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Nghién cifu anh huvdng cua cacbonat hoa
va tham nuéc mua t&i an mon cot thép
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TU KHOA TOM TAT

Thém nwéc muta Bao tri déng vai trd quan trong trong viéc dam bao an toan va kéo dai tubi tho sit dung ctia cdc cong trinh
An mon thép xay dung. Tuy nhién, do han ché v& ngudn nhén luc va chi phi bao tri, viéc thiét 1ap cac uu tién bao tri tr&
Bong tréc

) nén dic biét cin thiét. Cic nghién ctu da chi ra riing qué trinh cacbonat héa va didu kién 4m w6t trong cac
Cacbonat héa 16 rdng ctia bé téng c6 anh hwedng 16n dén sy in mon va bong tréc hit héng. Chidu sdu cacbonat héa tir 1au
dugc xem 13 mot thong sb dang tin ciy va ¢6 thé dy dodn dé danh gia nguy co bong trée, trong khi sy hién
dién ctia nwée chi duge coi 1a mot didu kién cAn. Tuy nhién, cic khao st gin day cho thiy c6 nhidu trudng
hop bong tréc xay ra & bé tong khong bi cacbonat héa. Phén tich tit cic khao st nay chi ra ring do sau
cacbonat héa khong phai 14 mot théng sb du doan chinh x4c cho hién twgng bong tréc, tham chi gay khé
khin cho cic ky su trong viée danh gia nguy co hu hong cong trinh. Hon nita, qua nghién cttu x4c sut
théng ké s thAm nuwéc mua déng vai trd quan trong dbi v6i hién ttgng bong tréc, khong chi vi né 1a didu
kién cin cho sy #n mon ma con anh hwdng dén qué trinh cacbonat héa. Cac thi nghiém trong didu kién
phong thi nghiém da dugc thuc hién dé xac dinh tac ddng cua sv 1ap lai nwéc mua mé phong dén sy an
mon trong bé téng bi cacbonat héa toan phin, mét phin va khong bi cacbonat héa. Ngoai ra, anh hwdng ciia
gia tri pH va c4c anion nhv NO, va SO,* trong nudc mwa md phong dén sy #n mon ciing duge xem xét

nhim 1am sang t6 co ché cta vin d nay.

KEYWORDS ABSTRACT

Water permeability Maintenance plays a crucial role in ensuring safety and extending the service life of construction structures.

Corrosion of reinforced steel However, due to limitations in human resources and maintenance costs, establishing maintenance priorities

Spalling ) becomes particularly essential. Studies have shown that carbonation processes and moisture conditions within
Carbonation the pores of concrete significantly impact corrosion and spalling phenomena. The carbonation depth has long
been regarded as a reliable and predictable parameter for assessing spalling risk, whereas the presence of water
has only been considered a necessary condition. However, recent surveys indicate that spalling has occurred in
numerous cases where concrete was not carbonated. Analyses from these surveys suggest that carbonation depth
is not an accurate predictive parameter for spalling and may even pose challenges for engineers in assessing
structural damage risks. Furthermore, probabilistic studies have demonstrated that rainwater infiltration plays
a significant role in spalling, not only because it is a necessary condition for corrosion but also because it
influences the carbonation process. Laboratory experiments have been conducted to determine the impact of
repeated simulated rainwater exposure on corrosion in partially carbonated and non-carbonated concrete.
Additionally, the effects of pH values and anions such as NO,, and SO, in simulated rainwater on corrosion

have been examined to clarify the underlying mechanisms of this issue.

