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CAC PAC TiNH KY THUAT CUA BE TONG BI XAM THU'C
BOI MUOI SUNPHAT

Mai Thi Ngoc Hing', Luu Pinh Thi?, Ha Vin Son’
TOM TAT

Bai bdo nghién ciru cdc déc tinh ciia bé téng bi xam thuc bdi mudi sunphat. Cdc hon
hop bé tong dwgc thiét ké véi 1y 16 nwée - chat két dinh 0,35, 0,40 va 0,45. Tro bay thé cia
nha may nhiét dién Nghi Son dwoc sir dung dé thay thé 10% xi mang trong thanh phan cdp
phdi hon hop bé téng. Cac mau bé téng dweoe ngam trong dung dich Na;SO4 nong dé 5% va
trong nwéc dé so sanh két qua. Cdc thi nghiém vé cuong dg chiu nén va van toc truyén xung
siéu am dwoc tién hanh tai 3, 7, 14, 28, 56 va 91 ngay tuéi. Két qua thi nghiém cho thay,
cuong do chiu nén va van téc truyén xung siéu am cua cdc mau bi xam thuc sunphat nho
hon cdc mau bé tong thirong dwoc bao dwéng trong nuée. Cdc phan iing gitta mudi sunphat
va cdc san pham thity héa va puzolan héa tao nén gypsum va ettringite la nguyén nhdn gady
nén sy truong no, nut né va lam giam cwong do chiu luc cua bé tong.

Tw khéa: Bé tong, xam thuc sunphat, cwong do chiu nén, van toc truyén xung siéu
am, gypsum, ettringite.

1. DAT VAN BE

Chat lwong ciia cac két cu bé tong cot thép bi giam dang ké do hién twong xam thyc
tir mdi trudng bén ngoai. Cac hoa chit tir bén ngoai nhur axit, mudi... khi xdm nhép vao bén
trong bé tong s& tac dong tiéu cuc va lam thay d6i kha ning chiu lyc ciing nhu d6 bén ciia bé
tong. Hién tugng bé tong bi xam thyc bodi cac mudi sunphat dugc phat hién tir ndm 1908, tuy
nhién cho dén nay cac nha nghién ctru van chua thuc su hiéu biét vé né mot cach dﬁy du [8].
Vi cac nghién ciru trén hd xi ming, Sahmaran va cong sy [8] di chi ra rang cuong do chiu
nén ciia chung giam dang ké sau 16 tuan ngdm trong dung dich Na>SO4 ndng d6 5%. Cac
nghién ciru trude ciing chi ra rang hd xi miang khong phu hop dé sir dung trong diéu kién
mdi trudng bi xAm thuc sunphat boi vi sy tin cong ctia cac mudi sunphat dan dén sy gidn no
va lam mét kha ning chiu lyc cta chung [4,8]. Tuy nhién, cic nghién ciru trén ciing chi ra
rang kha niang chdng lai sy xam thuc sunphat ciia hd xi mang duoc cai thién dang ké khi sir
dung thém tro bay va tro triu véi ham lugng phu hop.

Nhitng tic dong tiéu cyuc cta sunphat 1én bé tong dugc thé hién thong qua su gidn nd,
mat khéi lugng va giam cuong d6 chiu luc [6,7,10,11,12]. Pac biét cac nghién curu cua Torii
va cong su (1995); Li va cong sy (2003) déu cho rang v6i bé tong thudng chi sir dung xi
mang lam chat két dinh bj gian nd 16n va mét kha nang chiu lyc sau 1 ndm bi xam thyc boi
dung dich Na,SO4 ndng d6 10% hodc H,SO4 ndng d6 2%. Dé cai thién kha ning chéng an
mon sunphat, Summer [10] d4 st dung 10+17% tro bay loai F hodc C dé thay thé xi ming.

.23 Gidng vién khoa Ky thudt Céng nghé, Triong Pai hoc Hong Dirc
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Két qué tuong ty khi Torii va cong su (1995); lassar va cong sy (1996) st dung lan luot 50%
va 20% tro bay thay thé xi mang. Viéc sir dung két hop tro bay véi xi 10 cao va mudi silic
cling 1am ting kha ning chéng lai sy xdm thyc sunphat ctia bé tong [7,12].

