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Toém tét: Xam thye ion clorua vao bé téng gay an mon cbt thép la
nguyén nhan chi yéu gay nén cac hw hai va giam tudi tho cac
cdng trinh be bién. Theo nhiéu két qua khao sat va nghién ciru
thire trang céc céng trinh, bén canh nhitng céng trinh bén virng
sau 40, 50 nam, hang loat cac cong trinh bé téng (BT) va bé téng
cdt thép (BTCT) sau 10, 15 nam, tham chi sau 5 nam st dung da
bi &n mon va phé hiy trdm trong khién hang nam nha nwéc phai
dau tw rat nhidu ty ddng cho chi phi duy tu bao dudng va sira
chira. Viéc tinh toan tudi tho cong trinh dat ra yéu ciu cho cac ky
sw khi thiét ké phai ndm virng co ché va cach xac dinh do thdm
ion clorua vao trong BTCT. Trén co s& do, bai bao tdng hop va
phén tich co' ché dich chuyén ion clorua vao bé téng, cac yéu té
anh hwéng va néu mdt s6 phwong phap xac dinh d& thdm ion
clorua trong bé téng, lam co' s& tinh toan tudi tho céng trinh.

Tir khéa: xam thyc ion clorua; khuéch tan clorua; co ché xam
thire; yéu té dnh hwéng; phwong phap xac dinh do thdm clorua;
th&m nhanh; do dién lwgng; phwong phap Tanglu Ping.

1. Dit vin dé

Viét Nam c6 nhiéu cong trinh quan trong doc bé bién,
noi chiu nhidu tac dong phirc tap ciia méi truomg nhu nhiét
do thay ddi, &6 am cao, thim thiu ion clorua. .., trong do,
&n mon do ion clorua 12 nguyén nhan chinh din dén sy pha
hity bt thép, lam giam tudi tho cong trinh. Thuc té, tudi
tho khi céng trinh van hanh thuong ngan hon dy doan, vi
vay, ngudi ky su khi thiét ké cdn ndm vimg anh huéng cua
sur xAm nhdp ion clorua dén cOng trinh.

2. Co ché dich chuyén ion clorua trong bé tong

Ton clorua xam nhp vao két cau bé téng chu yéu bing
3 con dudng: tham thau do strc hit mao déan; tham thau do
chénh léch ap luc; va tham 'thz"iu do chénh léch néng do,
hay con goi la qué trinh khuéch tan.
2.1. Khuéch tin
2.1.1. Khdi ni¢m khuéch tan

Khuéch tén 13 qué trinh ion clorua dich chuyén tir noi
¢6 nong dd cao téi noi c6 ndng dd thap. Khi két cdu bé
toéng tiép xic véi mdi trudng c6 chira ion clorua, co ché
ndy s& lam cho ion clorua dich chuyén tir bé mit két cdu
huéng vao sau bén trong két céu.

Khuéch tan ion clorua trong bé tong thé hién qua hé sé
khuéch tan D (m%s), dugc dinh nghia 1a s6 lugng ion
clorua chuyén qua mot don vi dién tich trong mét don vi
thoi gian khi chénh léch ndng d¢ 1a 1 don vi.

2.1.2. Dinh lugt Fick vé khuéch tdn

Su khuéch tan ion clorua trong két cdu bé tong dugc
mo ta gin dung bing cac dinh luat Fick vé khuéch tan. Su
khuéch tin nay théng thudong duge xem 1 bai toan
khuéch tan mét chiéu.

Abstract: Penetration of chloride ion into concrete causing
corrosion of reinforcement bar is the main reason for damages and
shortened service life of coastal structures. According to surveys
and actual state research projects, apart from some constructions
that are stable after 40, 50 years, a series of reinforced concrete
constructions have been corroded or damaged severely after 10, 15
even 5 years of use. This leads to an annual expenditure of billions
of dong for maintenance and repair conducted by the Government.
Understanding the mechanism, affected factors as well as methods
of determining the chloride ion permeability into concrete, as a
basis for calculating the service life of coastal structures, is an
essential requirement for design engineers. On that basis, this
paper presents the mechanism of transport chloride ion into
concrete, its influential factors and some methods determining the
chloride ion permeability into concrete.
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Néu gia thiét qua trinh khpéch tan la 6n dinh, tirc ndng
do ion cloruq khong bién d(‘)j theo thoi gian, ta cé djnp
lugt Fick I vé qué trinh khuech tén ion clorua trong két
cau bé tong nhu sau [1]:

