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Abstract. Most current service life calculation models of concrete structures due to chloride
penetration are calculated by the deterministic method, this means that the service life of
concrete structures is a unique value which results in a large margin of error. Durability
design of concrete structures that is based on probabilistic method could accurately estimate
the range of failure probability by taking into account dispersion of parameters of the model.
The main objective of this study is to present the durability design of concrete structures that
are penetrated by chloride in the marine atmosphere zone using the probability method based
on Monte Carlo simulation. Moreover, this study evaluates the influence of some parameters
on the probability of corrosion failure. Research results show that the concrete cover thickness
X is the parameter that has the most effect on the service life of concrete structures, followed
by the concrete age coefficient m, critical chloride concentration Ccr, surface chloride
concentration Cs and diffusion coefficient Do.
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Tom tit. Hau hét cac mé hinh tinh toan tudi tho sir dung cia KCBT hién tai do xam nhap
clorua duoc tinh theo phuong phéap xac dinh, tac 1a tudi tho sir dung cua KCBT duge xac dinh
la mot gié tri duy nhat dan dén bién do sai sb 16n. Thiét ké do bén cia KCBT dua trén phuong
phap Xx&c suat c6 thé xac dinh chinh xac pham vi xac suat sy ¢ do tinh dén do phan tan cua
cac tham sb trong md hinh. Muc tiéu chinh cua nghién ciu nay la trinh bay thiét ké do bén
cua KCBT ¢ vung khi quyen bién do xam nhap clorua theo phuong phép xac xuat dua trén
mo phong Monte Carlo. Pong thoi, danh gia anh huong cua mot so tham s6 dén xac suét su
¢ an mon cdt thép. Két qua nghién ctru cho thiy tham sé chiéu day 16p bé tong bao vé x anh
hudng 16n nhit dén tudi tho sir dung cua KCBT, theo sau la hé sé tudi m, ndng do clorua téi
han Cer, ndng dd clorua bé mat va hé sé khuéch tan Do.

Tir khéa: do bén, két cdu bé tong cét thép, xam nhap clorua, md phong Monte Carlo, X4c sut
Su €6 an mon, tuoi tho sur dung.

© 2019 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE

An mon cbt thép 12 mbi de doa I16n nhat d6i voi do bén va tudi tho st dung cua céc két
ciu bé tong (KCBT) trong cac moi trudng khic nghiét [1]. Trong diéu kién binh thudng, dung
dich 13 rdng bé téng co do kiém cao hinh thanh mot mang thu dong mong trén bé mat cét thép
bao vé cbt thép khoi bi an mon. Tuy nhién, ddi voi cac KCBT tiép xdc véi méi truong bién
chua clorua, viéc xam nhap céc ion clorua vao bé tong cd thé gay khir mang dong cua cét thép
va bit dau an mon. An mon ct theép bat dau khi ndng do ion clorua trén bé mit cot thép dat
dén gia tri nguong gay dn mon. An mon do clorua nhanh chéng 1am mat tiét dién cua cét thép,
cac san pham an mon tich tyu trén giao dién bé téng-cét thép gidn ng gay pha vd bé tong va
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mat lién két v6i cbt thép 1am suy giam tudi tho cua KCBT.

Hau hét cac md hinh tinh toan tudi tho st dung cua KCBT hién tai do xam nhap clorua
dugc tinh theo phuong phap xéac dinh, tic 1a tudi tho st dung cia KCBT duoc xac dinh 13 mot
gia tri duy nhat dan dén bién d6 sai sé I6n. Vi trong mot hdn hop bé tdng co thé cé su thay doi
dang ké trong céc tinh chat cua no, hay véi cling mot KCBT, céc tinh chét cua n6 c6 thé khac
nhau dang ké tir bo phan nay sang bo phan khac hodc tham chi trong cing mot bo phan két
cu, cling co thé thay doi tir diém nay sang diém khac [2], co ‘nghia la sy phan tan trong céac
tinh cht caa vat liéu, KCBT va méi trudng khong duoc tinh dén trong phuong phap xac dinh.
Dé khic phuc han ché trén, viéc dy bao tudi tho sir dung cua KCBT c6 thé dugc phan tich
chinh xéc theo phuong phap xac suit, vi phuong phép nay c6 tinh dén sy phan tan (su khong
chac chin) cua cac tham sé va tudi tho sir dung dwoc xéac dinh trong mot pham vi xac Sut su
¢6 [3, 4, 5, 6]. Tuy nhién, viéc sir dung phuong phap xéac suit thuong gap khé khin trong viéc
thu thap dix liéu vé gi tri trung binh, do léch chuan va ham phan phdi thong ké cia cac tham
s6, vi trong thuc té dit liéu c6 san cho cac tham sb thuong bi han ché. Hon nita, phu(mg phap
nay phu thuoc rat nhiéu vao phuong phap s6 dé phan tich, tic 1a phai st dung cac phan mém
thong ké két hop cac phuong phéap phan tich do tin cay.

