
7 50CFB 50 280 280 818 884 171 6.2 21,0
8 60CFB 60 224 336 813 879 171 6.2 19,0
9 70CFB 70 168 392 808 873 171 6.2 18,0

2.3. Phwong phap nghién ciru
a. Phuong phap bao dudng mau va xac dinh cuong do nén

Hon hop bé tong dugc léy mau, dic mau va bao dudng dua theo TCVN 3105:1993 [30]. B6 sut
hdn hop bé tong dugc xac dinh bang TCVN 3106:1993 [31]. Cac mau xac dinh cudng do nén, do rong
thAm nude, do hut nude mao quan la mau 1ap phuong c6 kich thudc 1a 10 x 10 x 10 cm; mau xac dinh
d6 tham ion clo 1a mau tru d x h = 10 x 20 cm. Cac miu dugc duc va bao dudng 1 ngay trong khudn
thép & diéu kién khong khi cuia phong thi nghiém, sau d6 mau duoc thao khuon va bao dudng dén cac
thoi diém thi nghiém ¢ 1, 3, 7, 28, 90, 180 va 365 ngay. Trong 27 ngay dau mau dugc bao dudng bang
cach ngam trong nude, sau d6 cac mau duge vét ra va tiép tuc bao dudng trong khong khi dén khi thi
nghiém. Cudng do nén mau bé tong duoc xac dinh theo TCVN 3118 [32].
b. Phuong phap xéac dinh d6 rdng thim nudc

bo r5ng thAm nuéc caa mau bé tong dugc xac dinh dua theo tiéu chudn ASTM C642:21 [33].
Trinh ty thi nghiém va tinh toan cy thé nhu sau:

- Say kho mau bang ti siy ¢ nhiét do 105+5 °C trong 24 gid, sau d6 dé ngudi va xac dinh khoi
lugng mau khé duogc A (g).

- Cho mAu vao binh ngdm mau ngip nudc va dun sdi trong 5 gid, sau d6 dé ngudi dén nhiét 46
phong rdi vét ra lau am bé mit. Xac dinh khéi lugng mau trong khong khi duge B (g) va trong nudc
duoc C (g).
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- Po rdng thim nudc, r, (%) duge tinh theo cong thic (1):

B-A

¢. Phuong phép xac dinh 6 hat nuéc mao quan

Trinh tu tién hanh thi nghiém xac dinh d6 hiit nudc mao quan ciia bé tong theo tiéu chuan ASTM
C 1585-20 [34] nhu sau:

Mau thir dén tudi thi nghiém dugc séy o nhiét do 10545 °C trong 24 gid. Sau khi séy, bo mau ra
ngoai va dé nguoi trong binh chéng 4m dén nhiét d6 phong thi nghiém, chon mit tiép xuc voi nude 1a
I mat tiép xuc v6i thanh khuon va do kich thude dé xac dinh tiét dién mit mau, F (mm?). Dung son
chéng thim epoxy son phu xung quanh mau thir, trir 2 mat mau 1a tiét dién s& tiép xtc véi nude va
mit d6i dién. Can son kj dé dam bao nudc khong tham tir cac mit xung quanh. Sau khi son chéng
thim kho, dung but danh dau khoang cach 50mm tir mit tiép xac véi nudc trd 1én. Can khéi luong
mau sau khi son duogc gia tri mog;s (g), chinh xac téi 0,05 g.

