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M6 hinh luai dy bao thoi gian bat dau an mon cot thep 
cua be tong trong moi truong bien 

I TS. PHAM OtfC THO; NGUYEN THj NGOAN - TrUdng Dqi hpc Md - Dia chdt 
I TS. DAO P H O C LAM; TS. N G U Y I N THj H A N G - TrUdng Dai hpc Cong nghe Giao thdng vdn tdi 

TOM TAT: Bai bao gi6i thieu ket qu^ mo phong 
qua trinh khuech tan ion do trong be tong, qua do 
dy bao thdi gian an mon cot thep va Inh hudng cua 
chieu day lop be tong bao ve den thoi gian an mon 
cot thep trong ket cau be tong cot thep (BTCT) 
trong moi truong bien M6 hinh luoi (lattice model) 
dua tren da giac Voronoi va tam giac Delaunay 
duoc sd dung de mo phong qua trinh khuech tan 
cda ion do trong be tong Dinh lugt Pick 2 dung 
de mo t l qua trinh khuech tan ion do duoc so hioa 
trong ma nguon md (open source) OOFEM va vJec 
so sanh ket qu i mo phdng voi ket qua giSi tidn clio 
thay tinh dung d§n cua mo hinh so. 

TU KHOA- Mo h'\nh luoi, be tong moi trudng bien, 
khuech tan ion do 

ABSTRACT: This paper presents the simulation 
results of ion chloride diffusion in concrete tlien 
estimate the service life (initiation period) due to 
chloride ingress and effect of the thickness of 
reinforced concrete cover on the the service life of 
the concrete structures located in coastal regions 
Lattice model is based on a hypothesis that \he 
domain of matenal is discretized randomly by using 
Voronoi tessellation and Delaunay triangulation 
which allows to simulate the chlonde diffusion. 
In this paper, the authors have used this lattice 
method to developpe and Implement the Pick's 
second law for chloride diffusion of concrete in 
the open source OOPEM In order to validate 
the model, the numerical simulation results have 
been compared with the analytical and shown the 
powerful of the model. 

KEYVyORDS: Lattice model, concrete in coastal 
regions, chloride diffusion 

I.DATVANOi 
Da bao tuoi tho eua cau kien BTCT trong cong trinh 

bien dao la van de rat dUOc quan t i m tai Viet Nam trong 
thdi gian gan day. Tren thUc te, cau kien BTCT lam viec 
trong hole tiep xue true tiep vdi moi trudng nude ndi 
chung va nUPe bien ndi rieng thUPng kem ben hon rat 
nhieu so vdi cau kien BTCT thdng thudng do sU xam 
nhap eua nadc (kem khi CO )̂ cung nhu cac t ie nhan xam 

thac khac (ion CI-, ion S04 -̂) vao trong be tdng gay an 
mon edt thep va suy g i im cUdng dp nhanh ehdng.Trong 
do, an mdn cot thep do ion CI- duac xem la nguyen nhan 
chinh dan den suy giam dp ben va tudi thp cua be tong 
trong moi trUPng bien. Theo Tuutti [1], an mdn cot thep 
trai qua theo hai giai doan rieng biet, giai doan mdi (khoi 
mao) va giai doan phat t i n . Giai doan dau la thPi gian 
cac ion do khuech tan vao trong be tPng, cudi giai doan 
nay tUOng Ung nong do ion cio tren be mat edt thep da 
dat tdi ngudng gay an mon va cdt thep bj mat tinh thu 
dpng hda chdng gi (depassivation) va b i t dau qu i trinh 
an mdn cot thep. Sau giai doan moi la giai doan phat tan, 
sin pham an mdn sinh ra ed tinh ehat trUong nP gay Ung 
suat keo trong be tdng, khi Ung suat nay vUpt qua gidi 
ban eho phep dan den su hinh thanh cic vet ndt, sau do 
b i t dau pha huy ldp be tPng b io ve. Neu an mon khdng 
dupc phat hien va cd elc bien phap khic phue cd the gay 
mat khi nang lam viee eua ket eau. 