Hién nay phuong phap thiét ké do bén ciia KCBT dua trén xac suat da duoc mot so tac
gia nghién ctu va 4p dung [3, 4, 5, 6], tuy nhién ¢ Viét Nam cac nghién ctu vé van dé nay
van con khiém tén. Muc tiéu chinh caa nghién ctu nay Ia trinh bay thiét ké d6 bén cia KCBT
& ving khi quyén bién do xam nhap clorua theo phwong phap xac xuat dya trén mé phong
Monte Carlo. Bong thoi, danh gia anh huong cua mot so tham sé dén xac suat sy €6 an mon.

2. THIET KE PQ BEN CUA CAC KET CAU BE TONG

2.1. Phuong phap thiét ké hién tai

Trong cé4c tiéu chuan ciia Chau du nhu EN 206-1 [7], tiéu chuan cua My ACI 318 [8]
hay tiéu chuan Viét Nam TCVN 12041:2017 [9], &é dam bao KCBT du tudi tho sir dung thiét
ké, mot sb gidi han dugc dua ra dua trén cac diéu kién vat liéu va moi trudong ma KCBT tiép
xtc, gom co: ty 1é nude/xi mang (N/X) tbi da, ham lugng xi mang t6i thiéu va chiéu day lop
bé tong bao vé tdi thiéu. Muc dich ctia cac quy dinh chung nay la bao dam do bén lau cua
KCBT & cac méi truong xam thuc nhung lai khong cé qui dinh ré rang vé tudi tho sir dung.
Khi tat ca cac diéu kién vat liéu va cau tao cua KCBT thoa man céc tiéu chi qui dinh trong céc
tiéu chuén, twong (mg véi loai diéu kién méi truong ma KCBT duoc xay dung & d6 thi duoc
ngam hiéu la ching sé dap ung tudi tho str dung thiét ké qui dinh. Khong phai lac nao ciing
dung khi cho rang tudi tho str dung cia KCBT ¢6 thé dat duoc bang mot sb tiéu chi dugc xac
dinh trudc nhu vay [10]. Ngoai cac yéu cau vé céc tinh chat vat lidu, moi trudng va ciu tao
ciia KCBT, thi do phan tan cua cac tham sb can phai dugc tinh dén va danh gia cing véi cac
trang thai gidi han. Do d6, phuong phap thiét ké dua trén xac suat 1a can thiét dé xac dinh tudi
tho str dung cua cac KCBT [11, 12].

2.2. Phuwong phap thiét ké dua trén xac suat

Nguyén tic Fhié”t ké d6 bén ciing twong tu nhu thiét ké két cau, tac 1a kha nang chiu tai
(suc khang) cua ket cau (R) phai cao hon hoac bang tai trong tac dung (S) nhu sau:

R>Shayg=R-S>0 (@8]

301



Tap chi Khoa hoc Giao thong van tai, Tap 70, S6 4 (10/2019), 299-308

Trong d6 g la ham trang thai giéi han. Vi cudng do va do bén cua KCBT thay C}éi theo
thoi gian, nén ca R va S dugc xem la cac tham so phu thudc thoi gian. Khi S > R su €6 s€ xay
ra, do d6 xac suat su ¢o Ps duoc tinh nhu sau:

Pt = P[S(t) - R(t) > 0] @)

R(t) c6 thé khong doi hoac giam dan theo thoi gian, S(t) c6 thé khong doi hogc tang dan
theo thoi gian, do d6 xac suat su ¢ s€ tang dan theo thoi gian nhu trén Hinh 1 [3, 4, 5].