Dit miu thir trén hai diia thuy tinh trong 4u thity tinh (au ¢6 chiéu cao > 100 mm), sau d6 d6 nuéc
vao khay dén vach di danh du va ghi lai thoi diém bat ddu cho nude vao (Hinh 2). Sau cac khoang
thoi gian: 1, 5, 10, 30, 60, 120, 180, 240, 300, 360, 420, 480, 1380 va 1440 phut (24 gid) ké tir thoi
diém d6 nudc, tién hanh v6t mau ra ngoai, dung khin 4m lau hét phan nude nho giot trén mit mau va
can ngay, m, (g). Sau d6 lai dat mau vao trong khay dé tiép tuc thi nghém. P9 hiit nwéc mao quan tai
cac thoi diém thi nghiém dugc tinh theo cong thic (2):

my — Moss

iy = @)

Lép son Epoxy A

M4u Bé tong

Piia thuy tinh Thoi gian ngam mau
(a) So dd thi nghiém (b) Biéu d6 quan hé i, va s>

Hinh 2. Thi nghiém xéac dinh h¢ s6 hut nudc mao quan cia bé tong

V& biéu dd quan hé giita do hut nude mao quan (i;) va can bac hai cia thoi gian ngdm nude (s*°)
(Hinh 2). Sau d6 v€ duong thang gan dung nhat qua cac gia tri thi nghiém dé xac dinh hé¢ s6 hit nudc

mao quan (H,,) nhu cong thire (3):
ltf — 10
Hy, = ——

Viy

trong 46 i, 1a gia tri cia i trén duong thang gan ding tai thoi diém tr, don vi kg/m?; i 1a gia tri cta i
trén duong thing gin dung tai thoi diém 7 = 0 s, don vi kg/m?; t7 1a thoi gian ngdm mau sau 24 gio,

tr = V86400 (giay™).

)
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d. Phuong phép xéac dinh d6 tham ion clo

Do thim ion clo ciia bé tong dwoc xac dinh theo TCVN 9337:2012 [35]. Phuong phap nay xéac
dinh nhanh d6 thim ion clo qua bé tong bang phuong phap do dién luong truyén qua mau thir. Phuong
phap do dién lugng truyén qua dugc tién hanh dya trén nguyén tic ap dong dién mot chidu co dién
thé 60 V vao hai mit ctia mau thtr, mot mit duoc tiép xtic v6i NaCl 3% ndi v6i cuc am, mat kia tiép
xtc v6i dung dich NaOH 0,3 N ni v6i cuc duong. Kha ning thim ion clo qua bé tong dugc xac dinh
thong qua gia tri tong dién luong truyén qua mau thir trong thoi gian 6h va duogc chia thanh cac mic:
cao, trung binh, thip, rat thap, khong thim [35].

e. Phuong phap phan tich vi cdu triic

Phan tich vi c4u triic cac ving mau quan sat dwoc thuc hién bang phuong phap phan tich hinh anh
chup bang kinh hién vi dién tir quét (SEM).
3. Két qua va ban lun
3.1. Cuwong dg nén va su phdt trién cuwong dé nén

Su anh hudng cia loai va ham lugng tro bay dén cudng do nén trung binh ctia ba mau bé tong tai
cac tudi bao dudng khac nhau duogc trinh bay trong Hinh 3 va Hinh 4.
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=7 =
£ 60 4 5 60
«©- «©
S S
& 40 & 40 -
£ | £
= i =
© 20 4§ © 20 4
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Hinh 3. Anh hudng ctia loai tro bay PC va CFB dén sy phat trién cudng do nén
cua bé tong cuong do cao

