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BE TONG - XAC PINH HE SO KHUECH TAN CLORUA BIEU KIEN THEO CHIEU SAU
KHUECH TAN

Standard test method for determining the apparent chloride diffusion coefficient of
cementitious mixtures by bulk diffusion

1. Pham vi &p dung

1.1. Tiéu chuén nay quy dinh phuong phap xac dinh hé s6 khuéch tan clorua biéu kién trong
phong thi nghiém cua bé tong hoac vira xi mang da déng ran.

1.2. Trong tiéu chudn nay, cac gia tri dwgc cong b6 theo don vi thude hé SI.

1.3. Tiéu chuéin nay khong dé cap dén tét ca cac van deé lién quan dén an toan khi str dung.
Nguwoi sir dung tiéu chuan nay c6 tradch nhiém thiét 1ap cac nguyén tac vé an toan va bao vé stc
khée cling nhw kha nang ap dung phu hop véi cac giéi han quy dinh trwée khi dwa vao st dung.
2. Tai liéu vién dan

Cac tai liéu vién dan sau day la rat can thiét khi &4p dung tiéu chuén nay. DGi vai cac tai liéu vién
dan ghi nam cong bé thi 4p dung ban dwoc néu. Doi véi cac tai liéu vién dan khéng ghi nam
cong bo thi ap dung phién ban mai nhat, bao gbm ca céac ban stra doi, bé sung (néu co).

2.1. Tiéu chuan ASTM

C31/C31M, Practice for Making and Curing Concrete Test Specimens in theo Field (Huong dan
ché tao va bdo duéng mau thir bé téng tai hién truong).

C42/C42M, Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete
(Phuwong phap thu thap va thtr nghiém mau khoan va dam bé téng da duoc cura cat).

C125, Terminology Relating to Concrete and Concrete Aggregates (Thuét ngit lién quan dén bé
téng va cét liéu bé téng).

C192/C192M, Practice for Making and Curing Concrete in the Laboratory (Huong dan vé ché tao
va bao dwéng mau thr bé téng trong phong thi nghiém).

C670, Practice for Preparing Precision and Bias Statements for Test Methods for Construction
Materials (Hwdng dan thuc hanh xir ly, bi€u thi dé chinh xac va dé léch d6i vdi cac phuwong phap
ther vat liéu xay dung).



C1152/C1152M, Test Method for Acid-Soluble Chloride in Mortar and Concrete (Phwong phap
X&c dinh clorua tan trong axit cda vira va bé téng).

C1202, Test Method for Electrical Indication of Concrete's Ability to Resist Chloride lon
Penetration (Phuwong phap do dién Irong xac dinh kha ndng chéng thdm thau ion clo ctia bé
téng).

2.2. Tiéu chuan NORDTEST

NT BUILD 443, Approved 1995-11, Concrete, Hardened: Accelerated Chloride Penetration (in
English) (thong qua 11 - 1995, Bé téng: ThAm thau clorua nhanh).

3. Thuat ngir va dinh nghia

3.1. Pinh nghia

3.1.1. Cac dinh nghta cla thuat nglr dung trong tiéu chuan nay tuan theo ASTM C125.
3.2. Cac dinh nghia vé thuat ngir dung riéng cho tiéu chuan nay

3.2.1. Hé s6 khuéch tan clorua biéu kién, D, (Apparent chloride diffusion coefficient)

Thong s6 chuyén clorua tinh tir s6 liéu xac dinh clorua tan trong axit cia mau thér da dwgc ngam
trong dung dich clorua dén b&o hoa, khong hiéu chinh déi voi clorua lién két, n6 cung cép thong
tin vé sw dé dang tham clorua vao trong vita hodc bé téng xi mang.

3.2.2. Clorua lién két (Chloride binding)
Qua trinh hoéa hoc ion clo di chuyén tir dung dich va lién két véi san pham thiy héa clia xi mang.
3.2.2.1. Giai thich

Clorua lién két la sw ph6i hop chl yéu vGi sén phém thdy hoéa hinh thanh b&i pha aluminat clia xi
mang va hoén hop cé chira xi 16 cao.