Thoti gian

Phan phéi .-
Rs|E-{} R0 ciia R(t) -7
Xécguét RN _,-’—’
su co Py ,:F:—
ﬂ“’ ! ..-‘h"'
) _ - -~ " |<Phan phéi
S(t) cua S(t) ' Tudi tho trung binh ™~ < _
- | 1
|
1

Tubi tho
muc tiéu

Phén phoi cua tudi tho
Hinh 1. Cac nguyén tac xdc dinh Xac sudt sw cé va tudi the six dung muc tiéu [3, 4, 5].
Trong Hinh 1, R(t) va S(t) dugc the hién dudi dang hai duong cong phan phéi theo truc
tung. O giai doan dau, hai duong cong nay tach toi nhau, nhung theo thoi gian chling xich gan
va chong |én nhau dien ra tir thoi diém t1 dén to. Su chong chéo ngay cang téng s& phan anh
xac suat sy co Pr xay ra cang I6n do su suy thoai cia KCBT. Xac suat sy ¢o phai nhé hon tri
SO Xac suat sy co muc tiéu Pmt nao do [3, 4, 5], phuong trinh (2) tr¢ thanh:
Pt = P[S(t) - R(t) > 0] <Pmt 3)
Vi gia trj ctia Ps thuong rit nho nén nguoi ta thuong biéu thi né dudi dang chi sé do tin
cay p va dugc xac dinh theo cong thac (4) [3, 4, 5]:
Pt = d(-B) (4)
Trong d6 ® 1a ham phan phéi chuan.
Xac suat sy ¢ myc tiéu Pmt trong phuong trinh (3) thuong dugc qui dinh trén co s¢ Xem
xét cdc chi phi dau tu ban dau, chi phi bao tri va swa chita. M6 hinh Fib [5] qui dinh P = 10
(B = 1,3) voi trang thai giagi han kha nang phuc vu khoi dau an mon va Pmt = 104-10% (B =
3,7-4,4) tuy theo cap do tin cay wng vai trang thai gidgi han cudi cung la sup d6 cong trinh.

3. MO HINH XAM NHAP ION CLORUA VAO BE TONG VA XAC PINH XAC SUAT
SU ' CO AN MON COT THEP

3.1. M6 hinh x&m nhap ion clorua vao bé tong

Tbc d6 tham nhap‘ ion clorua vao bé tong duoc coi la mét ham cua do séurtheo thoi gian
va dugc mo hinh hdéa bang phuong trinh (S) dya trén loi giai tir Dinh luat khuéch tan thtr hai
cua Fick trong truong hop nong do clorua ban dau Co =0, D(t) va Cs la khdng d6i nhu sau:

_ 3 X —AX
C(x,t) =Cs [1 erf(—TD(t)t D ®)
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Trong d6: C(x, t) = ndng do ion clorua & khoang cach x (mm) tinh tir bé mat bé téng sau
thoi gian tiép xGc t (nam), (% khéi luong bé tdng hoidc chat két dinh); Ax = d6 sau caa ving
d6i luu trén 16p bé tdng bao vé (mm) ma qué trinh xam nhép ion clorua khac véi dinh luat 2
cua Fick; Cs = ndng d6 clo bé mit cua bé tong (% khdi lwong bé tdng hoic chat két dinh);
D(t) = Hé s6 khuyéch tan clorua & thoi diém t, mm%/nam; erf = Ham sai sb.

Phuong trinh (5) 12 Xét cho truong hop khuéch tdn mét chiéu, tic 1a khuéch tan dién ra
trén mot bé mit caa KCBT va theo huéng vudng géc. Trong thuc té, khuéch tan clorua cé thé
dién ra theo mot chiéu (d6i véi tudng, ban) hodc hai chiéu (d6i véi cot, dam). Trong nghién
ctru ndy, xét truong hop don gian 1a khuéch tan mot chidu nén van sir dung phuong trinh (5).

Theo [4, 5, 13], hé s6 khuéch tan clorua phu thudc vao thoi gian nhu sau:
D(t) = Do(%’J (6)

Trong d6: Do = H¢ s6 khuyéch tan ion clo ¢ tudi to = 0,0767 nam (28 ngay), mm?/nam;
m = Hé so6 suy giam do khuéch tan tuy thugc thanh phan cua bé téng va loai chat két dinh.