Viec xlc djnh sU thay doi nong dp ion do theo thdi 
gian cho phep xlc dinh thdi gian b i t dau an mdn, tUong 
Ung vdi thdi diem ndng dp ion elo vupt qua ham luong 
do tdi han. Suthay doi nong dp ion elorua trong be tong 
dapc thuc hien bdi eo che khuech tan va dUoe mieu t l 
thong qua dinh luat thd hai Pick, 1855 [2]: 

di ' dx' 
(1} 

Ldi giai eho bai to in khuech tan dUOc eie t ie gia de 
xuat bing phuefng phap gan dung, trong dd cd sd dung 
ham sai so {erf) [3-5], cd dang: 

'^;i-v.')=c,.ji 
U7AJ_ 

(2) 

Trong do: C|(x,t) - Ndng do ion do theo chieu siu va 
tai thdi diem t; D̂  - He sd khuech tan; C ̂^ - Nong dp ion 
elorua tren be mat. Ham sai sd erf duac xac dinh nhu sau: 

e'f(2) = -j=]':xp(-,r)du (3) 

Phuang phap tiep can nay ap dyng cho bai toan don 
gi in, mpt chieu, do dd ket qua thieu chinh xae khong 
phan anh duac dung thUe te eua ket eau. Trong bai bao, 
tae gia gidi thieu mo phong so, dua tren mP hinh lUdi de 
mo phdng qua trinh khuech tan ion elorua trong be tong, 
td do xie dinh chinh xac dupc thPi gian bat dau In mon. 

2. MO HiNH LUOI 
2.1. Khai niem mo hinh lUdi 
MP hinh ludi duoc xay dUng dua tren so dd Voronoi 
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[6]. Qi ed the xay dUng md hinh ludi, trUPe het phai xiy 
dung he thdng dinh vj lUdi dua tren phin bo mpt each 
ngau nhien cac diem trong mien nghien edu. Co hai thong 
sd de xac dinh so luong cic diem nay, do la: Mat dp elc 
diem 0 <p <1 (mat do cang nhd thi phan bd elc diem eang 
rdng do so lupng diem it va ngupc lai} va khoang each tdi 
thieu giiJa cac diem d^,^. Hai thong sd nay dUpc sd dung 
de kiem soit sd lupng diem cung nhutinh ddng nhat cua 
mien nghien edu. Cd hai phan bd thudng dupe xem xet de 
nghien eUu Inh huPng sap xep ngau nhien elc diem: Phan 
bd gan nhu deu va phan bd khong deu (Hinh 2.1). 

X Coordinate 
a) - Phan bo gan nhu dSu d^^'OOS va p̂  =0.5 

trdn ngoai tiep cua elc tam giac Delaunay). Cac phan 
td dung de mo hinh truyen ehat (chit long) dupe dat 
dpc theo canh eua eae da gi lc Voronoi va dupc ly tudng 
hoa nhu nhdng ong dan 1 ehieu de ap dyng trong cae 
mo hinh dng xd thuy hpe. Su hinh th inh cua elu trOc 
Voronoi theo phuong ph ip nay dupe gpi ehung la rdi 
rae Voronoi. Sau khi hinh thanh ludi, tuy thupc tinh chat 
b l i t o in (mP hinh Crng xd) ma elc phan td ludi dupe xay 
dung theo cae quy t i c khae nhau. 

X Coordinate 

b) - Phan bd khdng deu d,^„ = 00316 va p^ =0.2 
Hinh 2.1: Phin bo diem ngau nhien trong mien nghien eiiu 