dC
J=-DZ- (1)
dx

Trong do, J la gradient cua dong ion clorua; D 1a h¢ )
khuéch tan (m%s); C la nong do ion clorua trong bé tong
(kg/m’); x 1a d6 sau tinh tir bé mit bé tong (m).

_ Tuy nhién, thyc t€ qua trinh khuéch tan ion clorua thi
nﬁng do ion clorug luén bién dg‘)i theo théi gian, tirc
khuéch tan trong diéu kién khong on dinh. Dinh luat Fick
I mé ta qua trinh khuéch tan khéng 6n dinh nhu sau:

oc _ oC

ot ox?

Tir phuong trinh (2) xac dinh duoc néng dé ion clorua
C(x,t) tai d6 sau x va thoi diém t nhu sau:

(2)

X
V4Dt

Trong d6, Cs la nong do ion clorua tai 16p ngoai cung
cua 1op bétong be mit (kg/m’); C, la ndng d6 ion clorua
ban dau trong két cau bétong (kg/m’); erf la ham sai so,

) (3)

C(x,t)=C,—(C,-C,)erf(

erf (x)= % ;I‘e“:du !

Gia thiét diéu kién bién nhu sau: C(x=0, t>0) = Cs
(ndng d ion clorua tai 16p ngoai cing bé tong khong dbi
theo thdi gian & Cs); C(x>0, t=0)=0 (ndng d ion clorua
ban dau béng 0); C(x=o0, t=0) =0 (nf")ng dd ion clorua tai
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diém vo ciing xa bé mat két cdu biang 0). Phuong trinh (3)
co dang nhu sau:  ¢(x,1)=C,(1 —erferf( J:E]) (4

2.2. Sirc hit mao din

Két ciu bé tong tiép xuc véi moi truomg cé ion clorua,
diic biét tai nhirng ving bién ma két cdu nim trong ving
nude 1én xuong hodc song. vo, tai ddy lién tuc dién ra qua
trinh kho-uét tuan hoan. O chu ky uét, dudi ap lyc mao
din, nudc dich chuyén tir méi truong vao bén trong két
cdu mang theo ion clorua. Véi kich thudc 16 mao din
khoang 10°m, d¢ cao cot nuéc mao din co thé lén dén
15m [2]. Khi moi tmorng ngoal khé rao, nuéc lai chuyen
ngugc tir trong ra ngodi, va bay hoi tai mit ngoai 16 mao
quan, con lai ion clorua. Do vay, dudi tac dong tudn hoan
ctia co ché ndy, bé mat két ciu bé tong lién tuc hap thu
ion clorua tir méi truong, dan dén nong do ion clorua tai
bé mit két cdu bé tong khi cao, mdt gradient nong do
dugc thiét lap, két qua la ion clorua dich chuyén tir b& mat
vao bén trong két cau [3].

Nghién ciru qua trinh thim ion clorua vao két ciu bé
tong dudi tic dung cua sic hut mao dan, thuc chét la
nghién ciru qua trinh dich chuyén ion clorua trong diéu
kién két cdu bé tong khong bao hoa nude. Quaé trinh dich
chuyén cta ion clorua nay kha phirc tap, bao gdbm hai qua
trinh 12 qua trinh d6i luu coa phén tir nudc va qué trinh
khuéch tan cua ion clorua [4].

2.3. Chénh Iéch dp luc

Ton clorua ciing c6 thé thim vao bén trong két ciu bé
tong khi c6 su chénh 1éch ép luc giira bé mit va phén bén
trong cia két cau. Duéi tac dung clia co ché nay, qua trinh
dich chuyén cua ion clorua vao bén trong két ciu dién ra
nhanh hon[1].