1. Ditvin dé d6ng nay c6 thé bi pha v&, din dén sy in mon xay ra. SU &n mon clia

cbt thép trong céc ciu tric bé téng 1a mot trong nhitng van dé 16n d6i

Bé tong cbt thép duge sit dung rong rii trong xdy dyng nh& chi v6i nganh cong nghiép xiy dwng, boi né c6 thé gay bong tréc, 1am giam

phi thp, d6 bén cao va kha ning tao hinh dé dang. Trong nhiéu trudng tudi tho cong trinh va gia ting chi phi bao tri. Hau qua nghiém trong

hop, bé tong cbt thép ciing thé hién d6 bén lau dai nhd méi trudng tl sy an mon thép trong bé téng dugc xem la mot trong nhitng thach
kiém cao, gitip hinh thanh va duy tri mét 16p thu déng bao vé bé mit  thiic ha tAng 16n nhit ma cic qudc gia cong nghiép dang d6i mit [2].

thép khéi sy #n mon [1]. Tuy nhién, trong mot sé diéu kién, 16p thu
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Cacbonat héa la qua trinh trong d6 carbonate tit khong khi trung
hoa méi triudng kiém trong bé téng, ddn dén sy mét di 16p thu dong
ctia cbt thép. Tuy nhién, chi riéng qua trinh cacbonat héa khéng du dé
gdy ra sy dn mon thép, b&di &n mon 14 mot phan ng dién hda doi hoi
sy hién dién ctia oxy va nwéc [3]. Twong tw carbonate, oxy trong khong
khi 6 thé d& dang tham nhap vao bé téng trong didu kién kho. Nhidu
nghién citu khao sat cho théy trong diéu kién khé, do sau cacbonat héa
¢6 thé rat 16n, tham chi vieot qua d6 day 16p bé téng bao vé, nhung
mic d6 an mon lai khong dang ké [41[5]. Nguyén nhén la do thiéu su
thdm nuéce t&i vi tri cbt thép. Nguoc lai, khi bé téng ngap hoan toan
trong miGe, sy &n mon ciing khong dang ké do han ché thAm nhap ciia
carbonate va oxy. Cic ciu triic bé téng trai qua chu ky w6t-kho dudng
nhu dap ting diy du cac didu kién tiép xtc v&i carbonate, oxy va nuée.
Nhiéu nghién cttu di chi ra ring sy in mon va bong tréc dang ké xay
ra & cdc ciu triic bé tong tiép xtic v&i nwde mua, ngay ca khi d6 sau
cacbonat héa chwa cham dén cbt thép [4]1[5][6]. Do d6, mot s y kién
cho riing d6 sau cacbonat héa 14 mot théng sb gay nhim 14n trong viéc
Wu tién bao tri, va cac tiéu chuin thiét ké cin coi kha ning chéng thim

nwde mura 12 yéu td quan trong hang diu dé ngin ngita &n mon [7].

Hinh 1. Anh huéng ctia thdm nwée mwa t6i hu héng két cAu
bé tong cbt thép [6].

Dit liéu v& néc mua tai Nhat Ban (nim 2014) cho thiy nuéc
mua chita axit v&i d6 pH c6 thé xudng t6i 3,5 [8]. Cac nghién ctu da
xé4c nhan ring axit c6 thé phan huy tt ca céc san phdm thiy héa, bao
gém gel C-S-H, ngay ca & mic pH 4,7 [9][10]. Hon nita, thanh phén
nudc mia chita cac anion nhu CI, NO; va SO,%, v6n c6 kha ning gay
hai cho c4u triic bé tong. Trong nghién citu ndy, tic déng két hop cua
cacbonat héa va sy thim nuwéc mua xét téi tinh axit (46 pH) t&i su an
mon cbt thép da duge danh gid. Cic miu bé téng cbt thép duoc dit
trong chu ky w6t-kho; trong giai doan wét, cic miu dugc ngam trong
céc loai nwéc mua mé phong véi cac dd pH khéc nhau, va cac thong sb

dn mon dugce do ngay sau chu ky uét.

2. Thi nghiém va phuong phap do
2.1. Ché tao mdu thi nghiém

M4iu thi nghiém duoc ché tao tit vita véi ty 1& nuwde-xi ming 1a
0,65 ¢6 kich thude 20 x 20 X 5 cm, dd day bé tong bao vé 1 cm. Mot
thanh thép nguyén ban dugc nhting vio mbi méu, v6i duong kinh
1cm. Hai du thanh thép ndm ngoai vita dé két ndi day dién v&i mot
potentiometer, va diwgc phti epoxy sau 1 cm vao phin vita dé ngin an

mon tai cac dau cbt thép nhu méb ta & Hinh 2.
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s
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Hinh 2. Hinh dang, kich thwéc miu va cach bé tri cbt thép.