3.2.3. Tham thau clorua (Chloride penetration)

Sy xadm nhéap ion clo vao vat ngam trong dung dich clorua.

3.2.4. Dung dich ngam (Exposure liquid)

Dung dich natri clorua diing dé ngam cac mau thir tree khi 14y ra xac dinh clorua.
3.2.5. Thoi gian ngam (Exposure time)

Thoi gian mau thir dwoc ngam trong dung dich cé chira ion clo.

3.2.6. Ham lwong ion clo ban dau C; (Initial chloride-ion content)

Ty I(Ze.gifra khéi lrong ion clo va khéi livong mau thir bé tong chura nhiém ion clo tir ngudn bén
ngoai.

3.2.7. Nghién lat cdt (Profile grinding)

Qua trinh nghién khé va thu mau dang bot & cac 16p méng ké tiép nhau tlr mau thir.
3.2.8. Ham lwong clorua bé mat C (Surface chloride content)

Ty lé theo ly thuyét gitra khoi lwgng ion clo va khéi lwvgng bé tdng & bé mat tiép xuc véi dung dich
ngam.

4. T6m tat phwong phéap thoy

4.1. Lay mAu dai dién cho vira hodc bé tdng xi mang truéc khi ngam vao dung dich chira ion clo.
Tach moi mau thanh mau thir va mot mau dung dé xac dinh ham lwgng ion clo ban dau. Nghién
mau thir ion clo ban dau va xac dinh ham lwgng ion clo ban dau trong axit. Bit kin tat ca cac mat
ctia mau thir bang 16p phd ngan nwéc thich hop, trir b& mat dwoc hoan thién. Lam b&o hoa mau
thir da bit kin trong dung dich canxi hydroxyt Ca(OH),, rita sach mau dwéi voi nwéc, sau dé cho
vao dung dich clorua natri. Sau th&i gian ngam quy dinh, 1&y mau ra va cét thanh céac lat méng



song song v&i bé mét nhiém clorua. Xac dinh ham lwgng ion clo tan trong axit ctia moi I6p. Tinh
hé s6 khuéch tan clorua bi€u ki€n va ndng d6 ion clo bé méat bang cach dung ham lwgng ion clo
ban dau. It nhat phai c6 6 gia tri twong (rng v&i ham lwgng ion clo va chiéu sau du¢i bé mat dung
dich ngam.

5. Y nghia va st dung

5.1. Phuong phap thir nay ap dung cho vira hodc bé téng xi mang chwa chiu tac dong ctia ion
clo bén ngoai, hodc cé mét lrgng khdng dang ke ion clo cé trong nuéc dwgc dung dé chuén bi
mau thi trwde khi thir.

5.2. Quy trinh tinh toan dwoc md ta trong tiéu chudn nay chi ap dung cho mau thir trong phong
thi nghiém chiu tac dong clia dung dich clorua natri duwgc mé ta trong tiéu chuan nay, khéng ap
dung cho cac mau thir chiu tdc dong cua ion clo theo chu ky khé va am.

CHU THICH 1: C4c loai ion khuéch tan trong bé tdng xay ra & trong cac 16 x6p, cac vét nit va
cac khoang trong khac cé chira chét 1dng. Nong dd va héa tri clla cac loai ion khac trong 16 x6p
c6 chét léng cling anh hwdng dén téc dd khuéch tan clorua, vi thé hé s6 khuéch tan biéu kién
cling duoc xac dinh theo quy trinh nay.

5.3. Trong hau hét cac triong hop, gia tri hé s6 khuéch tan clorua biéu kién clia vira hodc bé
tong xi mang thay déi theo thoi gian (xem Chu thich 2). Vi vay, hé so khuéch tan bi€u kién thu
duwoc & tubi sém cé thé chwa dai dién cho tinh nang lam viéc cua vat liéu.