3. Yéu t6 anh hwéng dén qué trinh thAm théu ion
clorua trong bé tong

Yéu tb anh huong dén qua trinh thim ion clorua vao
bé tong co6 thé phén ra thanh 3 yeu to chinh, bao gom: déc
tinh cua bé tong; cac nhan t6 mdi trudng; va thoi gian.
3.1. Ddc tinh ciia bé tong
3.1.1. Ty I¢ Nudc-Xi mang W/C

Ty 1€ nudce-xi mang (W/C) 1a mot chi ti€u phan anh do
dac chidc cuoa bé tong. W/C cang 16n, do rSng trong l?é
tong cang cao. Do véy, khi W/C tang, qua trinh tham thau
ion clorua vao bé téng dién ra nhanh hon.

_ Nghién ciru anh hudng cua ty 1¢ nude-xi mang cho
dén nay c6 nhieu cong thire thye nghiém dwa ra. Sunwei
va Yu Hongfa [5] dya trén thi nghi¢ém nghién ciru quan hé
gifta ty 1¢ nudc-xi mang va hé s6 khuéch tan ion clorua
trong bé tong, dua ra cong thirc sau:

D =34.776 W/C — 6.448 (10 cm?/s) (5)
Theo t6 chirc Life-365 [6], hé s6 khuéch tan ion clorua
trong bé tong thuong 28 ngay tudi phu thude vio ty 1€
Nudce-Xi mang nhu sau:
D28 — 10(-[2.06 +24W/C) (mZ/S) (6)
3.1.2. Phu gia
Str dung phu gia nhu tro bay (Fly Ash) va Slag (xi

than) c6 tac dung lam giam h¢ s6 khuéch tan ion clorua.
Thi nghiém cho th?y, ca hai loai phu gia trén 1'<h1' duge
tron vao bé téng déu khong anh huong tdi hé¢ s6 khuech
tan ion clorua trong thoi ky dau (28 ngay) cua bé tong,
nhung sau 28 ngay, ca hai loai phu gia lam giam dang ké
hé s6 khuech tan ion clorua (Bang 1).

Life-365 (My) dua ra h¢ s6 suy giam theo thoi gian
cua hé so khuéch tan ion clorua phu thudc vao hai loai
phu gia str dung nhu sau:

m = 0.2 + 0.4(%FA/50 + %SG/70) (7)

Quan h¢ trén cho thy, phu gia thay thé chi 16m nhit 1a
50% doi voi Fly Ash va 70% doi vai Slag, vi vay, gia trj
m< 0.6.

Bing 1. Anh eng cua tro bay va xi than téi hé 56
khuéch tan ion clorua

Hé s6 suy Dog Do nim | D25 nam
Loai bé tong giamtheo | *10°° [ *10"7 | #1018
thoi gianm | m%/s m’/s | m/s
Bé tong thuong 0.2 79 30 25
Str dung 30% xi than 0.37 79 13 9.3
Str dung 40% tro bay 0.52 79 6.3 39

3.1.3. Kha ndng két hgp véi ion clorua cuia xi mang
Trong qua trinh xm nhép vao bé téng, ion clorua cé thé
két hop véi cac chat c6 trong hdn hop bé tong. Mét phén bj
két hop hoa hoc do phan tmg véi mdt vai thanh phan cua xi
miang, mt phéan bi hip phy vét Iy trén thanh rén cta 16 rong
trong bé tong [3], dan dén téc dd khuéch tan ion clorua
trong bé tong giam xu6ng. Kha niing két hop ion clorua phu
thudc loai xi méng str dung. T.U Mohammed [7] nghién ciru
va thyc nghiém, dua ra quan hé giita nong dé tong lwong
ion clorua va ion clorua tu do nhur sau:
Ci=aC (8)

Trong do, C 1a néng d6 cua téng ion clorga; Cf la nf‘mg
do ion clorua tu do trong bé tong; « 1a hé so ket hop ion
clorua, chon a = 0.85[8].