C6 thé thdy rang, cic mau PC khong c6 tro bay cho cuong dd nén sém khé cao dat 60,9 MPa;
71,1 MPa va 79,5 MPa ¢ 1, 3 va 7 ngay ran chic. Su phat trién cudng do nén cua bé tong ting manh
dén 28 ngay va dat 82,4 MPa. Nhu véy khi tinh quy d6i vé cuong do mau try, mau DC dat yéu cau cia
BCDC [29]. Tuy nhién, sau 28 ngay rin chic, téc d6 ting cuong do nén tré nén 6n dinh va dén 365
ngay bao dudng dat 96,1 MPa. Viéc st dung tro bay thay thé xi mang da lam giam cuong d6 nén cia
bé tong & tudi sém va khi ham lugng tro bay ting thi mirc do suy giam cuong d6 cang ting, nhung
cuong do cai thién dang ké ¢ tudi mudn (Hinh 3). Sau 7 ngay bao dudng cudng do nén ciia bé tong co
40, 50, 60 va 70% tro bay PC hoac CFB lan luot dat 68,7; 61,1; 39,8 va 29,8 MPa (giam 4,8-62,5% so
voi mau PC) hoic 65,4; 46,1; 41,6 va 38,4 MPa (giam 14,7-51,7%). Tro bay thay thé xi mang trong
bé tong lam giam sb luong cac san pham thay hoa do d6 dan dén cuong d6 nén & tudi sém thap. Cac
két qua nay phu hop véi nhitng nghién ctru trude day [8, 36, 37]. Nhung su phat trién cudong do ¢ tudi
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mudn (sau 90 ngay) cia BCDC c6 tro bay ting nhanh hon so v§i mau BC nén mirc d6 giam cuong do
16n nhat chi con 14,5% ddi véi bé tong str dung 70% tro bay PC va 38,0% ddi vdi tro bay CFB & tudi
365 ngay bao dudng. Cac mau bé tong st dung 40-50% tro bay c6 cudng do nén cai thién dang ké tir
28 ngay dén 365 ngay. Cac mau cd 60-70% tro bay thé hién cuong do ting nhanh tir 90 dén 365 ngay
rin chéc. Riéng ddi voi bé tong st dung 40 va 50% tro bay PC (40PC, 50PC), cudng d6 nén di co thé
vuot 4,4-9,1% cudng dod nén ciia mau bé tong PC sau 90 ngay bao dudng va vuot téi 8,9-12,3% sau
365 ngay bao dudng. Piéu nay 14 do cac hat tro bay c6 kich thudc nho da lap day 16 réng lam ting
dd dac vi cAu trac cua bé tong; cung voi ty dién tich bé mit va ham lugng silica vo dinh hinh cao da
thiic ddy phan tmg pozzolanic tao cic san phim bén viing va do d6 cai thién cuong do bé tong tudi
dai ngay hon [5, 20].
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Hinh 4. Anh huong cuia ham luong tro bay PC va CFB dén cuong do nén cua bé tong cudng do cao

Khi so sanh anh hudng cta hai loai tro bay dén cuong do nén cua bé tong cho thiy mirc d lam
suy giam cuong do cua bé téng sir dung CFB 16n hon nhiéu so vé6i bé tong st dung PC (Hinh 4).
Sau mot nam bao dudng, cac mau bé tong sir dung CFB chi dat 80,4; 70,4; 66,4 va 59,6 MPa (giam
16,3-38,0% so voi mau PC va thép hon 34,2- 48,7% véi mau bé tong sir dung lan luot 40, 50, 60 va
70% PC). Nhung chi riéng cuong d6 mau 70CFB & tudi rat sém tai 1 va 3 ngay dat 15,1 va 28,3 MPa
16n hon so véi mau bé tong 70PC (11,9 va 24,5 MPa). Diéu nay c6 thé 1a do bé mit hat tro bay CFB
c6 dic tinh nham rap, goc canh 16n nén lién két tiép xtic v6i da xi mang tot; hat tro bay c6 cu tric
rong x6p nén hit nhidu nude cua da xi mang da thuc day phat trién cuong do sém cua 16p chat két
dinh mic du ty 16 N/CKD cuia hon hop bé tong sir dung tro bay CFB cao hon trong hon hop bé tong
sir dung tro bay PC va mau DC.