Xi ming Portland théng thuwdong (OPC) dat tiéu chudn cong
nghiép Nhat Ban (JIS), véi khéi lwgng riéng 3,15, duoc sit dung trong
vita. C6t liéu min c6 kich thudce téi da 4,75 mm va khéi lvong riéng
2,65. Cac mau dugce dic véi mit bé tong bao vé & ddy khudn. Sau khi
dtic, mau duge pht bé mit va dit trong phong trdn 1 ngay triede khi
théo khuén, sau d6 bao quan & nhiét d6 20 °C va d6 4m twong dbi 60 %.
Truée khi thi? nghiém, 5 mit cia miu dwgc phi 2 16p epoxy, chi dé lai

1 mit 16p bé téng bao vé tiép xtdc v&i khi va nude.
2.2. Gia tbc Cacbonat hod

Muc dich ctia gia téc cacbonat héa 1a ddnh gia anh huéng ctia gia
tri pH ntéc mwa md phong dén sy &n mon & cac miie d6 cacbonat héa
khéc nhau. Dt d6 day bé téng bao vé mong (1 cm) va sy chénh léch do
sdu cacbonat h6a nhé (0,5 hodc 1 cm), két qua thu dugce van du dé phéan
biét trang théi &n mon nh& d6 nhay cao ctia potentiometer.

Céac miu dugc dit trong buéng gia tdc cacbonat héa dé dat do
sau cacbonat héa 0,5 cm, 1 cm va 2 cm, véi 6 mau cho mdi mite do.
Budng dugc duy tri & didu kién 40 °C, d6 4m twong dbi 30 % va ndng
d0 carbonate 5 %. D6 sdu cacbonat héa dugc do b?mg cach pha v céac
mAu tru kiém chitng 5% 10 cm cing didu kién ché tao, sau d6 phun

phenolphthalein dé xc dinh chidu sdu cacbonat hoa.
2.3. Nudc mua mé phéng

Theo Co quan Khi hau Nhat Ban (2014), gi tri pH thp nhét cua
nudc mua duge ghi nhén la 3,51, véi gia tri trung binh la 4,87 va do
léch chudn 12 0,417. Phan b6 chuén ctia pH ciing nhu thanh phin trung
binh ctia nwéc mua duge minh hoa trong Hinh 4 va Bang 1. Viéc phan
tich phan bb nay cho phép xdc dinh tAn suit xuét hién ctia cic gi tri
pH thutc té, tit d6 Iwva chon gia tri pH phit hgp cho niéc mita mo phong.
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Ty 1€ gitta ion sunfat (SO,*) va nitrat (NO;) vao khoang 1:1 dugc coi
12 mét chi s6 quan trong ctia qué trinh axit héa. Do dé, trong nudc mura
md phong, hai loai axit H,SO, va HNO, dugc stt dung véi ty 1€ 1:1.

2.4. Thiét bi va phicong phdp do

Thiét bi potentiometer Giatec iCOR™ dwgc sit dung dé do ba
théong sé: tbc d6 3n mon, thé dn mon va dién tré bé téng. Thiét bi nay
phit hop cho ca tng dung thuc dia va phong thi nghiém. Méi quan hé
gifta thé n mon va x4c suét &n mon dugce didu chinh tit ASTM C876.