3.2. Moi truong
3.2.1. Nhiét do

Nhiét d6 anh huong dén sy thim thiu ion clorua vao
bé tong, the hién trén hai phuong di¢n: (i) nhiét d¢ tang
cao, tang téc d¢ bdc hoi cia nudc 10 rong, ting mirc do
rong cia Iop bé tong bé miat két ciu, lam ting mirc do
xam thuc ion clorua vao bé tong; (ii) nhiét d§ ting lam
tang téc do phan irng thiy phén trong bé téng, lam ting
do déc chic cia bé tong, va nhu vdy, lam giam mic do
tham ion clorua vao bé tong Nhin chung téng hop hai
mit trén, xét trong ca qué trinh dai, nhi¢t dj tang sé day
nhanh téc d¢ khuéch tan ion clorua vao bé tong. Dya trén
phuong trinh Nernst-Einstein, néu nhiét do ting tir 20°C
toi 30°C, hé sb khuéch tan ting 2 lin; nhiét do giam tur
20°C xubng 10°C, hé sb khuéch tan giam 2 1an [9] [10].

Dinh luong anh huong cia nhiét d t6i hé s6 khuéch
tan ion clorua trong bé tong, nhiéu nha nghlen ctru dua ra
cac hé s khac nhau. Theo tiéu chudn thlet ké cia My,
Life-365 [6] nhiét 46 anh huéng t&i hé s6 khuéeh tén theo
quan hé sau:
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S bl
D(T)= D(T,)exp(—| ———= 9
(1)- D(L)esoC| 1-1)

Trong d6, D(T) va D(T,) lén luot 1a hé sb khqéch tan &
nhiét d6 T va nhiét dd T,; D(T,) xac dinh khi tudi bé tong
28 ngay, ¢ nhiét d6 T, = 293°K U niang lugng hoat hoa,
U = 35 000 J/mol; R 14 hing s6 khi, R = 8.314 J/mol*K.
3.2.2. Dg am

D4 bao hoa nudce trong bé tong 1a mot yéu té co anh
hudéng dang ké tdi hé s6 khuéch tan ion clorua. Cho dén
nay, cac phu‘o‘ng phap xéac dinh dé bao hoa nay con chua
thong nhét. Vi vdy, thay vi dé bdo hoa nude trong bé
tong, cac nha nghién ciru xét anh hudng dé a am tuong doi
clia mdi truomg anh hudng téi hé sé khuéch tan ion clorua
trong bé tong.

Anna [11] théng qua nghién ctru sy khuéch tan ion
clorua trong bé téng khong bdo hoa nude, dua ra quan hé

L Ve (10)
[1-RH,]

Trong d6, RH la d6 am tuong dbi cua méi truong, %;
D)oo, 14 hé sb khuéceh tan ion clorua & do am 100%; RH, la
do é.m ma hé sb khuéch tan béng nira hé s6 khuéch tan khi
do am la 100%, tic D(RH, = 1/2*D(100%)), thong thuong
RH, = 75%, thip hon d6 4m nay, nudc trong 15 rong bé tong
khong con lién thong nhau mot cach lién tuc, khi do hién
tuong khuéch tan xay ra khong ding quy luat trén [11].

3.3. Thoi gian

Hé s6 khuéch tan ion clorua phu thudc vao thoi gian vi
nhitng ly do sau: (i) phan img thity hoa dién ra trong bé
tong khong ngirng lam ting mic do dic chic cia bé tong;
(i1) tac dung truong nd cua xi ming trong bé tong lam
giam muc do rong, (iii) ion mang di¢n tich &m c6 mit
trong 10 rong lam giam téc do khuéch tan ion clorua ; (iv)
ion clorua két hop vaéi bé tong lam giam ndng do ion
clorua trong bé tong; (v) cic gia thiét nham don gian hoa
qué trinh mé hinh héa tinh toan, nhu ndng d ion clorua &
I6p bé tong bé mat 1a khong déi theo thoi gian... Vi vay,
hé s6 khuéch tan ion clorua trong bé tong giam theo thoi

Dref{t(TEf)m (1 l)