CHU THICH 2: T6c do thay d&i hé s6 khuéch tan bi€u ki€n doi v&i vira hodc bé téng xi mang cé
puzolan hoac xi 16 cao sé khac hon so v&i hon hop chi c6 xi mang poéc lang.

5.4. Hé s6 khuéch tan clorua bi€u kién theo dinh luat khuéch tan th hai clia Fick dwoc ding dé
danh gia su tham th&u clo vao trong vira hodc bé tdng xi mang & diéu kién bdo hoa.

5.5. Hé s6 khuéch tan clorua biéu kién dwgc dung phé bién trong m6 hinh xam nhap clo dwa trén
dinh luat khuéch tan th hai cia Fick. Hé s khuéch tan biéu kién xac dinh theo phwong phap
nay bao gdm clorua lién két, do dé str dung diing hé sé khuéch tan clorua biéu kién dé xac dinh
triwdc sy tham thau clo doi héi phai xem xét ca clo lién két.

5.6. Kha néng chdng thdm théu clo chju &nh huéng cla nhiéu yéu t6 nhw méi truong, mic do
hoan thién, thanh phan hon hop, tay nghé thi céng, diéu kién bao duéng va tubi ctia hon hop.

6. Thiét bi, dung cu
6.1. Can, c6 do chinh xac dén 0,01 g;
6.2. Nhiét ké&, c6 do chinh xac dén 1,0 °C;

6.3. Phong thi nghiém hoac budng thi nghiém kiém soat dwoc nhiét do, duy tri nhiét do nwédc
trong thiing & (23  2) °C;

6.4. Thuing nhwa c6 ndp day kin, kich thudc phi hop véi yéu cau trong 9.1.2;

6.5. Thiét bi nghién va lay mau thr (Hinh 1 va Hinh 2 1a nhirng thiét bi thich hgp) (xem Chu
thich 3). Cac thiét bi nay dung dé nghién va lay mau thir dang bot tir bé téng, vira hodc vira rét
theo tirng I&6p day khoang 2 mm.

CHU THICH 3: May tién hodc may nghién c6 gén cac dau bit bang cacbit hoc kim cuong.



Hinh 2 - Nghién mau bing may tién

6.6. TUi polyetylen cé thé dan kin dwoc, rong (200 + 300) mm, dai (250 + 300) mm va cé do day
khéng dudi 0,1 mm;

6.7. Cac thiét bi nghién bé tong, vira hoac vira rét duwoc mo ta trong ASTM C1152/C1152M;
6.8. Thiét bi phan tich clo theo ASTM C1152/C1152M,;

6.9. Thwéc cap c6 do chinh xac dén 0,1 mm.

7. H6éa chat va vat liéu

7.1. Nwéc cat hodc nuwde da khir ion;

7.2. Canxi hydroxyt [Ca(OH).] cap k¥ thuat;

7.3. Dung dich canxi hydroxyt bdo hoa (khoang 3 g/L);

7.4. Natri clorua (NaCl) cap k¥ thuat.

7.5. Dung dich natri clorua ndng do (165 1) g/L;

7.6. Son epoxy hoac polyuretan hai thanh phan, c6 kha nang tao mang ngan sw khuéch tan ion
clo.



8. Mau thor

8.1. Mau khoan, mau duc hinh tru ho&c mau lap phuong déu cé thé dung lam mau thir. Mot t6
mau phai gdbm it nhat hai mau thir (xem Chu thich 4). Mau thir phai khdng c6 khuyét tat nhw 16
rong, vét niet nhin thay dwoc bang mét (xem Cha thich 5). Kich thwdc nhd nhat cat ngang bé mat
hoan thién clia mdi mau thir it nhat phai bang 75 mm nhwng khéng nhé hon ba lan kich thudc
danh nghta ctia hat cét liéu I&n nhat. D6 day cla mau thir it nhat phai bang 75 mm.