3.2. D¢ rong tham mude

Dé danh gia thé tich 16 rdng ho ciia bé tong, nghién ctru nay di xac dinh ham luong 16 rdng thdm
nudc (r,). Thi nghiém nay dénh gia duoc thé tich cac 16 rdng mao quan, 16 rong gel, 15 rdng khong khi
va cac vét nirt sidu nho trong bé tong [37]. Quan hé giita ham luong tro bay va do réng thim nudc dugc
thé hién trong Hinh 5. C6 thé thay rang sau 28 ngay ran chic, d6 rong thim nudc cia cac mau BCHC
1a 8,2%, con cua BCBC st dung 40-70% tro bay PC va CFB lan luot dat 8,0-8,6% va 9,2-10,3%. Do
rong thdm nudc cua bé téng cb tro bay CFB cao hon chu yéu 1a do ty 16 N/CKD = 0,31 cao hon nhiéu
so v6i N/CKD = 0,25 cua bé tong DC. Mit khac, khi ham luong tro bay thay thé xi mang ting, do
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rong thdm nudc ting dan dbi véi bé tong ¢ tudi trude 90 ngay bao dudng, nhung giam dan dbi véi bé
tong sir dung tro bay PC & cac tudi bao dudng sau 90 ngay. Sau 90 ngiy bao dudng, d6 rong thim
nudc cia bé tong st dung tro bay PC giam con 6,8-7,0%. Muc d9 giam con 16n hon chi con 3,9-4,6%
d6i v6i bé tong str dung PC khi & tudi 365 ngay. Trong khi d6 do rong thAm nudc cua bé tong st dung
CFB 6 tudi 365 ngay van dat 4,7-5,3%. Hiéu qua giam d¢ rdng tham nudc trong bé téng c6 tro bay
nhd vao hai hiéu tng chinh Ia: (1) Cac hat tro bay c6 thé xam nhép 1ap day hodc lam giam kich thudc
16 rdng vi cdu triic; (2) Do sy hydrat hoa ctia xi ming va phan tng puzolan trong chit két dinh s& lam
giam hé thdng cac 16 réng mao quan va 16 rdng gel trong bé tong. Nhu vay viéc sir dung tro bay ¢
thé 1am tang kha nang chong thim va kha ning chiu luc cia bé tong, dic biét & tudi dai ngay.
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Hinh 5. Anh huéng ctia ham lugng tro bay PC va CFB dén d¢ rong thdm nudc cia bé tong cuong do cao

3.3. D¢ hut nuéc mao quan

Anh huong cua loai va ham lugng tro bay dén d hit nude mao quéan cua bé tong duoc trinh bay
trén Hinh 6 va Hinh 7. C6 thé thdy ring d6 hut nudc mao quan cua tat ca cac loai bé tong déu phu
thudc tuyén tinh vao cin bac hai ciia thoi gian ngdm mau trong nude (Hinh 6). DO hat nuée mao quan
cua bé tong st dung tro bay PC la twrong dwong d6 hut nudc mao quan cua bé tong DC, nhung bé tong

=
.
wn

+ 70PC a + 70CFB
T 0 % 4.0 60CFB
£ 60PC 5
235 533 50CFB
— 50PC -
~ 30 £ 3.0
-3 ® 40PC 3 1 40CFB
525 25 .pc
ADC 8 —a
g 20 £ 2.0
= Q
8 L5 ‘;S 15
g 1.0 = 1.0
205 = 05
«Q-
200 ® 0.0
0 100 200 300 0 100 200 300
Thoi gian hut nwéc, gidy®s Théi gian hut nude, gidy™s
(a) Tro bay PC (b) Tro bay CFB