. Dy = DIOO%[I

gian, theo quan h¢ sau: D(t) =

Trong do, D(t) la hé s6 khuéch tan & thoi gian t; D la
hé so khuech tan o thoi gian . thmmg chon t= 28 ngay:
m 1a hé sb suy giam theo thoi gian, phu thuge vao vat liéu
trén, ham lugng vira xi méng... (xem bang 2)[12]. Hodic ¢6
thé dya trén cong thic (8) néu b1et hé so khuéch tan & 2
thoi diém t, t; 12 D, va Dy, thi hé sé m xac dinh nhu sau:

_In(D,/D)) )
In(t, /t,)
Bdng 2. H¢ 56 suy gi’a'm theo thoi gian cua hé 50
khuéch tan [12]
Loai bé tong Hé sé m

Bé tong thudng 0.30
Bé tdng chira phu gia tro than (coal ash) ham 0.60
lugng >25% :
Bé tong chua phu gia xi than (slag) 0.45

4. Mt so phuong phip xdc dinh d§ thim Ion clorua
trong bé tong
4.1. Phwong phdp ngam liu dai AASHTO T259

Phuong phip ngdm lau dai 1a tén goi chung cua 2
phién ban thi nghi¢m theo tiéu chuan: AASHTO T259 va
ASTM C1543 (AASHTO & ASTM, 2002).

Thi nghiém AASHTO T259 tién hanh v&i véi miu thir
hinh tru ¢6 kich thude 12 inch? (~300mm2), cao 3 inch (~75
mm). Mau thir sau khi duge 14 ngay, duge bao dudng 28
ngay ¢ méi trudng c6 dé am 50%. Sau do cho tiép xuc voi
dung dich NaCl 3% trong 90 ngay theo so do bo tri nhu
Hinh 1. Sau 90 ngay, gd mau va tién hanh xac dinh nong
d6 cloride & moi chiéu sau 0.5 inch (AASHTO T259).

o 3% NaCl Solution

Gealed on _T
Sides Concrete Sample % ? i
i
S0%rh
aimosphers

Hinh 1. So dé bé tri thi nghiém AASTO T259

Thi nghiém ASTM C1543 twong ty nhu thi nghiém
AASHTO T259 nhung dung dich NaCl 3% st dung duoc
thay sau 60 ngay.

Phuong phap ngédm lau dai dugc sir dung rong rai, dat
do chinh xac cao. Tuy nhién, nhuge diém ciia phuong phap
nay 1a: (i) thoi gian thi nghiém dai (d6i voi bé tong mac
cao, thoi gian thi nghiém c6 thé kéo dai dén 1 nam); (ii)
khong xac dinh duge chinh xac dwong cong quan hé giira
nong dj va chiéu sidu mau thir do sir dung gia trj trung binh
ctia nong do cloride trén toan b chiéu sau 0.5 inch. Hooton
chi ra, hai mau thir A va B ¢ cung gia tri nong do cloride o
chiéu sdu 0.5 inch, nhung & miu A, gié tri nong d¢ chloride
cao & bé mat va giam nhanh t6i do sau 0.5 inch, con mau B
gia tri ndng do chloride bé mat thap hon & miu A nhung &
dd sau 0.5 inch lai cao hon & mau A. R& rang & mau B, thoi
gian chloride tham vao tdi c6t thép nhanh hon so véi & mau
A[14]. Ngoai ra, phuong phap thi nghiém nay cho phép ion
clorua dich chuyén vao trong bé tong ciing véi nudc theo
co ché tham thiu va co ché sirc hit mao dan.

4.2. Phwong phdp do dién lwong AASHTO T277 (ASTM
C1202)

Kiém tra d¢ thdm ion clorua bing phuong phap do
dién lugng (The Rapid Chloride Permeability Test -
RCPT) dugc phat trién ldn ddu tién boi David Whiting
nam 1981.