CHU THICH 4: Vat liéu ndm gitra bé mét chiu tdc ddng va I&p ngoai cling clia ¢t thép thwong
dwoc coi trong vi rat can bao vé chong clo xam nhap, hon thé nira, chat lwgng vat liéu & vang
dac biét nay cé thé léch khai hé thong do chiu anh hwdng cuta thuc té thi céng.

CHU THICH 5: MAu thir ¢ céac 16 rbng & sau hon I&p chiéu day da tinh s& lam ting tdc do tham
thau clo biéu kién va lam tang dd bién thién cta phép thir.

8.2. Trir khi c6 nhitng quy dinh khac, mau thir phai duoc bao dwdng &m 28 ngay trong phong thi
nghiém theo ASTM C31/C31M hodac ASTM C192/C192M truéc khi dem ngam trong dung dich.
8.2.1. Bat ky sw thay d6i nao tlr thure té bao duwdng cling phai dwoc dwa vao béo céo.

8.3. B3i voi mau khoan 18y theo ASTM C42/C42M, khi chudn bi mau thir can cét bo 75 mm I6p
ngoai cling clia né. Mau thr nhw thé sé c6 mot mat la mat da hoan thién ban dau, mat con lai la
mat da cit nhw Hinh 3.

8.4. BGi véi cac mau thir dwoc chudn bi theo ASTM C31/C31M hoédc C192/C192M, duwdng cat
song song v@&i mat da hoan thién. Phan 75 mm phia trén dwgc dung lam mau thr (xem Hinh 3).

Bé mat hoan thién
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Hinh 3 - Vi du v& mau thir Iy tir miu dai dién

8.5. Tlr phan con lai cila mau khoan hodc mau duc, cat cac lat mong day it nhat 20 mm. Dung
céc lat cat nay dé xac dinh ham luvgng ion clo ban dau, C;, bang cach nghién dap toan bo lat cat
ho&c nghién mai theo 16p day it nhat 2 mm. Ngoai ra, néu I&p méng tir cac mau thir khuéch tan
dugc ldy da sau nhu thé nao dé dé hai Iop ké ti€p nhau sau cung c6 ham lwong clorua trong
khoang 0,01 % khéi lwvgng bé tong ctia moi mau thir, thi cho phép ngoai suy mot phwong trinh
phu hop nhét cla clorua dé thu duwgc ham Iwgng ion clo ban dau C..

8.6. Rira mau th(r du6i voi nuéc ngay sau khi cat. Lau chti b& mat béng ban chai nilon mém va
rtra lai. Lam khd mau trong khong khi cho dén khi khong thé lau am trén bé mat bang khan gidy
kho truwgre khi bit kin (xem Cha thich 6).

8.6.1. Bao dudng mau thir trong diéu kién tiéu chuén, nhiét dd méi truong (23 2)°C, dd am
twong déi (65  3)% khéng quéa 24 h.

CHU THICH 6: Mau thir bao dudng trong dung dich nwéc voi bao hoa thuong cé cac hat voi
lang dong trén bé mat. Néu khong lam sach ma dé lam khé trong khong khi ngay sé tao nén lép
cacbonat trén bé mat mau thir. Lop cacbonat nay sé lam sai léch két qua thtr. B6 la ly do tai sao
lai phai lam sach va rlra sau khi lay mau thir ra khéi dung dich nuwéc voi bdo hoa.

8.7. Bit kin tat c& cac mét clia mau thir trir mat da hoan thién theo quy trinh trong ASTM C1202.



8.8. Xac dinh khéi lvgng ban dau cia mau thir sau khi Iép pha da dong ran.

8.9. Ngam mau thir trong nuwéc voi bdo hoa & (23 2) °C trong thang nhua kin. Thing phai chira
day nwéc voi dé tranh hién tuong cacbonat hda. Sau 24 h, Iy mau thir ra, lam khd bé mat bang
khan gidy, can xac dinh khéi lwgng mau thr & trang thai khd bé mat.