De d i m bao tot dieu kien bien, elc diem se dupe 
phan bd tren eae gdc va elc canh bien trudc. Khoing 
each gida eae diem n im tren eanh bien se nho hon 
khoang each cac diem n im trong de dam bao tot cau 
true Voronoi (se trinh bay d phan sau}. Moi diem phan 
bd trong mien nghien edu se dupe kiem tra de thoa man 
khoing each tU diem dd den cae diem xung quanh Idn 
hon khoing each toi thieu d^^^. Sau khi xay dUng xong 
he thdng diem dinh vj, lUdi se dupe xay dUng dUa tren 
thuat toan da giac Voronoi va tam giae Delaunay (Hmh 
2.2). Cae canh eua tam giac Delaunay I I noi d i t cle phan 
tddung cho mP hinh dng xdeo hpe vasuhinh thanh cac 
phan td theo phuong phap nay dapc gpi ehung la rdi rae 
Delaunay. Cau trtje Voronoi co the coi II doi ngau hinh 
hpc cua he tam giae Delaunay khi moi canh cua mang 
ludi nay deu n im tren dUPng trung trUe eua mpt canh 
nao do thupc he tam giac Delaunay {hay ndi each khac 
elc dinh eua cac da giac Voronoi ehinh la t i m dudng 

(a) (b) 
a) - Da giac Voronoi: (b) - Tam giac Delaunay 

Hinh 2.2 
2.2. Mo hinh khuech tan ion elorua trong be tong 
MP hinh khuech tan ion elorua duac dUa tren 

phuong trinh thd 2 cCia Fiek {phUOng trinh 1). Trong 
mo hinh ludi, eae phan td dung de md phdng qu i trinh 
khuech t i n trong be tdng dUOc g i l dinh la cac ong dan 
nam doc tren cae da gilc Voronoi. PhUOng trinh mieu 
ta chly eua chat Idng, trong trUdng hop 1 ehieu, doi vdi 
moi phan td duoc xae djnh phuong trinh sai phan tUng 
phan don hUPng cua qua trinh truyen chl't d trang thai 
khong on dinh. Trong trUPng hpp elc phan td dupe gia 
thiet la cle ong dan 1 chieu, phuong trinh n ly dupe xae 
dinh nhUsau: 

- = / (4) 

Trong dd: D^ - Ma t r in khuech tan cua phan td; Ĉ  -
IVla tran dung lUpng cua phan td; t - Thdi gian; f- Nguon 
ben ngoai. 

D^ = -D,\ ; C„ = — 5} 

Vdi: h - Chieu d i i phan td co hpc; / - Chieu dai eua 
phan td dang ong; D̂  - He so khuech tan eua phan td. 

3. K\iM CHljNG MO HINH KHUECH T A N ION 
CLORUA TRONG BE T O N G B A N G P H L / O N G P H A P Md 

HiNH L U O I T R O N G M A N G U O N M O OOFEM [7] 

Ma ngudn md OQPEM [7] dapc viet bang ngPn ngQ 
C-t-l- va duoc phat trien cho he dieu hanh Linux. QOFEIVl 
cho phep ngudi sd dyng eo the phat trien elc mo hinh 
dng xd eua loai vat lieu mong mudn. Cau true ehuong 
trinh dupe thiet ke dang mo-dun giup cic nhdm nghien 
edu de dang tieh hop cle md-dun doe lap d^ xay dUng 
elc Ung xd to hpp. VPi cac uu diem nay, OQFEM cd thi 
duac sd dung de phi t trien va mP phdng cae bai toan co 
hpc, truyen chat va truyen nhiet. Cau true cua phan mem 
OOFEM gdm 3 mo-dun chinh: M6-dun dung de phan 
tieh ket eau (Structural Module, SM); mP-dun phan tieh 
truyen chat (Transport Module) va md-dun co hpe ehat 
long (Fluid mechanics Module, FM). 
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Khi giai quyet elc b l i to in ve dng xd cua vat lieu 
be tong b ing phUOng phap mo hinh lUdi trong OOFEM, 
ngUdi si!r dung can thuc hien 3 cdng viee ehinh: 

-Thiet lap hinh hpc va chia ludi mien nghien edu dua 
tren cac quy tae ve xay dung mp hinh lUdi da dupe gidi 
thieu P tren. Thuat toan chia ludi duac ngUPi sd dung tu 
lap trinh bang ngPn ngd C-n-; 

-Thiet lap cac dieu kien bien v l dieu kien ban dau 
bing lap trinh C-n-; 

- Xay dung cac mP-dun ve Ung xdcua vat lieu va gan 
dng xd cho cle phan td ludi da thiet lap. De thUc hien 
nghien edu ve qu i trinh khuech tan ion elorua trong be 
tdng, nhom nghien edu da phi t trien mdt mo-dun ve 
khuech t i n ion elorua trong OOFEM dUa tren cic phuong 
trinh thd hai cua Pick. 