Khi thi cong bé tong ngoai hién truong, chat lugng bé tdng s& kém hon so véi ché tao
trong phong thi nghi¢ém nén h¢ so khuech tan con phu thude dicu kién thi cong bé tong (Keo).
Néu céc tinh chat cta bé tong dugc xac dinh tr KCBT ¢ ngoai hién truong thi ke = 1,0.

Theo [4], D(t) phu thudc vao diéu kién méi trudng tiép xdc (ken) va diéu kién bao dudng

bé tong (Keu). Theo [12], trong cdng thic (6) t chi co gia tri dén thoi diém tbi da 13 25 nam, khi
t> 25 nam, hé sé khuéch tan D(t) duoc xem 13 khong doi.

Két hop cac diéu kién trén, phuong trinh (6) dugc viét lai nhu sau:

0" “cu” “en “co

D(t) = D,k_k_k (tj Khi t <25 nam @)

0" “cu” “en “co

D(t) = Dk_k_k (25) Khi t > 25 nam (8)

~ Theo TCVN 12041:2017 [14], Cs la ham phu thudc thoi gian va khoang cach tae KCBT
dén mép nudc bien. Xét truong hop khoang cach tr KCBT dén mép nudce bien trong pham vi
100 m, nong do clorua bé mat bé téng l1a ham phu thudc thoi gian nhu Bang 1.
Bdng 1. Nong dg ion clorua tai bé mat ciia KCBT o viing khi quyén trén ma muedc céch mép nieée
bién trong pham vi 100 m [9].
Thoi gian tiép xiic (nim) 10 20 30 40 50
Cs (% khéi lwgng bé tong) 0,135 0,176 0,205 0,239 0,249

Nong do clorua bé mat bé tong c6 thé dugc biéu dién theo qui luat ham mii theo thoi
gian [15, 16, 17]. Dung phuong phap hoi qui ta dugc phuong trinh nong d6 clorua bé mat theo
thoi gian (R? = 0,995) nhu sau:

Cs(t) = 0,055t%3% (% khdi lwong bé tong) 9)
3.2. X4c dinh xac suit sw ¢ in mon cét thép

Hu hong KCBT do an mon ,cét thép trong thoi han phuc vu thuong dugc chia thanh hai
giai doan, giai doan dau tién la bat dau an mon (khtir mang thu dong) cot thép, giai doan nay
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khong gy hu hong trong cac bo phan két ciu. Giai doan thir hai 12 lan truyén dn mon, khi
KCBT hu hong vuot qua mot mic do nhat dinh (thuong thé hién bang bé rong vét nat) co thé
xem két cau hay bo phan két ciu mat kha nang chiu tai [12]. Trang thai giéi han kha ning
phuc vu caa KCBT ¢6 thé 1 su ¢ bat dau an mon cét thép hozc nat 16p bé téng bao vé, trong
khi trang thai giéi han cudi ciing 1a cong trinh mét kha ning chiu tai hoic bi sup d6 [4, 5].

Déi voi cong trinh mai, ngudi ta thuong xem trang thai gi¢i han kha nang phuc vu 1a
khi cét thép bi khir mang thu dong hoic nut 16p bé tong bao vé [2, 4, 6, 12], vi sau thoi diém
nay, chi phi bao tri, sra chira ting dang ké va do an toan cua KCBT bat dau suy giam. O day,
trang thai gigi han kha nang phuc vu bt dau dn mon cdt thép duoc xem xét, tuc la khi nE‘)ng
d6 clorua tich tu ¢ bé mat cét thép C(x, t) bang hoic Ién hon ndng d6 clorua téi han gy an
mon Ccr, phuong trinh trang théi gidi han dugc viét Ia:

C(x,t)>Ccrhayg=C(x,t) = Ccr>0 (10)

Xac suat sy 6 &n mon Pr do x&m nhap clorua dua trén phuong trinh trang thai gici han
(10) duoc biéu thi nhu sau:

Ps = P[C(X, ) - Ccr> 0] (11)

Hién c6 mot sé phuong phap dé tinh xac suat cac su ¢b Pr nhu phuong phap do tin cay
bac nhat, phuong phap do tin cay bac hai hoic mé phong Monte Carlo [3, 4]. O day, sur dung
md phong Monte Carlo, tai mdi md phong cac tham sé 1a cac bién ngau nhién theo céc phan
phdi xé&c suat da duoc xac dinh va gia tri ciia ham trang thai giéi han (10) duoc tinh toan. Xac
suit sy ¢6 an mon P thu duoc tir md phong Monte Carlo dugc tinh theo cong thire (12):

P = %il[g(rj,sj)] (12)

~ Trong d6, N 1a tong s6 1an md phong va 1[g(r;, sj)] 1a ham chi thi cho biét s6 lan Iap dan
den sy co an mon P (truong hop C(x, t) > Ccr).