8.10. Ngam ngap mau thir trong nuéc voi bao hoa cho dén khi khéi lvong thay ddi khdng quéa
0,1% (thwdng la sau 24 h) (xem Chu thich 7). Quy trinh thay thé dwoc chdp nhan la bdo hoa
trong chan khong theo ASTM C 1202.

CHU THICH 7: Thudng khéi lwgng mau thir sé 6n dinh sau 48 h bao duéng am.
9. Cach tién hanh
9.1. Ngam

9.1.1. LAy mau thir d& bdo hoa ra khoi thung chtra nudce voi, rira ngay dudi voi nude, dat mau
thir vao thung chira dung dich thie, day nap thung. DE thing trong bubng hodc phong cé nhiét do
(23 2) °C. Ghi ngay va gi®, chinh xac dén tirng gi®, tr khi bat dau ngam.

9.1.2. Cho phép dat nhiéu mau thir trong cung mot thung, khoang cach gitra chang phai da dé
chét 1dng bao boc hoan toan cac bé mat ciia mau thr. Duy tri ty I& dién tich bé mat mau thir
dwoc ngam va thé tich dung dich bang (50  30) cm?/L (xem Chd thich 8).

CHU THICH 8: Thé tich chat long d6i véi mau tru hodc mau khoan duwdng kinh danh nghfa 100
mm can khoang mét lit cho mét mau.

9.1.3. Cac mau thir phai duwgc ngam trong chét léng it nhat 35 ngay (xem Chu thich 9).

CHU THICH 9: Thoi gian ngdm nén kéo dai d6i véi hon hop da duoc ché tao tir lau, dwoc ché
tao v@i ty |1é nwée/xi mang (N/X) thap hodc hén hop chét lwgng cao cé chira phu gia xi mang.

9.1.4. Néu chét 16ng bi bay hoi hodc thung chira bi ro ri [am cho bé mat mau thr bi khé trong thoi
gian ngam, thi két qua thir sé khong dwoc chap nhan (xem Ch thich 10).

CHU THICH 10: Nén g&n man hinh theo ddi mic dung dich trong thung.
9.1.5. Ghi thoi gian ngam chinh xac dén tirng gio.
9.2. Nghién mau

9.2.1. Lay mau thir ra khéi dung dich ngam, rira dwdi voi nwde, lam kho it nhat 24 h trong phong
thi nghiém cé nhiét d6 (23  2)°C va do am twong d6i (65  3) %.

9.2.2. Néu nghién mau sau 48 gior ké tlr khi 18y ra khéi dung dich thi chira mau thir trong tdi
polyétylen mém kin cho dén khi dem ra nghién. Néu nghién mau sau 7 ngay ké tir khi lay ra khoi
dung dich thi cht)a mau thir trong bao kin va bao quan & nhiét do (- 15  5) °C cho dén khi dem
ra nghién.

9.2.3. Lay mau bot béng cach nghién theo I6p song song véi bé mat ngam ctia mau thir. Triv khi
|&6p pha d& dwgc tach ra bang cach cua xé hoac bang cach dung duc. Khéng nghién phan cach
canh nho hon 5 mm dé tranh anh hwdng ctia cac canh va nhiéu loan do I6p ph.

9.2.4. B3i véi mau ngam 35 ngay thi nghién it nhat 8 1¢p nhuw ghi trong Bang 1. D&i véi mau
ngam lau hon, chon khoang tang dé sau nhuw thé nao doé dé co it nhat 6 diém theo chiéu sau
tuyén tinh tir khoang cach 1 mm dudi bé mat ngadm dén do sau c6 ham lwgng ion clo bang hoic
I&n hon so v&i ham lugng ion clo ban dau.

