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ABSTRACT: Corrosion situation causing failure in reinforced concrete structures in marine
areas in Vietnam has become very serious. Corrosion of reinforced steel damaging reinforced
concrete structures is a widespread problem. Now, there is a few constructions in coastal
atmosphere (1 to 30 km from water edge) with 50 to 60 durability, most of the others in upper
marine and estuary near marine, in the land atmosphere areas (0 to 1 km from water edge) are
corroded and damaged after from 15 to 20 years. On average, the structures durability in the
above mentioned areas is from 40 to 50 percent of designing requirements. Suffering due to
corrosion is serious, cost on repairing failed constructions caused by corrosion accounts for 30 to
70 percent of prises of making new constructions. To solve corrosive resistance and protection of
reinforced concrete constructions in marine areas in Vietnam, this article introduces some
experience on designing and repairing failed reinforced concrete structures caused by corrosion
of Vietnam’s marine environment. This has been researched, developed matter and applied
effective for the last few years by IBST (Vietnam Institute for Building Science and Technology)

1. VAN PE AN MON VA HU HONG CONG TRINH BE TONG COT THEP O
VUNG BIEN VIET NAM

Két qua nghién ctru va khao sat cua Vién KHCN Xay dung [1, 2, 3, 4, 8] cho thay cac
cong trinh bé tong cot thép (BTCT) xay dung & viing bién nudc ta phai gdnh chiu tdc
dong an mon manh cta moi trudng bién, trong d6 phd bién va nguy hai nhét 1a hién
tuong xam thuc clorua gay an mon va pha huy cot thép trong cac két cdu BTCT.

Hién nay, trén khip viing bién c4 nu6c ¢6 hang nghin cong trinh BTCT da dugc xay
dung trong khoang thoi gian tir truéc nam 1990 dang bi an mon va pha huy cot thép
nghiém trong. Trong s6 d6, ¢6 rat nhiéu cong trinh can phai stta chita 16n méi c6 thé
ti€p tuc kéo dai duoc tudi tho phuc vu. Qua trinh dn mon c6t thép cé thé bat dau ngay
tir khi ham luong ion clorua xAm nhap vao mién bé tong can cot thép khong 16n,
khoang 0,60 + 0,80 kg/m* bé tong. Do san pham 4n mon (gi sit) nd thé tich 4 + 6 1an sé&
gay tng sudt lam nit bé tong bao vé doc theo cdc thanh cot thép bi dn mon, tao diéu
kién thuan 1gi cho su xAm nhap ngay cang nhanh ion clorua vao bén trong bé tong, ddy
nhanh t6c do an mon va pha huy cot thép.



Biic tranh chung vé€ an mon va pha huy két cau cong trinh BTCT do ion clorua nhu sau :

o Céc phan két cau BTCT nim & cdc ving nuéc 1én xuodng va séng tap, khi quyén trén
mat nudc bién va miat nue song gin bién, khi quyén trén bd (cach mép nuée 0 + 1
km) chiu xam thuc clorua rat manh, véi nién han khoang 15 + 20 nam va tuy thudc
vao chat lugng bé tong, vi tri 1am viéc cha két cdu mién bé tong can cot thép co thé
bi xam nhap t6i 0,94 + 3,60 kg Cl"/m’ bé tong. Vi vay c6 rat nhiéu két cau da bi an
mon va pha huy c6t thép rat nghiém trong sau khoang 15 + 20 nam st dung.

o Céc phan két cau BTCT nam & ving khi quyén gan bo (tr 1 + 30 km) chiu xam
thuc clorua kha manh, véi nién han st dung 20 +30 nam, mién bé tong can cét thép
c6 thé tich tu t6i 0,63 + 1,41 kg ClI'/m® bé tong va cot thép ciing bi phd huy nang né
sau khoang 20 + 30 nam st dung.