Hinh 6. Anh huong cua ham luong tro bay PC va tro bay CFB dén d6 hat nuée mao quan
ctia BCDC ¢ tudi 28 ngay
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st dung tro bay CFB lai c6 d¢ hut nudc mao quan cao hon nhiéu. Cu thé do hut nuéc mao quan sau
24h ngam nudc cia mau DC & tudi 28 ngay 1a 1,23 kg/m?, con cua cac mau bé tong sir dung 40, 50,
60 va 70% tro bay PC lan luot 14 0,99; 1,10; 1,52 va 1,96 kg/m?, con ddi v6i cac mau bé tong ¢ tro
bay CFB cac gia tri nay twong ung 1a 2,10; 2,78; 3,30 va 4,10 kg/mz. Do hut nwéc mao quan cia bé
t6ng str dung tro bay CFB cao hon nhiéu so véi d6 hut nude mao quan ciia bé tong st dung tro bay PC
va bé tong DC 1a do c6 ty 18 N/CKD = 0,31 cao hon nhiéu so véi ty 1¢ nay trong bé tong str dung PC
va bé tong DC (N/CKD = 0,25) nén luong nudc du nhidu khi bay hoi trong qua trinh rin chic cta bé
tong sé& tao ra hé thong 15 rdng mao quan nhidu hon. Sau moét ndm bao dudng do hut nude mao quan
ctia bé tong PC, 50PC va 50CFB giam 5 rét chi con 1an luot 13 0,78; 0,68 va 1,11 kg/m?. Diéu nay la
do s luong cac san pham thity hoa trong xi mang va hdn hop chat két dinh ting nén 1am giam manh
ham lugng 16 rong mao quan trong BCDC.
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Hinh 7. Anh huéng ciia ham luong tro bay va thdi gian bao dudng dén hé sb hiit nude mao quan cia BCBC

Qua quan sat trén tat ca cac mat mau déu khong co xuét hién nude mao dan trén bé mat, nén theo
tiéu chudn ASTM C1585:21 [34] chiing ta x4c dinh dugc cac hé sd goc ciia cac duong thang gan ding
trén Hinh 6 chinh 13 hé sb hat nuéc mao quan cua cac loai BCDC. H¢ sb nay sé thé hién toc do do
hat nude mao quan cua cac loai bé tong theo thoi gian tiép xtc véi nude. RS rang hé s6 do hit nude
mao quan ciia bé tong ¢ tudi 28 ngdy ¢ xu hudng ting dan khi ting ham lugng tro bay (Hinh 7(a))
va giam theo thoi gian bao dudng (Hinh 7(b)). Hé s6 hut nudc mao quan ciia mau DC & 28 ngay la
30 x107* kg/m?.s%, con cia bé téng sir dung 40-70% tro bay PC 1a (31-60) x10™* kg/m?.s*> va bé
tong st dung tro bay CFB 14 (71-127) x10™* kg/m?.s%>. Sau mot nim bao dudng, cic gia tri nay cia
mau bé tong DC, 50PC va S0CFB giam manh lan luot 13 22,1%; 38,6% va 61,4% so voi mau bé tong
& tudi 28 ngay. Do thoi gian bao dudng lau hon cho phép xi ming va hdn hop chat két dinh tiép tuc
thily hoa va thuc hién phan ing puzolan 1am giam cac 16 rdng mao quén trong bé tong. Hon nita, tro
bay ciing dong vai trd nhu mot loai chat két dinh 1am giam cac 16 rdng lién két va giam do day cua
ving giao dién chuyén tiép giita chat két dinh va cdt liéu [38]. Do d6, BCDC ¢ tro bay s& c6 mirc do
giam do réng mao quéan cao hon & tudi dai ngay.