_ P& co dugc két qua dang tin cay, s6 Ian I3p du I6n khi thyc hign md phong Monte Carlo
la can thiét. Trong nghién ctru nay sir dung 50.000 lan lap cho tat ca cac phén tich.

4. KET QUA VA THAO LUAN

Bdng 2. Cac tham sé théng ké d@é phdn tich do bén.

Tham s6 Truong hop co sé N(u, 6) Pham vi thay doi Cv (%) Tham khao
Do (MM?/nim) N(176,60; 26,49) 176,60; 220,75 264,90 15 [18]
n N(0,23; 0,0345) 0,23; 0,2875; 0,345 15 [13]
Cer (%) N(0,075: 0,0113) 0,075; 0,09275; 0,1125 15 [9]
Cs (%) N(0,055; 0,0083).°32  0,055; 0,0688; 0,0825 15 [9]
x (mm) N(60; 9,0) 60; 75; 90 15 -
Ax (mm) 0 - - [5]
Keu 1,0 - - [4]
Ken 0,68 : : [4]
Keo 1,15 - - -
t (nim) 50 50; 100 - [9, 14]

Trong nghién cau nay, cac tham sé Do, m, Cs, Ccr va m dwoc xem la céc bién ngau
nhién cé dang phéan bo chuan N(u, o), vai [ 1a gia tri trung binh va o 1a d6 Iéch chuan, cac
tham s6 khac la hang s6. Bé danh gia d6 nhay cua cac tham so6 dén xac suat sy co an mon, gia
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tri trung binh cua chung duoc ting thém lan luot 25% va 50% S0 Véi trudng hop co s¢ nhung
hé sb bién thién (Cv) van giir khong dol va dugc gia dinh 1a 15% (d6 léch chuan bang 15%
gid tri trung binh) cho tat ca cac tham sé nhu trong Bang 2.

Do = 176,60 (Mm?/nam) véi bé tong khong sir dung phu gia khoang (PGK) vei ti ¢
nuée/xi mang (N/X) = 0,30 [18]; Xmin = 50 mm dbi véi cac KCBT ven bién [9, 14], & day
chon x = 60 mm; Ax = 0 (mm) véi viing khi quyén bién [5]; tudi tho sir dung thiét ké 1a 50 va
100 nam [9, 14]; m = 0,23 véi bé tong khong st dung PGK [13], Ccr = 0,075% (kh01 luong bé
t6ng) [9]; Keu = 1,0 Vi bao dudng KCBT 7 ngay va ken = 0,68 véi viing khi quyén bién [4].

4.1. Anh hwéng caa hé sé6 khuéch tan ion clorua Do

Anh huong cua hé sb khuéch tan Do dén xac suat sy ¢d dn mon Pr duoc thé hién trong
Hinh 2. Ta thay rang trong mot thoi gian nhat dinh, khi giir nguyén céc tham sb khac, su gia
tang cua Do dan dén gia tang Pr, diéu nay 1a do do khuéch tan cang cao thé hién viéc van
chuyén céc ion clorua vao trong bé tong cang nhanh, hé sé Do phu thudc vao chat luong cua
bé t6ng cha yéu Ia ti 16 N/X va loai chit két dinh (CKD) [4, 5, 12, 13]. Gia sit Pm¢ = 107 (B =
1,3), Hinh 2 cho thiy rang thoi gian bat ddu an mon ciia KCBT lan luot 1a khoang 31, 26 va
23 nam tuong tng véi hé sé khuéch tan Do = 176,60; 220,75 va 264,90 mm?/nam.