Phuong phap RCPT tién hanh theo nguyén tic
ap dong dién mot chidu dién thé 60V vao hai mit cua
mau thir hinh try cé dudng kinh (100 + 2) mm, chiéu cao
(50 = 3) mm, mot mat tiép xuc voi dung dich NaCl 3% ndi
véi cue am, mat kia tiép xic voi dung dich NaOH ndi véi
cuc duong. Kha nang tham ion clorua qua bé tong dugc
xac dinh thong qua gia trj tong dién lugng truyén qua mau
thir trong thoi gian 6 gio, dugc chia thanh cac mire: cao,
trung binh, thép, rat thép, khong tham (Bang 3)[13].
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Hinh 2. So dé thi nghiém AASHTO T277 (ASTM C1202)
Bing 3. Mirc do tham ion clorua (ASTM C1202)

Dbién lugng truyén qua mau (Culong) | Mic do tham ion clo
> 4000 Cao
> 2000 = 4000 Trung binh
> 1000 +2000 Thiép
100 =+ 1000 Rit thip
<100 Khéng tham

Uu diém cua phuong phép ndy la don gian, nhanh
chéng, d& thuc hién, vi thé dugc su dyng rong rai nhét
trong thyc té cling nhu trong cdc bai giang [13] va da tro
thanh tiéu chudn thi nghiém. Mac du vay, van con nhiéu y
kien vé phuong phap RCPT: (i) ~dong dign chuyén qua
mAu thir bé tong lién quan dén tit ca ion c6 trong dung
dich 15 rong bé tong chir khéng chi ¢6 minh ion clorua;
(ii) phép do tién hanh trude khi qua trinh thdm di vao 6n
dinh (iii) do 4p dong dién qua mau thir, nhiét dd mau thir
va dung dich ting lén trong qué trinh thi nghiém dan dén
két qua bi anh huéng boi nhiét d6 [14].

Nhiéu nghién ctru chi ra, phwong phéap RCPT khéng
thich hgp cho bé tong mac cao hodc bé tong c6 su dung
phy gia. Thi nghiém véi nhitng loai bé tong nay, phuong
phap RCPT cho sai s6 cao, két qua khong on dinh.

Khic phyc nhugc diém trén, Hooton dé nghj tinh tng
dién lrong truyén qua mau thir bing cach nhan dign
lugng truyén qua mau trong thoi gian 30 phut nham loai
bo anh hudéng cua nhiét do dén téng dién lugng t:ruyén
qua mau. Jonsson [14] dé nghi tinh hé s6 khuéch tan hiéu
dung khi bé tong c6 sir dung chit e ché an mon Canxi
nitrit theo cong thirc sau:

Der= 1.03%1074Q"* (13)

Trong d6, Dy la hé s6 khuech tan hiéu dung, Qla
tong dién luong truyén qua mau (culong). Két qua cho
thiy, sir dung (12) cho két qua tuong dong voi phuong
phap ngam lau dai.

4.3. Phwong phdp thim nhanh cia Tang Luping va
Lars Olof Nilsson

Phuong phap thim nhanh (Rapid Migration Test —
RMT) dugc phat trién boi Tang Luping va Lars Olof
Nilsson, ra doi nhim khic phuc mot s6 nhuge diém cua
phuong phap do dién lugng RCPT. Phuong phap RMT
nay tuong tu véi phuong phap RCPT khi cling st dung

mau thir hinh tru c6 dudng kinh 100 mm, chiéu cao 50
mm, nhung khac & ché théi gian thi nghiém 1a 24h, dong
dién ap dung thay déi trong khoang tir 10V dén 60V,

Uu dlem chii yéu cia phuong phép RMT la cho phép xac
dinh h¢ s6 khuéch tan khong on dinh. Hé sé khuéch tan
khong 6n dinh la ham cua hiéu dién thé ap dung, nhiét do
dung dich, chiéu day mu thir va chiéu sau thim ctia chloride.

Phuong phap thi nghiém RMT c6 pham vi (ng dung
rong réi, thich hgp ca véi bé téng co sir dung chat tc ché
in mon [14].

5. Két ludin

Xam nhép clo vao bé tong 12 nguyén nhin chu yéu
gdy hu hai cac cong trinh bo bién. Bai bao néu 1én dugc
co ché, nguyén nhan anh huong va phuong phap xac dinh
do thdm ion clorua vao bé tong, lam co s¢ cho tinh toan
tudi tho cong trinh, gitp cho céc k¥ sur thiét ké va cac nha
hoach dinh chinh sach dwa ra bién phap khic phuc hu hai,
nang cao tudi tho cac cong trinh.
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