3.4. Po tham ion clo

Tinh thim ion clo cia BCDC dugc xac dinh bang phwong phap thir thAm nhanh [35]. Tong dién
lugng truyén qua cac mau thir trong 6 gio 1a mot chi s6 cho thay kha niang xdm nhap cua ion clo qua
bé tong. Tong lugng dién tich di qua cac mau bé tong & cac thoi gian bao dudng khac nhau dugc thé
hién trén Hinh 8. C6 thé thy ring cic mau BCPC c6 tro bay cho kha ning thim ion clo thip hon
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nhiéu so véi mau BCDC ko ¢6 tro bay & ca tudi 1200
28 ngay dén 365 ngay. Sau 28 ngay ran chic, tong
dién lugng truyén qua mau DC 1a 1093 Culong,
nén sy xam nhép cua ion clo & mirc do thAm thép
theo TCVN 9337:2012 [35]. Con dbi véi bé tong
sir dung tro bay PC va CFB, tong dién luong truyén
qua 1an luot 13 647 va 726 Culong (thp hon 40,8%
va 33,6% so véi mau DC), }(hé nang thém ion c}o o
cua ca hai loai bé tong nay déu 6 murc rat thap. Dicu BC SO0PC 50CFB
d6 chimg t6, tro bay c6 tac dung lam ting do bén
an mon cua bé tong trong moi truong xam thuc va
BCDC st dung tro bay PC c6 kha nang lam ting
kha nang chéng thim ion clo cia BCPC cao hon
nhiéu so v6i BCDC st dung tro bay CFB [38]. Diéu nay 1a do trong qua trinh thuy héa, cac 15 rong
mao quan c6 kich thudc 16n trong bé tong da dugc lap day bang cic san pham thuy hoa dan dén lam
giam kich thu6c 18 rdng va han ché cac 16 rdng hd théng nhau [39, 40]. Mit khac hat tro bay PC
thuong c6 dang hinh cau, bé mat tron nhin nén lwong can nudc thap hon nhiéu so véi tro bay CFB,
cho nén ty 1¢ N/CKD trong bé tong thap hon va cau triic bé tong st dung tro bay PC ciing dic chic
hon bé tong st dung tro bay CFB [41].

Hon nira khi BCDC tiép tuc dugc bao dudng & tudi dai ngay 90-365 ngay, mirc do giam do tham
ion clo ciia cac loai bé tong c6 tro bay ciing cao hon nhiéu so véi bé tong DC. Tong dién lugng truyén
qua mau bé tong S0PC & tudi 90, 180 va 365 ngay lan luot giam 58,0-80,5% so vi mau & tudi 28
ngay; mau bé tong S0CFB & tudi 90, 180 va 365 ngay giam 39,7-79,8% so v6i miu & tudi 28 ngay.

Trong khi d6 mau bé tong DC & tudi 90, 180 va 365 ngay co téng dién luong truyén qua chi giam
38,1-66,2%. Trong khi tong khéi luong CKD trong hdn hop bé tong 1a khong ddi, sy x4m nhap cua
ion clo vao bé tong phu thudc vao hai yéu té chinh: (1) thé tich cac 156 rdng lién két ciia bé tong; va
(2) ndng do dung dich cac ion hydroxyl ty do trong 15 rdng. Viéc sir dung tro bay thay thé xi ming da
lam giam thé tich cac 15 rong lién két dan dén 1am ting do chic chin vi cdu triic cta bé tong so voi
méu bé tong DC. Ngoai ra, viéc bd sung cac hat tro bay con co thé lién két vai cac ion hydroxyl, lam
giam do kiém cua dung dich trong hé thng 16 xdp va do dé ngin can sy di chuyén cac dién luong
va x4m nhép ciia cac ion clo [42]. Két qua nay ciing phit hop vdi cac tai lidu nghién ctru trude day
[5,7,13, 18, 43].
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Hinh 9. M3u PC, 50PC, 50CFB & tudi 28 ngay bao dudng