Véi téc do phat trién manh mé ciia nganh cong nghiép xay dung hién nay, ngay cang
nhiéu cac cong trinh dugc xay dung véi cac yéu cau k¥ thuat ngay cang khat khe, dic biét
1a cac cong trinh tiép xtc truc tiép vi moi truong co ton tai sunphat (dat, nude ngam, nudc
bién, nude thai, khong khi, ...). Hi¢n nay cac cong trinh nghién ctru thuc nghiém ¢ Vi¢t Nam
vé an mon sunphat con rat han ché, trong khi cac nghién ctru trén thé gidi van chua hoan
toan hiéu hét vé hién tuong nay. Viéce str dung tro bay va cac phu gia khoang khac c6 thé ting
kha ning chéng lai sy xdm thyc sunphat, tuy nhién hi€u qua cua ching phu thudc nhiéu vao
chét lugng cua vat liéu dugc st dung. Céc két qua nghién ctru trudc day st dung tro bay tuyén
(dwogc tuyén chon véi chat lwong cao) co luong mat khi nung tir 0,45% dén 3,2%. Bai bao nay
nghién ctru cac dic tinh ciia bé tong sir dung tro bay ctia nha may nhiét dién Nghi Son dé thay
thé 10% xi mang bi xdm thuc boi dung dich Na,SO, ndng d6 5%. Chi ¥ rang tro bay duoc sir
dung trong bai bio nay 1a tro bay tho (chwa qua tuyén chon) c6 lwrong mét khi nung 16n, 15,8%.

2. NOI DUNG
2.1. Vat li¢u va phwong phap thi nghiém
2.1.1. Vat liéu

Chat két dinh sir dung trong nghién ctru niy 1a xi ming Nghi Son PC40 va tro bay ctia
nha may nhi¢t dién Nghi Son, cac thanh phﬁn héa hoc cua ching dugc thé hién trong bang 1,
khdi lwgng riéng ctia ching 1an lwot 14 3,12tAn/m?> va 2,16tAn/m?. Theo tiéu chuan ASTM C618
[2005], tro bay sir dung trong nghién ctru nay 14 tro bay loai F, véi tong ham luong SiO2, ALOs
va Fe,03 16n hon 70% (bang 1). Chi ¥ rang, cac nghién ciru trude [4-7,10-12] st dung tro bay
tuyén c6 lugng mat khi nung nho hon 6%, phit hop véi tiéu chuan ASTM C618 (). Tro bay sir
dung trong nghién ctru nay 14 tro bay thd, voi lwong mat khi nung 15,8%, 16n hon yéu cau theo
quy dinh ciia tiéu chuan ASTM C618. Viéc sir dung tro bay thé chua qua tuyén chon trong
cac cong trinh chiu xam thuc sunphat s€ dugc danh gia trong nghién ctru nay.

ba va cat dugc khai thac tir cac mo tu nhién trén dia ban tinh Thanh Hoéa véi cac dac
trung dugc trinh bay trong bang 2. Phy gia hoa déo Sikament R7 v&i khdi luwong riéng 1a
1,15tAn/m? duoc sir dung dé giam luong nude va ting tinh cong tac cho bé tong. Ham luong
phu gia héa déo dugc st dung bang 1% téng khéi luong cac chat két dinh.

Bang 1. Thanh phan héa hoc ciia xi ming va tro bay

Thanh Lugng
N SiO, | ALOs | Fe20s | CaO | MgO | SO; | K2O | Na2O | Khac | mat khi

phan (%)
nung (%)

Ximéing | 22,4 | 5,3 40 559 28 | 21|08 | 03 4,5 1,9
Tro bay | 48,4 | 20,4 4,8 2,8 14 (02| 1,1 0,8 4,3 15,8
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Bang 2. Cac dic trung ciia cdt li¢u

Kich thuéc | Khdilwong | Khéi luong o o
£, 1o n , £ n 2, - bo am Do hat nude
Cot licu hat 16n nhat riéng thé tich kho Y %)
(mm) (T/m®) (T/m®) (%) °
Cat 5,0 2,62 1,50 4,35 1,08
ba 15,0 2,69 1,45 0,11 0,08

2.1.2. Thiét ké thanh phan cdp phéi hén hop bé tong

Bang 3 trinh bay thanh phan cép phdi cia cac hdn hop bé tong. Cac hdn hop bé tong
dugc thiét ké theo tidu chuan ACI211-91 [2] véi céac ty 16 nude-chat két dinh (N/CKD) 0,35,
0,40 va 0,45. Chu y rang, ham luong tro bay sir dung bang 10% téng ham luong chét két
dinh, duoc ké thira tur nghién curu trude voi cung loai vat liéu [1].

Bang 3. Thanh phan cip phdi miu bé téng (tinh cho 1m?)