4.2. Anh hwéng caa chiéu day 16p bé tong bao vé x

Anh huéng cia x dén Pr duoc thé hién trong Hinh 3. Khi x ting 1én thi Pr giam xudng,
hay noi cach khéac néu Ps 1 nhu nhau thi thoi gian bit dau an mon ¢t thép tang 1én. Dé ¢ thé
bat dau dn mon, cac ion clorua bén ngoai phai dugc van chuyén tir bé mat bé tong di qua 16p
bao vé va dén cbt thép, do do, chiéu day 16p bé tdng bao vé cang 16n 1am cho ndng clorua dat
dén cbt thép & muc t6i han cang 1au va tudi tho cia KCBT cang l6n. Nhu vay chiéu day 1op
bé tong bao vé 1a mot trong nhing tham s6 quan trong nhat anh hudng dén tudi tho cua
KCBT. Néu lay P = 10 (B = 1 ,3), thoi gian bit ¢au an mon cua KCBT lan luot 1a khoang

31, 42 va 54 nam tuong tng Véi chiéu day 16p bé téng bao vé x = 60, 75 va 90 mm.
100

100
= 90 1 D =264,90 . 90 4 X = 60 mm
% 30 | mm?/nam § 80 |
= 70 ~ 70
rg 60 | E 60 | X =75 mm
_E 50 4 D =220.75 mm?/nam E 50 4
“E 40 < 401
5 30 D = 176,6 mm?/nam ; 301 X =90 mm
20 | : =1 R
(VR Ry &4 S —— 10 pmmm el e el e e e a o]
0 T T T T T T T 0 " " ¥ : " T T T T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Thai gian (nam) Thoi gian (nim)
Hinh 2. Anh huong ciia hé s khuéch tan Hinh 3. Anh huong ciia chiéu day I6p bé
ion clorua dén xac suat sw co an mon Px. t6ng bdo vé dén xac sudt si cé an mon P.

4.3. Anh hwéng cia nong d9 clorua téi han Cer

Hinh 4 cho thdy anh huéng cua Cer dén Pr twong tu nhu chiéu day 16p bé tong bao vé,
tirc 1a P giam khi Cer ting 1én. RS rang khi Cer ting 1én dan dén thoi gian dé cac ion clorua tir
bén ngoai xam nhap vao bé tong dat dén muc Cer ting 1én va do d6 Psgiam xubng. Nong do
Ccr phu thudc vao chit lugng bé tong (ty 16 N/X, loai CKD) va loai thep su dung [4, 5, 12,
19]. Néu lay Pt = 102 (B = 1,3), thoi gian bt ddu an mon cua KCBT lan luot 14 khoang 31,
37 va 45 nam tuong tng véi Cer = 0,075, 0,09275 va 0,1125%.
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4.4. Anh hwéng ciaa ndng dd clorua bé mit bé tong Cs

Anh huong cua Cs dén Ps dugc thé hién trong Hinh 5, Cs ting 1én 1am cho Ps tang Ién.
Vi Cs cang cao s& lam tang chénh 1éch nong do clorua giira bé mét va phan bén trong cua bé
tong cang Ion dan dén sy van chuyen clorua vao bé tdng cang nhanh, két qua 1a clorua dat dén
nong do Ccrdién ra nhanh hon. Nong d6 Cs phu thudc thoi gian, chat luong cua bé tong (ti ¢
N/X, loai CKD) va loai moéi truong tiép xuc [4, 5, 9, 16]. Thai gian bat dau dn mon caa KCBT

lin Iuot 1a khoang 31, 25 va 22 nam tuong (ng Véi Cso = 0,055; 0,0688 va 0,0825%.
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téi han dén xac sudt s cé dn mon Px. MGt bé tong dén xac sudt sir c6 an mon P+,

4.5. Anh hwéng cia hé sé tudi m

Anh huéng ctia m dén P duoc thé hién trong Hinh 6, m cang lon thé hién stc khéng cua
bé tong véi xam nhép clorua tir méi truong theo thoi gian cang Ion (he 30 khuéch tan ion
clorua cua bé tong theo thoi gian cang thap) dan dén Ps giam xuong (tdng tudi tho cia KCBT).
Hé s6 m phu thudc phu thudce cha yéu vao loai CKD va diéu kién mai truong tiép xtc [4, 5,
12, 13]. Thoi gian bat dau dn mon caa KCBT lan luot 1a khoang 31, 38 va 46 nam twong &ng
v6i hé sé m = 0,23; 0,2875 va 0,345.
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Hinh 6. Anh hurong ciia hé sé tudi m dén x&c sudt s ¢é an mon Pr.