o Céc phén két cau BTCT thudng xuyén bi ngap trong nudc bién mic du bi xam thuc
clorrua rat manh, mién bé tong can cot thép c6 thé tich tu t6i 15 kg Cl'/m? bé tong,
thoi gian phuc vu kha lau, nhung c6t thép hau nhu chua bi hoac méi chi bi an mon
rat nhe. Ching han, két qua khéo sit gan day tai cdc phan két ciu ngap trong nudc
bién va cira song ven bién nhu Cang Hon Gai sau hon 100 nam, Cdu bé tong (ciu
gitta) & Phan Thiét trén 90 nam, cau Phu Hai & Phan thiét trén 85 nam chi phat hién
thay cot thép chém bi gi nhe, bé tong chua bi nit vd. D6i véi cdc cong trinh ¢ nién
han ngéan hon, nhu Cang Thuong vu Viing T4u trén 15 nam, Cang Nha Trang trén
15 nam, Cang So6ng Han trén 35 nam, Cang Cira CAm gén 30 nam déu chua phat
hién thay co6t thép bi an mon. Hién tugng nay duoc giai thich 1a do lugng oxy hoa
tan trong nudc bién thap nén khong di kha niang oxy hoa c6t thép.

o Ngoai ra, cdc két qua khao sat cho thdy t6c do xam thuc ion SO,*vao trong bé tong
& ving ngap nudc va nudc 1én xudng rat cham, vi vay chua phat hién thiy hién
tuong bé tong bi pha huy do an mon sunfat tai cdc cong trinh ¢ nién han 15 dén
trén 100 nam ké trén.

Nhu vay, tinh trang an mon va pha huy két cdu BTCT & cac viung nudc 1én xudng va
séng tap, khi quyén trén mit nuéc bién va mat nuée song ven bién, khi quyén trén bo (
cach mép nuGc 0 + 1 km) va gan bd (cdch mép nudc tir 1 + 30 km) 1a rat pho bién va
gay thiét hai nghiém trong cho nén kinh t€ nugc ta. Tinh hinh thuc tién dat ra van dé
cap bach phai nghién citu va trién khai 4p dung cdc giai phép thiét k€ va thi cong sta
chita cho céac két cau bé tong cot thép da va dang bi hu hong do tac dong an mon cua
moi trudng bién nudc ta.

Duéi day xin giGi thiéu mot s6 kinh nghiém thiét k€ va thi cong stra chita cic cong
trinh BTCT bi hu hong do tdc dong an mon cua moi trudng bién nudc ta do Vién
KHCN Xay dung da nghién cttu va trién khai tng dung c6 hiéu qua tot trong nhiing
nam gan day.

2. MOT SO KINH NGHIEM THIET KE SUA CHUA KET CAU BTCT BI HU

HONG DO AN MON

Nhin chung céc két cau BTCT khi da bi an mon c6t thép va nit v bé tong bao vé déu
kéo theo su suy gidm kha ning chiu luc va ¢6 thé mat hoan toan kha nang chéng an
mon. Do vay, phuong an thiét k&€ stra chita két cau BTCT bi hu hong do an mon can
phai dam bao dat dong thdi cdc yéu cau sau day:

- Kha nang chiu luc ctia két cau;



- Kha nang phong chong an mon;

- Diéu kién lam viéc binh thudng
2.1. Thiét ké ddm bdo khd ndang khd ndang chiu luc cuia két cdu
Cac phuong 4n duéi day c6 thé 4p dung d6i vdi cdc két cau cin gia c6 ting cudng kha
nang chiu luc. Tuy thudc vao tinh trang va mic do hu hong c6 thé chon mot trong cac
phuong an thiét k&€ gia ¢ sau:
a) Gia cé khong md rong tiét dién

- Ap dung cho két cdu bi hu hong cuc bo;
Dién tich cot thép can gia cd xac dinh theo két qua tinh toan kha nang chiu luc;
Lién két thép méi véi thép cii bang han hodc budc, chiéu dai han hoic budc theo
quy pham hién hanh.
Vi du minh hoa thiét k& stra chita cuc bo két cau cot 6 hinh 1;
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Hinh 1. Vi du thiét k€ stra chita hu hong cuc bo két ciu cot BTCT tai cong trinh sua
chita chong an mon két cau BTCT Nha nghi Lé Loi Sam son — Thanh Hoa (nam 2002)
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Hinh 2. Vi du thiét k&€ gia ¢6 ¢6 m& rong tiét dién két cdu dam BTCT tai cong trinh sta
chita chong an mon két cau BTCT Nha nghi Lé Lgi Sam son — Thanh Hod (nam 2002)

b) Gia c6 mo rong tiét dién



- Ap dung cho két cdu bi hu hong toan dién hoac két cau chiu luc 16n

- Dién tich c6t thép can gia ¢ xac dinh theo tinh toan;

- Lién két thép hinh méi vdi két cau cii thuc hién bang gong két hgp vé6i han;
- Lién két thép tron mdi véi thép cii thuc hién bang han.