Tén mbu Tylé | Ximang | Trobay | Cat ba Nudc | Phu gia hoa déo
N/CKD | (kg) (kg) (kg) (kg) (kg) (kg)
M35 0,35 469,1 52,1 811,6 | 8984 | 177,2 52
M40 0,40 410,8 45,6 867,1 | 899,1 | 178,0 4,6
M45 0,45 365,4 40,6 910,3 | 899,7 | 178,7 4,1

2.1.3. Chudn bi mdu va phwong phdp thi nghiém

Khbi luong bé tong tuoi va do sut ctia cac hdn hop bé tong dugc xic dinh ngay sau
khi tron. Sau d6 cac mau bé tong dugc duc trong khudn hinh try c6 dudng kinh 10cm,
chiéu cao 20cm. Sau mot ngay, thio khudn va bao dudng cac miu bé tong trong nudc va
trong dung dich Na2SO4 ndng d6 5% cho dén khi tién hanh cac thi nghiém. Céc thi
nghiém dugc tién hanh bao gém cuong do chiu nén va van toc truyén xung siéu am tai
3,7, 14,28, 56 va 91 ngay tudi. Két qua trinh bay trong bai bao nay 1a gia tri trung binh
ctia 3 mau thir.

2.2. Két qua va thao luin
2.2.1. D6 sut va khéi luwong bé tong tuoi

Do sut va khéi luong don vi thé tich ctia cac hdn hop bé tong tuoi dugce trinh bay
trong bang 4. Do sut va khéi lugng don vi thé tich ciia bé tong thay ddi 1an luot tr 5,2+6,0
cm va 2408+2372kg/m? khi ty 1& N/CKD thay doi tir 0,35 dén 0,45. Két qua cho thiy do
sut ting va khdi luong don vi thé tich cua bé tong giam khi ting ty 16 N/CKD. Véi ham
lwgng nudc gan nhu nhau, khi ty 16 N/CKD ting thi ham luwong xi ming giam, dan dén
khéi lwong don vi thé tich mau giam, boi vi khdi lugng riéng cia xi mang 16n nhat trong
cac thanh phé‘m cAu tao nén bé tong. Mat khac, cuong do chiu nén ctuia bé tong phu thudc
chu yéu vao ty 16 N/CKD [9], khi ty 1é N/CKD giam thi cuong do bé tong ting.
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Bang 4. P) sut va khoi lwong don vi thé tich ciia cic mau

N Phu gia i Khéi lugng don vi
Hon hop o Do sut X
bé 15 N/CKD hoa déo (cm) thé tich

€ tong cm

(kg/m?) (kg/m?)

M35 0,35 5,2 4,2 2408

M40 0,40 4,6 5,1 2388

M45 0,45 4,1 6,0 2372

2.2.2. Cuong do chiu nén

Cudng do chiu nén clia cac mau bé tong thuong duge bao dudng trong nudc va cac
mau bi xam thuc sunphat (ngam trong dung dich Na>SO4 néng do 5%) duoc thé hién lan
luot nhu hinh 1a va 1b. Cuong d6 chiu nén cua tat ca cac mau van tiép tuc ting theo thoi
gian, boi vi cac phan g thity hoa ctia xi ming (1) va puzolan héa cua tro bay (2) van tiép
tuc phat trién theo thoi gian. O cling ngay tudi, cac mau vai ty 18 N/CKD nho c6 cuong do
chiu nén cao hon cic miu véi ty 16 N/CKD cao. Diéu nay dugc giai thich bai Shetty [9],
cuong do chiu nén cua bé tong ty 1€ nghich véi ty 1€ N/CKD.

Phan g thuy hoa:

(C,S,C,S) +H,0 - C-S-H + Ca(OH), (1)
Phan rng Puzolan hoa:
Ca(OH),+ Si0, - C-S-H 2)

Cuong do chiu nén tai cac ngdy tudi ban dau khong co su khac biét nhiéu giita cac
méu ngdm trong nudc va dung dich mudi sunphat. Tuy nhién & cac ngay tudi cang dai, cuong
d6 chiu nén cta cac miu bé tong dugc ngdm trong dung dich mudi sunphat thap hon cac
méu bé tong twong tng dugce ngam trong nudce. Tai 91 ngay tudi, cwong dd chiu nén cia cac
mau bi an mon sunphat chi bang khoang 86+88% so v&i cac miu thudng, va sy giam cudng
d6 nay c6 xu hudng tiép dién theo thoi gian. Pay 1a két qua cua cic phan ung gilta mudi
sunphatva cac san pham thay hoa va puzolan hoéa dé tao thanh thach cao (gypsum:
CaS0O,.2H,0) va ettringite (C,A.3CaS0O,.32H,0 ) nhu phuong trinh (3)+(6). Tai cac ngay

tudi ban dau, cac phan g thity hoa va puzolan hoa chiém wu thé nén cudng do cua cac mau
tiép tuc phat trien. Tuy nhién, cang vé sau, cac phan ing tao ra gypsum va ettringite ngay cang
nhiéu, day la cac hgp chat gy gian ng, lam nit né va gidam kha nang chiu lyc cua bé tong.