Bang 1 - Cac khoang dé sdu (mm) khuyén céo ldy mau dé nghién
N/X 0,25 0,30 0,35 0,40 0,50 0,60 0,70
Pod sau 1 0+1 0+1 0+1 0+1 0+1 0+1 0+1
Po sau 2 1+2 1+2 12 1+3 1+3 1+3 1+5




Pd sau 3 2+3 2+3 2+3 3+5 3+5 3+6 5+10
Po sau 4 3+4 3+4 3+5 5+7 5+8 6+10 10+ 15
D6 séu 5 4+5 4+6 5+7 7+10 8+12 10 = 15 15+ 20
D06 séu 6 5+6 6+8 7+9 10 + 13 12 + 16 15+ 20 20+ 25
D6 séau 7 6+8 8+10 9+12 13+ 16 16 + 20 20 =25 25+ 30
Do sau 8 8+10 10+12 12 +16 16 + 20 20 + 25 25+ 30 30+ 35

9.2.5. C6 thé sir dung quy trinh sau day néu thoi gian ngadm di dé ion clo thAm vao sau hon 40
mm. Cat mau thir bang cwa dia kim cwong, lam lanh bang nuéc, theo hwdng song song véi bé
mat ngadm vGi cac khoang (5 + 6) mm, giam t6i thiu thei gian ngdm mau thir. Lam kho cac lat
cét 24 h trong phong thi nghiém, sau d6 nghién va chuén bi mau bot nhu huwéng dan trong ASTM
C1152/C1152M.

9.2.6. LAy mot mau it nhat 10 g bot tir moi IGp. Xac dinh khoang cach tir bé mat ngadm dén diém
gitba ctia mdi 16p. Vi du, chiéu day cua I&p va diém gitra clia dd sau duoc xac dinh tir cac phép
do mau thir trede va sau khi 18y mau bot. Do sau dudi bé mat ngam |a gia tri trung binh cta nam
s6 do bang thuéc cap phan bé dong déu.

9.3. Phan tich clorua

9.3.1. Xac dinh ham lwong ion clo hoa tan trong axit cia mau bot, C, (% khdi lvong), chinh xac
dén 0,001 % theo ASTM C1152/C1152M.

9.3.2. Ly ham lwgng ion clo ban dau, C; (% khdi lugng) tir lat cat day 20 mm béng cach nghién
va chuén bi bét theo hwéng dan ciia ASTM C1152/C1152M.

9.4. Ghi lai bat ky s sai Iéch nao so véi yéu cau cla tiéu chuin nay.
10. Tinh két qua
10.1. K&t qua thip

10.1.1. Xac dinh ndng do bé mét va hé sd khuéch tan biéu kién ciia clorua bang cach két hop
phuwong trinh (1) véi ham lvong ion clo do dwoc bang phuong phéap phan tich hoi quy khéng
tuyén tinh v@i viéc dung phwong phap binh phwong nhé nhat. Béd qua ham lwgng ion clorua
dwoc xac dinh tlr I&p bé mat ngam trong phan tich hoi quy. Tat ca cac sé do ham lwgng ion clo
khac déu dung trong phan tich hoi quy.

Cuy=Cs-(Cs-C) . erf() (1)
Trong do:
Cwy - NONg do clo do dugc & do sau x, thoi gian ngam t, % khdi lvong;

Cs - ndng do clo & bé mat gitra chéat 16ng va mau thir dwoc xac dinh bang phwong phap phan tich
hoi quy, % khdi luvgng;

Ci - ndng dd ion clo khéi dau ctia hdn hgp xi mang trede khi ngam, % khéi luvong;
X - d6 sau dudi 16p bé mét (dén diém gitra cha I6p), m;
D. - hé s6 khuéch tan biéu kién ctia clorua, m?/s;
t - thoi gian ngam, s;
erf - ham sai s6 duogc tinh theo phwong trinh (2):
erf(z) = 2/ ;exp( u)’du (2)

10.1.2. CAc gia tri clia ham sai s6 dwgc néu trong cac tai liéu tiéu chuan toan hoc. Ham sai s6
cling bao gém ca ham tra ctru trong cAc phan mém tinh toan dién te.