- Vidu thiét k€ gia c6 sta chita toan dién két cau ddm minh hoa & hinh 2.

2.2. Thiét ké ddm bdo khd ndang phong chong an mon lau dai cho két cau

Can ct két qua khao sat danh gid hu hong dé thiét ké phuong 4n phong chong dn mon
lau dai cho cac két cau da bi an mon va khong con di nang luc phong chéng an mon
(bao gém ca két cau du va khong dt kha nang chiu luc).

o Truong hop két cdu bé tong cot thép da bi an mon

Phuong an thi€t ké chong an mon cuc bo: dp dung cho truong hgp két cau bi an
mon va hu hong cuc bo. Loai bo phan bé tong da bi nit, bong 16, nhiém man xung
quanh céc thanh c6t thép bi an mon, tao khoang trong t6i thiéu 20-30 mm dé lam
sach gi cot thép (vi du xem hinh 1). Son chong an mon c6t thép. Chen va 14p day
phan bé tong da duc bo bang bé tong hoac vita mdi c¢6 tinh nang thoa méan yéu cau
thiét k& chong an mon & bang 1, c6 thé chon theo mot trong cdc phuwong 4n sau:

- Beé tong chong tham;
- Beé tong phun kho;
- Vita bom khong co;

- Vita rét tu chay chong an mon clorua: cho truong hop cot thép bi an mon nang,
mién bé tong can cot thép bi nhiém ion Cl trén 2,0 kg/m?, két cau c6 cot thép
day, cau tao phuc tap, khé xtt 1y theo cac phuong an khac.

Phuong an thiét k&€ chong an mon toan dién: ap dung cho truong hop két cau bi an
mon va hu hong trén dién rong. Cach lam nhu sau:

+ Loai b6 cdc phan bé tong da bi nut, bong 16, bi nhiém man xung quanh va doc
theo cdc thanh cot thép bi gi, tao khoang trong t6i thiéu 20-30 mm;

+ Lam sach gi c6t thép va son chong an mon c6t thép;

+ Gia c6 bd sung thém thép méi theo (néu két cau khong dam bao kha niang chiu
lyre);

+ B6 sung bé tong hodc vita méi c6 tinh nang thoda man yéu cau thi€t k€ chéng dn mon
& bang 2, vi du xem hinh 2 va 3. C6 thé chon theo mot trong cdc phuong 4n sau:

- Beé tong chong tham;

- Bé tong phun kho;

- Vita bom khong co;

- Vita rét tu chay khong co.

- Vira rét ty chay chong an mon clorua: cho truong hop cot thép bi an mon nang,
mién bé tong can cot thép bi nhiém ion CI” trén 2,0 kg/m?, két cau c6 cot thép
day, cau tao phuc tap, kho xur 1y theo cac phuong dn khac.



o Truong hop két cdu khong con di nang luc chong dn mon (dién hinh la cdc truong
hop chiéu day bé téng bdo vé mong, khong dat mdc va do chong thdam):

» Dai vbi két cau cb 16p bé tong bao vé mdng, khong dat méc theo yéu cau thiét k&
chong an mon & bang 1 thi bao vé mat ngoai bang 16p bé tong phun kho, vita trat
chong thadm hoidc son chong thim dé ngin chin sy xam nhap clia nuéc, oxy va cac
chat xam thuc vao két ciu.