2.5. Qui trinh thi nghiém

Cac miu duge dit trong budng thoi tiét & giai doan kho (5 ngay,
40 °C, 30 % RH), sau d6 ngam trong thiing 40 lit nudc mwa mo6 phong
(2 ngay) & giai doan w6t Mbi thiing chita nwdc mua véi pH tit 7 dén
2,5. Gia tri pH duge duy tri bing cach bd sung lwgng axit hai 14n mbi
ngay, kiém tra bing méy do pH. Sau giai doan w6t, miu dugce 14y ra,

lam sach bé mit va do céc théng s6 &n mon.
3. Két qua va thao luan

Miic dit thiét bi c6 thé do ba théng sb, nhung viée danh gia kha
ning xay ra in mon chi dia trén hiéu dién thé in mon. Do d6, trong
nghién citu nay, chi s§ hiéu dién thé in mon dugc xem xét. Ngoai ra,
dit liéu ctia chu ky diu tién trong tht ca cac thi nghiém c6 sy khac biét
déng ké so v6i cic chu ki con lai, nén da bi loai bé. Két qua ciia bbén
mtc thi nghiém duge trinh bay trong Hinh 7. C6 thé thiy ring chi c¢6

trwdng hop do sau cacbonat héa 5 mm thé hién hiéu dién thé an mon

¢6 xu huéng phu thudc vao gié tri pH ctia nidc muwa mod phéng, trong
khi cac truong hop con lai khéng cho thiy anh hwéng nay. Hon nita,
trong ca bén trudng hop, hiéu dién thé in mon c6 xu huéng giam do
am theo chu ky, nghia 12 ri ro &n mon giam. Ti¥ d6 c6 thé két ludn ring
gi4 tri pH hoic cac axit trong niéc mra hau nhu khong c6 hodc ¢6 anh
hwéng khong dang ké dén qua trinh dn mon. Két qua nay c6 thé giai
thich bdi lvgng axit trong nwdc mua md phéng qua nhoé so véi luwong
16n Ca(OH), c6 tinh dém trong vita xi méng [11]. Hon ni¥a, cic anion
S0,% va NO, khéng gy #n mon ngay ca khi thanh thép tiép xiic v6i
chiing [12]. Sy giam hiéu dién thé dn mon c6 thé 13 do qud trinh thiy
héa xi ming bd sung va sy hinh thanh thach cao ti¥ phan tng giita
H,SO, va Ca(OH), trong vita xi mang.

Mtic d6 cacbonat héa cao hon ctia mau thit din dén gia tri hiéu
dién thé 3n mon c6 gia tri Am hon. Hon nita, trong trudng hop do6 siu
cacbonat héa dat 20 mm, hiéu dién thé #n mon cta tit ca cac mau tiép
xtic v&i nuwée mod phong déu 4m hon -500 mV/CSE, gié tri nay ciing Am
hon so v&i ngudng -350 mV/CSE — miic gidi han v&i 90 % kha nang
xay ra &n mon theo tiéu chuin ASTM C876 [13].

Sau khi hoan tit do lo'ng #n mon qua tt ca cic chu ky, cac miu
thtt dwoc pha vo dé kiém tra sy #n mon c6 thé quan sat dugce ctia cbt
thép. Nhu thé hién trong Hinh 8, d6i v6i tridng hop ¢6 d6 sau cacbonat
héa 20 mm, tinh trang &n mon nghiém trong d4 xay ra trén c6t thép véi
lvgng san phim &n mon rd rang, mic dit mAu thit chi trai qua ba chu
ky. Trong khi d6 cdc mau c6é dd sau cacbonat héa Omm va 8mm, khéng
phéat hién dugc sw an mon cé thé quan sat béng mét thuong. bbi voi
mau thtt ¢6 d6 sau cacbonat héa 8 mm, mét sé miu c6 hiéu dién thé in
mon 4m hon -350 mV/CSE; tuy nhién, gia tri ndy tré nén it &m hon sau

céc chu ky thi nghiém. Do d6, didu nay c6 thé 1y giai hop 1y cho viéc

khong phét hién &n mon rd rang trén cic mau thi ndy.

Hinh 3. Po chidu sau cacbonat hoa bing cdc miu kiém chiing.

Hinh 4. Phan bd chuén gié tri pH nuéc muwa ¢ Nhat Ban (2014).
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Bang 1. Thanh phin ctia nuéc mua.