Trong phan nay, nhom nghien edu se thUc hien so 
sinh ket qu i bai to in khuech tan duoc nhom phat trien 
trong OOPEM vdi ket qu i giai tich tUong dng dUOc de 
xuat trong nghien edu cua Bolander [8] cho bai toan 
khuech tan. Yeu cau eua bai toan nay la tim ham C-C(x,t) 
thda min phuong trinh kheeh tan {1).Theo bai toan giai 
tfeh trong nghien edu [8], ham khuech tan tai thdi diem 
ban dau dupe lUa chon ed dang: 

*-""KT] (61 
Vdi dieu kien ban dau nhatren, dieu kien bien C(x-0, 

t) - 0 v l q - 0, nghiem gil i tich eua bai to in khuech t i n 
don hudng cd dang: 

cu.n.J"\'^ P) 
Phuong trinh khuech tan (1) dupe nhdm nghien edu 

so hda trong mo-dun khuech t i n 2D phat trien trong 
OOFEM. Md hinh bai toan kheeh tan m l nhom nghien 
cUu sddyng Peso sinh vdi ket qua giai tich la mo hinh ID 
dupe thiJe hien vdi so nut I111, sd phan td la 10 (Hinh 3.1). 
Cic thdng so vat ly dau vao cua mo hinh duoc lua chpn 
vdi he so kheeh tan D - 1. 

C ™, = 0 % c . - 0 " , 

2 3 4 5 6 7 8 9 10 
— . _ — - . . X 

Hinh 3.1: Chia ludi va dieu kien bien cua bai toin truyen nhiet 
tuyen tinh 

Dieu kien bien: C(x = 0,t) = C(x = L,t) = 0 
Dieu kien ban dau: C(x = 0.1, t - 0) = sin(0,1 n); C(x 

- 0.2,1 = 0) = sin(0.2jr), C{x = 0.3, t = 0) - sin(0.3n); C(x 
= 0.4, t = 0) = sin(0.47i), C{x = 0.5, t = 0) - sin(0.5ji); C(x 
= 0.6, t - 0) = sin(0 67r);C(x = 0.7, t = 0) = sin(0.7Tt); C{x -
0.8, t = 0) - sin(0.87r); C(x = 0 9, t = 0) = sin(0.9Ti); 

Trong Hinh 3.2 bieu dien gia tri eua nhiet dd phan 
phoi theo hudng x lUa ehpn. Co the de dang nhan thay 
sUtrung khdp rd ret gida ket qu i chay tren OOFEM va ket 
qua gi l i tich trong nghien edu [8], ehUng td mo hinh ludi 
ed kha ning md phdng qua trinh khuech t i n ion elorua, 
phuc vu eho cdng t i c dU b io tuoi thp cau kien be tdng 
ven bien. 

Hinh 3.2: So sinh ket qui giii tich va ket qui ehay mo hinh 
trong OOFEM 

4. ivio PHONG DLT BAO TUOI THO CUA KET cAu 
BTCT TRONG MOI TRUONG VEN BÎ N 

4.1 . Xac dinh thdi gian bat dau an mon 
Hinh hpc vd dieu kien ban dau: Ket cau be tong dupe 

nghien edu trong bai bao nay ed kieh thUPc 100x200mm^ 
Mien nghien cUu dupc rdi rae thanh cle Voronoi tren 
dd eae canh dUOc xem nhU elc ong dan cho phep van 
chuyen ion elorua td mdi trudng ben ngoai vao trong 
be tong vdi gia thiet ban dau nong dp ion elorua bang 
khpng, C(x,t = 0) = 0 (Hinh 4. la). 