» Chiéu day 16p bé tong, vita gia c6 mdi dugc tinh todn sao cho téng cong 16p bé tong
bdo vé cii va 16p bao vé méi dat yéu ciu bao vé t6i thiéu theo quy dinh & bang 1.
Co6 thé chon mot trong céc phuong 4n sau:

Bé tong chong tham;

Bé tong phun kho;

Vita bom khong co;

Vita rét tu chay khong co.
Vira trat chong thadm

Bang 1. C4c yéu cdu t6i thiéu vé thiét k& bao vé két cau chong an mon
trong mai trudng bién [ 9]

K&t cau lam viéc trong ving
S Khi quyén
Yeéucau Ngap | Nudc Trén mat Trén bo, Gan bo,
hict k& | nuge | len nude 0+1kmecich | 1430 km
xuong . . . p
mép nuéc cadch mép
nudc
Maic bé tong, Mpa | 30| 40| 40 | 50 | 30 | 40 | 50 | 25 | 30 | 40 | 25 | 30 |40
Do chong tham gl10| 10|12 8 [10[12| 6 |10]12] 6 | 10|12
nudc, at
Chiéu day I6p bé tong
bao vé cot thép, mm
- Két caungoai troi 50 [ 40 | 30 | 40 | 30 |25
-Két il trong nhi 40 | 30 | 25 | 30 | 25 |20
- Nutc bién 50(40| 70 | 60 | 60 | 50 | 40
-Nudclo cliasong |40 [ 30| 60 | 50 | 50 | 40 | 30
PO mé rong vét
nat, mm
“Kétcaungoditi | < 01 | < 0,05 <0, < 0,1 <0,
- Kétca trong nha - - <0,1 < 0,15 < 0,15
Ciutaokiéntnic | - Bé mat két ciu phéng, khong gay dong nudc, khong gay tich hoi 4m
va bui.
- Han ché st dung két cau BTCT dang thanh manh (chép, lan can chan
nang)
- C6 kha nang tiép can t6i moi vi tri dé kiém tra, sira chira.




2.3

. Ddm bdo diéu kién lam viéc cua két cdu

Cian ct két qua khao sit danh gia di€u kién lam viéc ctia két cau. Trong phuong an thiét

k& stra chita can c6 bién phap ngan chan hoac loai bo cac yéu t6 da gay tang téc do an

mon va hu hong nhu cong trinh bi qua tai, thdm dot, dong nuéc, am uét kéo dai

3. KINH NGHIEM THI CONG SUA CHUA KET CAU BTCT BI HU HONG DO
AN MON

3.1
a)

b)

c)

d)

Vit liéu su dung

Bé tong phun kho: Vat liéu sir dung dé ché tao bé tong phun kho, thanh phan be
tong phun kho duogc chon theo chi dan ky thuat xay dung “Bé tong phun kho - Chi
dan k¥ thuat thi cong va nghiém thu”.

Bé tong chong thdm: Vat liéu ché tao va thanh phan bé tong chong tham chon theo
“Chi dan k¥ thuat chon thanh phan bé tong cac loai”, hoac “Bé tong — Chi dan k§y
thuat thi cong x{ 1y cdc vét niit, rd, thim nudc bang cong nghé bom ép ho, vira xi
mang”.

Vira bom khong co: 1ay theo tai liéu “Bé tong — Chi dan ky thuat thi cong xur 1y cac
vét nit, ro, thaim nudc bang cong nghé bom ép ho, vita xi mang”

Vira rét tu chay khong co: Chon loai vita tu chay khong co tron san dap ung yéu cau
ky thuat cua TCXD 258: 2001

Vita tu chay chong an mon clorua: Pap ting yéu cau k¥ thuat bang 2 thanh phan cap
phoi vita c6 thé so bo chon theo bang 3 dudi day.

Bang 2. Yéu ciu k¥ thuat clia vira tu chay chéng an mon clorua

Yéu cau Phuong phap

Chi tiéu ky thuat bon vi dat duoc Kidm tra

Do chay (sau 60 phiit ) cm > 20 Nhoét k€ Suttard

Do tach nudc (sau 90 phut) % 0 TCVN 3109:1993

Cuong do nén & tudi 28 ngay | daN/cm? | 400 + 600 | TCVN 3121:1979

Tinh khong co (do bién dang ) Chi dian ky thuat chon
& tuéi 28 ngay) mm/m | 0,001+0,05 | 4 shan be tong céc loai

Do tham ion clorua culong <1.000 | AASHTO T-277

Bang 3. Thanh phan vita tu chay chong an mon clorua

TT

Cuong do Ty 1é pha tron vat liéu, phan don vi

vita g tubi |, o Chat Gc | Phu gia .| Phu
N Long/ran U g J
28 ngay ¢/ Ximang | Cat ché¢ an | khoang Phu gia gia