Thanh phin nwéc mua (umol/L)

S0,> | NO;~ cl~ NH,*

Na*t K* Ca* Mg?* nssSO,* nssCl™ nnsCa?* nssMg?*

nnskK™

19 94.6 21.9

20.7

80.8 3 6.9 9.8 15.8 2.8 5.1 0.8

1.4

Lutu y: nss 1a viét tdt ciia "khong phdi mudi bién".

Hinh 5. Thiét bi do c4c théng sb an mon cbt thép.

Bang 2. Mbi quan hé gitta hiéu dién thé in mon va xéc suit kha ning xay ra in mon.

Hiéu dién thé #n mon do dwge (mV/CSE*)

Xac suat xay ra &n mon

Nhoé hon 10 %

> -200
- 200 to -350 Khoéng xac dinh
< -350 Lén hon 90 %

Luu y: CSE = bién cyc ddng sunfat.

Buwéc 1: 5 ngay chu
3 Buwoc 2: 2
ky kho, méu dugc chu ky w6t ﬁ?
dat trong t bdo on 5 duore ngam trong
:%éy chukykho & 40 it nuéc mua
u kién 40°C va do mé phon
4m 30% s
Buwéc 4: Do cac | Buwoc 3: Votva
thdng s &n mon P‘- I ' 1am sach bé mat

L’ f mau

Hinh 6. Qui trinh thi nghiém do céc théng s dn mon.

T . .
Chiifilsin cicbonat hod: Omim Chiéu sau cacbonat hoa: Smm

e 0
£ .00 g
8o E  -100
.E 5 -200 E @ -200 -
i 2 |
= = —— =
oo -400 g E 100 = n
.5t -6t
&8 & 500 | —o-7m —sm
T 600 £ g0 Le—nin —— 502 corrotsion
3 4 5 6 7 2 3 4 5 6 7
D% pH dung dich D6 pH dung dich
Chiéu siu cacbonat hoa: Smm Chiéu sau cacbonat hoa: 20mm
o .
g —ix e = o
E  .100 > 3 fiod g -100 e
»5 *— 5th * 6th 5 "
= 2 - 7th - 8th K -2
%: u 200 . 9th - 10th s 2ad
= g -300 —90% comrosion E o 3rd
& 00 &
g2 > z
f:E -500 _@ 500 P — 3
600 = i
8 -600
2 3 s 6 7 2 3 4 5 6 7

4
D6 pH dung dich Do pH dung dich

Hinh 7. Anh huéng ctia chidu sdu cacbonat hod va 6 pH dung dich t&i hiéu dién thé in mon.
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4.

Hinh 8. Hinh anh tinh trang &n mon cta cbt thép sau khi pha d& mau.

Két luan

Tt cdc két qua thi nghiém thu dwoc, ¢6 thé rit ra mot sé két luan

chinh nhu sau:

e  Axit trong nwéc mua khong hodc c6 anh hudng khong dang
ké dén sy 3n mon cta cbt thép. Do d6, an modn nén dugce
xem xét 12 két qua ctia tic dong két hop giita qua trinh
cacbonat héa va sy thdm nhép ctia nuwée.

e An mon c6 thé xay ra do tic dong két hop clia qué trinh
cacbonat héa va sy thdm nhép ctia nudce, ngay ca khi d6 sau
cacbonat héa chura dat dén vi tri ctia c6t thép.

e  Hiéu dién thé #n mon thu duoc phu thudc vao do sau
cacbonat héa ctia miu thit. Do d6, c6 thé két luan ring, trong
cliing mot didu kién thim nhép nuéc, mic do dn mon phu
thudc vio mitc d6 cacbonat héa tai vi trf cbt thép.

Vi vay dé danh gia kha ning 3n mon cta bé téng cbt cin xay

dyng mb hinh dy bdo xac dinh chiéu sau #n mon do tac déng két hop

ctia qué trinh cacbonat héa va sy thdm nhép cta nude.
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Nghién cttu nay dugc thit hién v&i sy hd trg tai chinh tir Dé tai
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