Dieu kien bien: Ndng dp ion elorua tren be mat be 
tdng C thay doi theo thdi gian (Hinh 4.1b). Ddi vdi vung 
khi quyen khu vuc Da Nang, be tong eo cUPng dp 25 
-30MPa: c, = o, 128/"•""'vl he sd khuech t i n ion elorua 
dupe lay nhu trong [9]. Luu lupng tren elc mat cPn lai 
b ing 0, dupc xem nhu khPng co sU trao ddi ion elorua 
vdi mpi trudng, ion elorua se khuech t i n td mat dUdi vIo 
trong be tdng do ehenh lech nong do. 

f '- Thdi gian [nam] 

a) b) 
a) - Hinh hoc va dieu kien bien: b) - Nong dp ion elorua tren be m$t 

Hinh 4. / 

89 



KHOA HOC - CONG NGHE 

Thdi gian [nam] 

b) 
Hinh 4.2: Su thay doi nong do tai eie vi tri theo thdi gian: 

a)C30/b)C40 

Su thay ddi nong do elo tai moi chieu sau eua be 
tdng theo thdi gian ddi vdi be tdng cap 30MPa (C30) va 
cap 40 MPa (C40) duac the hien trong Hinh 4.2. TU day eho 
phep xae dinh thPi gian bat dau I n mPn bang each so 
sanh nong do ion elorua tai thdi diem vUpt qua ndng dp 
tdi ban gay an mdn cdt thep Ĉ .̂ Ndng do nay phu thuoc 
vao nhieu yeu td nhU thanh phan be tong, loai xi mang, 
dieu kien tiep xue... Theo [9], vdi be tong cap C30, Ĉ_ -
0.124% be tdng v l vdi cap C40, Ĉ , ^ 0.157% be tdng. 

Ket qua so sanh gida mo phong v l gi l i tieh thu dUpc 
trong nghien cUu cua Hd Van Quan va nnk [9] duoc the 
hien trong Hinh 4.3. Vdi chieu d iy be tong bao ve 50m va 
60mm cua hai cap be tdng C30 v l C40 mP hinh lUdi eho 
ket qua sit vdi giai tich. Ngoai ra, trong trudng hop ehieu 
day thay ddi tU 50mm den 100mm mP hinh luPi de dang 
xac dinh duoc thdi gian bat dau an mdn va sU phan bd 
ion dorua theo chieu sau cua be tong tai cae thdi diem 
khae nhau ed the quan sit dupc trong Hinh 4.4. 

Hinh 4.3: Chieu day Idp be tdng bao v< 
- thdi gian bat dau an mdn 

Hinh 4.4: Nong dd ion do trong be tdng 
tai cac thdi diem khac nhau cua C30 

5. KET LUAN 
Trong bai bao, elc tac g i l d l phit trien phuong phip 

md hinh luPi de mP phPng sU khuech tan ion do trong be 

tdng lam viee trong moi trudng bien. Ket qua mo phdng 
thu dupc trong bai to in ve xlc dinh thdi gian bM dau an 
mdn cua vat lieu be tdng da dupe so sanh vdi ket qua gili 
tich trong [9] eija elc nhom nghien cUu khie cho thSy 
SU trdng khdp va bade dau ehdng minh phuong phap 
mP hinh luPi eo nhUng Uu diem vupt trdi trong viee md 
phdng phu hpp nhat vPi dng xd thde te cua v i t lieu be 
tdng. Ngoai ra, mP hinh luPi dupe hpp thanh bdi eae phan 
tLf rdi rae de dang tieh hpp tinh khong dong nhat eua vat 
lieu be tong cung nhU cho phep tieh hpp cac yeu td hinh 
hpe v l sU phan bd ngau nhien cua cdt lieu dUa tren vi§c 
xay dung he ludi diem phin bo ngau nhien eung nhucac 
quy tae phin bd rdi rae Voronoi va Delaunay. 

Ket qu i eua bai bao eo the lam tai lieu tham khao cho 
cin bp ky thuat trong viee kiem tra, tham djnh eung nhi; 
du b io tudi thp eua elc cong trinh trong moi trudng bien. 
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