4.6. Panh gia d§ nhay ciia cac tham s6 dén xac suat sw ¢6 in mon Ps

Pé danh gia anh hudng cua sy thay doi cac tham sb dén Py, ta str dung hé s6 d6 nhay Sy
xac dinh theo cbng thuc:

AP /P,

Sy=——~F—15 13
T AYIY (13)
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Trong do: Sy la do nhay cua tham s6Y; AY/Y la su thay dbi gié tri trung binh cua tham
s6 Y (%); AP#/Ps 1a sy thay do6i ciia Xac suat sy ¢6 an mon twong tng (%).

Xét & thoi diém t = 50 nim, d6 nhay cua tirng tham sé ngiu nhién duoc thé hién trong
Bang 3. Khi tang gia tri trung binh cua Do, Cs thi Pr tang 1€n, nguoc lai, khi tang gia tri trung
binh cua X, Ccr, m thi Pr giam xudng. Khi so sanh d6 nhay, tham sb anh huong 16n nhit dén
tudi tho cia KCBT la chiéu day I6p bé tong bao vé x, theo sau 1a m, Ccr, Cs, va Do. Ta thiy
rang d6 nhay cua tham s Do 1a thip nhét, trong khi cac nghién ctu [20, 21] cho thiy d6 nhay
ctia Do chi dung sau X. Su thay d6i o nhay nay c6 thé 1a do su khac nhau vé gia trj va su han
ché cua cac tham sb dau vao, trong cac nghién cau [20, 21], su suy giam hé sé khuéch tan
clorua tinh dén hét tudi tho cia KCBT, Cs doc lap vai thoi gian; trong khi trong nghién ciu
nay, su suy giam hé sé khuéch tan clorua chi tinh dén 25 nam va Cs phu thudc vao thoi gian.

Bdng 3. D6 nhay cua cac tham 6 dai Véi Xac sudt Sw ¢é an mon Pr & thoi diém t = 50 ndm.

Tham s6 AY/Y (%) AP{/Ps (%) Sy

Do 25 29,35 1,17
50 47,91 0,96

« 25 -60,23 -2,41

50 -88,14 -1,76

Co, 25 -41,79 -1,67
50 -70,55 -1,41

Ce 25 34,78 1,39
50 53,43 1,07

n 25 -45,26 -1,81

50 -75,99 -1,52

5. KET LUAN

Bai bao trinh bay mot quy trinh thiét ké do bén ciia KCBT ¢ ving khi quyén bién do xam
nhap clorua dua trén xac suat bang M6 phong Monte Carlo, c¢6 tinh dén d6 phan tan ctia cac
tham s6 va két qua duoc thé hién 1a x4c suét sy cd an mon Pr. Két qua phan tich cho thay, xac
suat s ¢ an mon Ps bi anh hudng bai nhiéu tham sb, khi ting gia tri trung binh cac tham sb
Do, Cs dan den Ps tang tai mot thoi diém nhat dinh, nguoc lai khi tang gia tri trung binh cua
cac tham sb x, Cor va m dan dén Pr giam. Tham s6 anh huong lon nhat dén xac suat su cb an
mon P 1 chiéu day 16p bé tong bao vé x, tiép dén 1a cac tham sé m, Ccr, Cs va Do.

Két qua nghién ctu ciing cho thy rang dé tang tudi tho (giam Py) cua KCBT do xam
nhap clorua can phai giam gia tri cac tham s6 Do, Ccrva tang gia tri cac tham sO Cerva m, diéu
ndy c6 nghia 13 phai ting chat luong cia bé tong bang cach giam ti 16 N/X va st dung loai
chat két dinh (cac loai phu gia khoang) phu hop. Ddng thoi khi thiét ké KCBT ¢ méi truong
xam thue, chiéu day 16p bé tong bao v€ phai dugc lya chon mét cach thoa dang.

TAI LIEU THAM KHAO

[1]. OE. Gjarv, Concrete in the oceans, Mar Sci Commun., 1 (1975) 51-74.

[2]. O.E. Gjerv, Durability Design and Construction Quality of Concrete Structures, Advances in
Concrete Construction, 1 (2013) 45-63. https://doi.org/10.1007/s13369-010-0033-5

[3]. DuraCrete: Probabilistic Methods for Durability Design, The European Union — Brite EuRam 111,
Project No. BE95-1347: Probabilistic Performance Based Durability Design of Concrete Structures,
Document RO, January 1999.