Na,SO,.2H,0 + Ca(OH), — CaSO,.2H,0 + 2NaOH 3)
Na,S0,.2H,0 + C-S-H — CaS0,.2H,0 + N-S-H 4)
C,AH,;+ 3CaSO,.2H,0 + 14H,0 — C,A.3CaS0,.32H,0 + Ca(OH), (5)
C,A.CaSO0,.12H,0 +2CaS0,.2H,0 + 16H,0 — C,A.3CaS0,.32H,0 (6)
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Hinh 1. Cudng d chiu nén (a) mau ngdm nwéc; (b) mau ngam trong dung dich Na,SO,
2.2.3. Van téc truyén xung siéu am

Van tdc truyén xung siéu 4m 1a mot thi nghiém khong pha hay méu, duoc dung dé
danh gia d6 bén ciia bé tong lién quan dén tinh dic chic, tinh dong nhat va cac khuyét tat
bén trong bé tong nhu vét nut, 16 rdng. Van tdc truyén xung sidu 4m trong bé tong cang cao,
d6 dic chic cia két cAu cang tét, chit lugng bé tong cang cao. Theo Carcano va Moreno [5],
bé tong c6 van tdc truyén xung siéu 4m 16n hon 4100m/s duge xép vao loai bé tong co chat
lwong cao. Hinh 2a va 2b 1an luot thé hién van tdc truyén xung siéu 4m cua cac mau thuong
va mau bi an mon sunphat. Két qua thi nghiém chi ra rang, van tdc truyén xung siéu am co
lién quan mat thiét dén kha ning chiu nén cta bé tong. Cac mau bé tong c6 cudng do chiu
nén cao thi twong tng cé van tdc truyén xung siéu am cao. Tuwong tu nhu két qua chiu nén,
cac mau bé tong bi dn mon sunphat c6 van tdc truyén xung siéu 4m nhé hon cdc mau bé tong
twong ung & diéu kién thuong. Két qua nay ciing dugc giai thich twong ty nhu két qua thi
nghiém xac dinh cuong do chiu nén, do sy hinh thanh gypsum va ettringite lam giam chat
luong bé tong. Tuy nhién, tat ca cac mau bé tong trong nghién ctru ndy déu ¢ van tdc truyén
xung siéu 4m 16n hon 4100m/s, duoc phén loai 1a bé tong co chat lwong tét nhu di dé cap &
trén [5]. Két qua nay mot phéan 1a do sy ¢6 mit cua tro bay da lam ting kha ning chdng an
mon sunphat, twong ty nhu két qua tir cac nghién ctru trude [4,6-7,10-12].
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Hinh 2. Vin téc truyén xung siéu 4m
(a) mau ngam nwéc; (b) mau ngam trong dung dich Na,SO;
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3. KET LUAN

Bai bao nay trinh bay két qua thi nghiém vé cac dic tinh ky thuat ciia bé tong bi xam
thuc boi dung dich Na;SO4 ndng do 5%. Cac miu bé tong thudng duoc bao dudng trong
nudce ciing dugc thi nghiém dé lam mau so sanh. Cac két qua chinh dugc rat ra tir thi nghiém
cho théy :

Sau 91 ngay tudi, cuong do chiu nén ciia cac mau bé téng bi xam thyc sunphat giam
con 86+88% so v&i cac mau bé tong thuong.

Van tdc truyén xung siéu 4m ctia cac mau bé tong bi xam thyc thap hon cac miu bé
tong thuong.

Su giam chat lwong ciia bé tong trong moi truong bi xam thuc sunphat 1a do sy hinh
thanh gypsum va ettringite gay gian ng, nirt va gidm kha néng chiu luc cia bé tong.

Céac mau bé tong trong nghién ctru ndy ¢ chét lugng twong d6i t6t khi c6 van tdc
truyén xung siéu 4m 16n hon 4100m/s, mot phan do sw ¢6 mit cua tro bay trong thanh phan
cap phdi mau.
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THE ENGINEERING PROPERTIES OF CONCRETE
UNDER SULFATE ATTACK

Mai Thi Ngoc Hang, Luu Dinh Thi, Ha Van Son

ABSTRACT

This paper investigates the properties of concrete under sulfate attack. Concrete
mixtures were designed with water to binder ratios of 0.35, 0.40, and 0.45. The raw fly ash
of Nghi Son power plant was used to substitute 10% of cement in concrete mixtures.
Concrete samples were immersed in 5% Na>SOq solution and fresh water for comparison.
The compressive strength and ultrasonic pulse velocity tests were conducted at 3, 7, 14, 28,
56 and 91 days. Testing results indicate that the compressive strength and ultrasonic pulse
velocity of concrete samples immersed in sulfate solution were lower than those of
corresponding samples immersed in fresh water. The chemical reactions between sulfate ion
with the hydration and puzzolanic products to form gypsum and ettringite are causes of
expansion, cracks, and reduction in strength of concrete.

Keywords: Concrete, sulfate attack, compressive strength, ultrasonic pulse velocity,
gypsum, ettringite.
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