2) R ... = | siéu déo
(daN/cm mon siéu min nd

0,18- 100 100 | 0,8-1,0 10-15 1,5-2 | 8-10

600 0.20

0,18- 100 125 | 1,0-1,2 10-15 1,5-2 | 8-10

500 020

0,18- 100 150 | 1,2-14 10-15 1,5-2 8-10

400 0.20




Ghi chii:

Trudc khi sit dung can trén thi nghiém viia dat yéu cdu ky thudt ¢ bang 2;

Xi mang su dung loai PC40 hodc PCB40;

Cadt su dung cé hat tir 0,30 — 2,0

Chadt tic ché an mon: Dung phu gia canxi nitorit dang long, nong do NO, 30%

Phu gia khodng siéu min: dung silicafume hodc metacaolanh hodc dang cé tinh ndng
tuong duong,

Phu gia siéu deo dang bot
Phu gia no dung AC-89 hodc loai tuong duong.

Vira trat chdng tham: Vat liéu ché tao va thanh phan cap phoi chon so bo theo bang 4.

Bang 4. Thanh phan vira trat chong tham

Mic vita, Ty 1¢ pha tron vat liéu, phan don vi
do chong N Phu gi Ph
TT| .. =, 5. | Longfan ; : u gia u .
tamo | T | | ek | hoing | gia | PP
28 ngay g siéu min | polime
1 200, B8 0,14-0,16 | 100 180 | 0,2-0,3 5-10 10-15 6-8
2| 300,B10 | 0114016 | 100 150 | 0,2-0,3 5-10 10-15 6-8
3 400, B12 | 0,14-0,16 100 150 | 0,2-0,3 5-10 10-15 6-8
4 500,B14 0,14-0,16 100 125 0,2-0,3 5-10 10-15 6-8
Ghi chu:

Trudc khi sit dung can tron thi nghiém vita dat yéu cdu mdc va do chong tham

Xi mang: Loai M200,B8 va M300,B10 diing xi mang PC30 hodc PCB30; loai M400,B12
M500, B4 dung xi mdang PC40 hodc PCB40,

Cadt su dung cé hat tir 0,30 — 2,0

Phu gia siéu déo dang nudc chdam ninh két, nong do chdt kho 40%;

Phu gia khodng siéu min: ding silicafume hodc metacaolanh hodc dang co tinh ndng
tuong duong,

Phu gia polime goc latex hodc acrylic

Phu gia no dung AC-89 hodc loai tuong duong

Son chéng an mon cot thép: Dung son epoxy bi€n tinh hoac son chong an mon xi
mang — polime. Yéu cau son chdng gi phai ¢6 kha nang chéng an mon cao va lién
két bam dinh t6t v6i ca bé tong va cot thép va phai dap tng yéu cau ky thuat theo
ASTM D 3963/D 3963M-01.

3.2 Thiét bi thi cong

a) Thiét bi phun kho: Cac thiét bi dung cho cong nghé phun kho bé tong chon theo tai

liéu “Bé tong phun kho - Chi dan k¥ thuat thi cong va nghiém thu”.

b) Thiét bi bom vita 16ng khong co: Chon theo "Bé tong - Chi dan k§y thuat xir 1y cac

vét nit va thdm bang cong nghé bom ép ho vita xi mang"



c) Mady danh gi c6t thép: Dung mdy danh gi cam tay, dién 1 pha, cong suat 550 — 800
W, chdi dia loai phang va loai bat.

d) May khoan bé tong: St dung may khoan dién xoay dap, cong sudt 750 —1150 W,
miii khoan ¢18 +$38

e) May cat thép cam tay, dién 220V, cong suat 750 - 900 W.