307


https://doi.org/10.1007/s13369-010-0033-5

Tap chi Khoa hoc Giao thong van tai, Tap 70, S6 4 (10/2019), 299-308

[4]. DuraCrete: General Guidelines for Durability Design and Redesign, The European Union — Brite
EuRam Il1, Project No. BE95-1347: “Probabilistic Performance Based Durability Design of Concrete
Structures”, Document R 15, February 2000.

[5]. Fib Bulletin, No.34, Model code for service life design, 2006.

[6]. ISO 13823, General Principles on the Design of Structures for Durability, International
Organization for Standardization, 2012.

[7]. EN 206-1, Concrete - Part 1: Specification, Performance, Production and Conformity, 2000.

[8]. ACI Committee 318, ACI 318 Building Code Requirements for Structural Concrete, American
Concrete Institute, Farmington Hills, Mich., 2011.

[9]. Bo Khoa hoc va Cong nghé, TCVN 12041: Két cau bé tdng va bé tdng cét thép — Yéu cau chung
vé thiét ké do bén 1au va tudi tho trong moi trudng Xxam thuc, 2017.

[10]. O.E. Gjerv, Durability of Concrete Structures and Performance-Based Quality Control,
International Conference on Performance of Construction Materials in the New Millennium, Cairo,
10s, 2003.

[11]. B. Cather and B. Marsh, Service Life of Concrete Structures - Current and Emerging
Approaches, International Seminar on the Management of Concrete Structures for Long Term
Serviceability, Sheffield, 1997, p. 21-32.

[12]. ACI Committe 365, Life-365, Service Life Prediction Model and Computer Program for
Predicting the Service Life and Life-Cycle Cost of Reinforced Concrete Exposed to Chlorides.
Version 2.2.3, September 28, 2018.

[13]. M.D.A. Thomas, M.H. Snehata, S.G. Shashiprakash, D.S. Hopkins, K. Cail, Use of Ternary
Cementitious Systems Containing Silica Fume and Fly Ash in Concrete, Cement and Concrete
Research, 29 (1999) 1207-1214. https://doi.org/10.1016/S0008-8846(99)00096-4

[14]. Bo Khoa hoc va Cong nghé, TCVN 11823: Thiét ké Cau duong b, 2017.

[15]. R.N. Swamy, H. Hamada, J.C. Laiw, A critical evaluation of chloride penetration into concrete in
marine environment” in “Corrosion and Corrosion Protection of Steel in Concrete”, Proceedings of an
International Conference, University of Sheffield, England, 404-419, 1994,

[16]. A. Costa, J. Appleton, Chloride penetration into concrete in marine environment - Part (2):
Prediction of long term chloride penetration, Materials and Structures, 32 (1999) 354-359.

[17]. Hb Van Quan, Nguyén Vin Tuoi, Pham Thai Uyét, Tran Thé Truyén, Thuc nghiém phan tich sy
thay d6i ndng d6 clo bé mat céc cong trinh bé tong cét thép theo thoi gian ¢ méi trudng bién, Tap chi
GTVT, 1+2 (2016) 91-94.

[18]. H6 Van Quan, Pham Duy Hitu, Nguyén Thanh Sang, Cai thién do chéng tham ion clo va kéo dai
tudi tho két cau bé tdng & méi truong bién bang cach sir dung két hop muoi silic va tro bay, Tap chi
GTVT, 12 (2015) 81-84.

[19]. P.S. Mangat, B.T. Molloy, Prediction of Long-Term Chloride Concentration in Concrete,
Materials and Structures, 27 (1994) 338-346. https://doi.org/10.1007/BF02473426

[20]. O. Sengul, Probabilistic Design for the Durability of Reinforced Concrete Structural Elements
Exposed to Chloride Containing Environments, Teknik Dergi, 22 (2011) 5409-5423.

[21]. R. Muigai, P. Moyo, M. Alexander, Durability design of reinforced concrete structures: a
comparison of the use of durability indexes in the deemed-to-satisfy approach and the full probabilistic
approach, Materials and Structures, 45 (2012) 1233-1244. https://doi.org/10.1617/s11527-012-9829-y

308


https://doi.org/10.1016/S0008-8846(99)00096-4
https://doi.org/10.1007/BF02473426
https://www.researchgate.net/scientific-contributions/2001599682_Ozkan_Sengul
https://doi.org/10.1617/s11527-012-9829-y