Hinh anh chup vi cu tric 16p CKD ctia cac loai BCDC ¢ tudi 28 ngay va 365 ngay duoc thé hién
trén Hinh 9 va Hinh 10. C6 thé thiy rdng cac mau bé tong DC va 50PC c6 ciu truc kha dic chéc véi
nhiéu san pham thity hoa dang C-S-H va Ca(OH),. Con mau 50CFB cé xuat hién nhiéu vét niit va
nhiéu 15 rdng hd théng nhau hon so véi mau BC va 50PC (Hinh 9). Didu nay 1a do ty 18 N/CKD cua
hdn hop bé tong PC va 50PC chi 14 0,25 thap hon so véi ty 16 N/CKD = 0,31 trong hdn hop bé tong
50CFB. Tuy nhién trong ¢4 CKD ciia bé tong c6 tro bay (50PC, 50CFB) da thay xuét hién nhimng
san pham ctia phan tmg puzolan giita SiO; trong hat tro bay va Ca(OH), nén lam giam s luong cac
khoang portlandit trong 16p san pham thity hoa ciia CKD.
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Hinh 10. MAu DC, 50PC, SOCFB & tudi 365 ngay bao dudng
Tir Hinh 10 cho thdy s6 lwong san phim thuy héa C-S-H trong vi céu trac da CKD di nhiéu va
day dic hon, dic biét trong hé thdng cac 16 rdng, cac khe rdng khi bé tong duoc bao dudng & tudi dai
ngdy. Trén hinh anh phéng dai dén 1 pm ciia mau DC vén ton tai cac khoang porlandit va tinh thé
entrigit hinh kim. Con trén anh chup khe rdng ciia 16p CKD trong bé tong c6 tro bay (SOPC, S0CFB)
thi cac san phérn day dac hon, cac tinh.

4. Kétludn

T cac két qua nghién ciru c6 thé rat ra mot sé két luan nhu sau:

- Viéc st dung tro bay ham lugng 16n trong bé tong cudng dd cao s& lam cham tbc do phat trién
cuong d6 nén ¢ tudi sém trude 28 ngay nhung thiic ddy sy phat trién cuong do nén ¢ tudi dai ngay t6i
365 ngay. Trong d6, bé tong st dung tro bay loai PC (ctia nha may nhiét dién dét than phun) c6 kha
nang duy tri cuong do nén & tudi sém va thuc day su phat trién cuong do nén ¢ tudi mudn cao hon so
v6i bé tong tro bay loai CFB (ctia nha may nhiét dién ddt than tang sbi tuan hoan). Mirc d suy giam
hodc cai thién cuong do nén trong bé tong phu thudc vao ham lugng tro bay st dung va hi€u qua cua
phan Gmg pozzolanic.

- Viéc str dung tro bay thay thé xi mang di 1am ting do réng tham nudc, d6 hat nuéc mao quan
clia bé tong cudng do cao ¢ giai doan dau rén chic, nhung cac gia tri nay da giam 16 rét so vdi bé tong
dbi ching sau séau thang ran chic. Mirc d6 tang hay giam d6 rong tham nudc, do hut nude mao quan
tuy thudc vao loai va ham luong tro bay sir dung.

- Bé tong cudng do cao st dung tro bay c6 do tham ion clo thap hon bé téng cudng do cao khong
sir dung tro bay khi dugc bao dudng trong 28 va 365 ngay. Diéu nay 1a do cac hat tro bay co thé lién
két voi cac ion hydroxyl, lam giam d6 kiém cua dung dich trong hé thdng 16 x6p va do d6 ngan can
su di chuyén cac dién luong va xam nhap cua cac ion clo.
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- Hinh anh vi cdu triic cho thdy rang viéc sir dung tro bay thay thé xi mang da cai thién 6 rét o

dic cua 16p chat két dinh, dic biét khi bé tong duoc bao dudng & tudi dai ngay. Tuy nhién can tiép tuc
nghién ciru danh gia dinh luong hiéu quéa giam kich thudc 16 rong mao quan va do tham ion clo khi
st dung tro bay PC va CFB v6i cac ham lugng thay thé xi mang khac nhau.

Loi cam on

Tac gia chan thanh cam on sy hd tro tai chinh ciia Bo xay dung cho dé tai nghién ctru va phat trién

g dung bé tong cudng do cao st dung ham lugng tro bay 16n trong cac két cau cong trinh ven bién
va hai dao”, ma so: RD 25-20.
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