3.3 Qui trinh cong nghé thi cong

Qui trinh cong nghé thi cong stra chita két cdu BT&BTCT bi hu hong do an mon duge

tién hanh theo trinh tu sau day:

a) Chong d& két cau: Khi thuc hién viéc stra chita hoac gia co két cau, dac biét 1a doi
vGi cac két cau da bi giam yéu kha nang chiu luc, nhat thi€t phai tién hanh chong
do két cdu va giai phong hoan toan hoac mot phan két ciu can sua chita khoi trang
thdi chiu luc. Cac két cau chiu luc tai 16n c6 thé chia ra xir ly timg phan thiét dién.
Tuy thudc vao tai trong tdc dung lén két cau, c6 thé chong d& két ciu bang cot gb
dac chic @ > 80mm, hodc yéu cau phai c¢6 cot chong thép di kha nang chiu tai va
dam bao an toan cho thi cong.

b) Duc tia bé tong: Puc tia k§ thuat loai bod phan bé tong doc theo céac thanh c6t thép
bi gi, tao khoang trong sao cho c6 thé danh sach duoc gi toan bo thanh cot thép can
stra chita.

c) Tay gi cot thép: Cot thép phai duge danh sach gi biang ban chai, chéi sit, mdy ddnh
gi cam tay hoac phun cat.

d) Khi can c6 thé phai phun hodc quét chat bién doi gi dé lam sach hoan toan gi trén
bé miit c6t thép va bao vé cot thép trong khi chd phun hoic dé bé tong.

e) Han hodc n6i bo sung cot thép: Theo ban vé thiét k& stra chita, tién hanh han gia
cuong lién két viing chic cot thép cii va méi. Trong trudng hop khong thé han lién
két gitta c6t thép cii va mdi thi ¢6 thé dung t6 hgp bu long cudng do cao khoan chon
sdu vao phan bé tong cii dé lien két voi thép gia cudng. Bién phap nay thudng ap
dung cho céc két ciu ¢6 kich thudc 16n gia c6 bang thép hinh.

f) Quét son bao vé cot thép: Thuong st dung céc loai son chong gi ¢6 ngudn goc tir
Epoxy, xi mang va xi mang-Polime.

g) Tang cuong bam dinh gilra bé tong mai va bé tong cti: Cach lam nhu sau:

- DPuc nhdm bé mat bé tong cil, rira sach bé mat bang nudc, dé rdo nudc;

- Quét mot 16p hd xi mang sét véi ty 16 N/X nho hon hodc bang 0,3 hodc ho xi
mang polime acrylic, xi mang polime styrenbutadien 1én bé mat bé tong cil (ty
1&¢ polime 15 dén 20% khoi lugng xi mang). Polime tao dinh hé latex phai dap
ung yéu cau k¥ thuat theo ASTM C 1509-90;

h) Thi cong bé tong va vita stra chita
- D6 bé tong: Thuc hién theo TCVN 4453:1995. Chi y st dung cot lieu kich

thuée D,,,, khong vuot qua 1/3 kich thudc nho nhat clia khoi d6 va tao lién két
tot v6i bé tong ci.

- Bom vita 16ng khong co: Thuc hién theo "Bé tong - Chi dan k¥ thuat xir 1y céc
vét nit va thadm bang cong nghé bom ép ho vita xi mang"

- ROt vita ty chay khong co, vita tu chay chong an mon clorua: Ghép cop pha
tuong tu nhu bom vita 16ng khong co, chi khic 1a thay bom bang rét, nén cira rét
va 16 thodt khi phai bo tri ¢ phia trén cling.



- Phun bé tong kho: Thuc hién theo "Bé tong phun kho - Chi dan ky thuat thi
cong va nghiém thu"
- Bao dudng bé tong va vita: Thuc hién theo TCVN 5592:1991.

.KET LUAN

Kinh nghiém thiét k&€ va thi cong da trinh bay trén diay duoc dic két tir két qua
nghién ctu va ung dung cta Vién KHCN Xay dung trong nhiéu nam qua c6 hiéu
qua tot trong sua chita cac cong trinh BTCT bi hu hong do tac dong an mon cua moi
truong bién nudc ta.

Kinh nghiém da gidi thiéu c6 thé dp dung dé 1ap phuong 4n thi€t k& va thi cong stra
chita chong dn mon cho cdc cong trinh BTCT x4y dung & viing bién nudc ta.

Moi thong tin cén thiét xin lién hé: Phong nghién ctu an mon va bao vé cong trinh
-Vién KHCN Xay dung. DT: 04. 754 01 89, Fax: 04. 836 11 97, Db: 0913522602
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