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Investigation of damage mechanism and resistance reduction due to
rebar corrosion in concrete structures using experiment and simulation
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TOM TAT

Bai bao stt dung phwong phap trwong pha xét téi huw hdng mat phan gidi va dinh ludt ma
sat d€ nghién ctru sy pha hoai cia didm bé téng c6t thép (BTCT) bi dn mon. Bai bao c6 mot
s6 diém mai sau: (i) Phwong phap trwong pha phat trién trong bai toan ba chiéu (3D); (ii)
diam BTCT chira bé tdng khdng vo ngao (CS0) hodc 60% vo ngao thay cho cat (CS60) va cot
thép D10 hodc D14; (iii) ddm BTCT dworc thi nghiém in mon trong 0, 10, 25 ngay; (iv) cac
dam (iii) dwoc udn dé xac dinh hw hong, strc chiu tai phu thudc va thoi gian ngdm, dwong
kinh cét thép va ty 1é vo ngao; (v) phwong phap (i) s dung cic tham sd vat liéu va cwong
d6 dinh bam tir thwe nghiém dé tién hanh mé phong. Sw so sanh giita thwe nghiém (iv) va
md phong (v) di chitng minh phwong phiap mé phong c6 thé giai quyét tét van dé dit ra.
Cac két qua chi ra rang bé téong CS60 c6 thé dap ing cho viéc ché tao dam BTCT trong diéu
kién dn mon.
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ABSTRACT

This paper uses the phase-field method, taking into account the interfacial damage
combined with the law of friction, to study the fracture of reinforced concrete (RC) beams
subjected to corrosion. This paper contributes several new aspects as follows: (i) The
phase-field method is developed for a three-dimensional (3D) problem; (ii) The RC beams
contain either concrete without clam-shell (CSO) or 60% clam-shell replacing sand (CS60),
and smooth rebars with diameters D10 or D14; (iii) These RC beams undergo accelerated
corrosion testing for 0, 10, and 25 days; (iv) The beams (iii) are subjected to four-point
bending tests to determine the damage, depending on the immersion time, the rebar
diameter, and the replacement ratio of clam-shell; (v) The method (i) uses material
parameters and the bond strength from the experiment to conduct the simulation. The
comparison between experiment (iv) and simulation (v) has demonstrated the superiority
of this proposed simulation method in addressing the presented problems. These results
show that CS60 concrete can adapt well to the production of RC beams under corrosion
conditions.
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Vii Ba Thanh

Nghién cttu co ché hw héng va sw suy gidm strc chiu tdi do dn mon c6t thép trong két cdu bé tong...

1. Gi&i thiéu

Nhitng ndm gan diy cé nhiéu nghién ctru
tim nguon vat liéu thay thé da dam hoic cat
tw nhién trong san xuit bé tong dé gidm
thiéu khai thac nguén tai nguyén thién
nhién gitp bdo vé mdi trwong. Mot ngudn
nguyén liéu sdn c6 va phd bién & Viét Nam
c6 thé dap ng dwoc nhu ciu nay la cac vo
dong vat nhuyén thé nhw vé hau, ngao, dc,
so diép b&i ham lwong canxi oxit (Ca0O) cao
[1], [2]. V& &ng dung vé nhuyén thé, cac
nghién ctru [1], [2], [3] va [4] da chi ra kha
nang thay thé cot liéu truyén thong trong bé
téng bang cac loai vd nhuyén thé trén v&i
nhirng ty 1é thay thé khac nhau, cé thé phu
hop cho mot s6 két ciu, dac biét trong &ng
dung cho mat dwong thim nuwéc. Nghién
ctru [3] da chitng minh tinh kha thi cta viéc
st dung vd so diép nghién, qua dd, nghién
ciru [4] cho thdy thay thé vd so cho cat
khong lam thay d6i nhiéu dic tinh bé tong
khi & mot ty 1€ phu hop.

Viét Nam v&i dwong bo bién dai va nhiéu
hai dao, do d6, cac két cdu BTCT & nhitng
khu vuc nay thwong dé bi hu hong do diéu
kién an mon béi sy xam nhap cda ion clorua
hodc hién twong carbonat héa dan téi cot
thép dé bi gi Iam bong 16p bé tdong bao vé va
gidm strc chiu tai cia két ciu. Lién quan tdi
van dé an mon da c6 nhiéu nghién ciu tir
thwc nghiém [5], [6], m6 phdng [7], phwong
phép phin t& hitu han [8] dé nghién ciru co
ché hu hong két ciu bé téng do dn mon cot
thép. Gan day, trong cac nghién ctru [1], [9]
va [10] da st dung thi nghiém an mon tang
toc dé tao co ché an mon dap wng tot diéu
kién dan mon thuwc té€ dua trén co ché dién
héa. Trong dd, nghién ctiru [9] di tién hanh
thi nghiém an mon dadm chiu tai trwéc dé
xac dinh t6c dd an mon phu thudc vao mirc
do gia tai. Nghién ctru [1] da thi nghiém an
mon cac két cau BTCT chira bé tong vo ngao
va xac dinh sw lan truyén vét nitt do an mon
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cOt thép trén mit cat ngang cla cac két ciu
nay. Nghién ctru [10] da ché tao cdc mau thi
nghiém kéo tuot chira bé tong vé ngao véi
nhitng dwong kinh cot thép khac nhau, sau
d6, thi nghiém dn mon cac mau va xac dinh
ng xr cwong do dinh bam - do trwot clua
cac mau phu thudc dwong kinh c6t thép, loai
bé tong va thoi gian ngdm mau. So véi cac
phwong phdp mé phdong theo phan ti hiru
han (FEM, XFEM) [11], [12], m6 hinh vung
dinh két (CZM) [13] d€ du dodn hw hdng két
ciu, thi phwong phap trweong pha ching to
la m6t phwong phap mo6 phéong manh dwoc
str dung rong rai trong thap ky qua. Phwong
phap trwong pha cé thé md phong hw hong
rat chinh xac cho cac loai vat liéu dong nhat,
di hwéng, da pha vat liéu, bé tong rong [14],
[15], [16]. Trong thoi gian vira qua, phwong
phap trueong pha cé xét t&éi anh huwdng mat
phén gi¢i két hop dinh luidt ma sat dé mo
phdéng co ché dinh bdm trong thi nghiém
kéo tudt dwoc ng dung va cho két qua rat
tot khi so sanh v&i thwc nghiém [17]. Ké
thira cac nghién ciru trwéc diy vé phwong
phap thi nghiém an mon tang toc va phwong
phap trwong pha [1], [9], [10], nghién ctru
nay mé rong phwong phap trwong pha cé
xét t&i hw hong mat phan gi¢i va dinh luat
ma sat [17] trong bai toan khdéng gian ba
chiéu (3D) [18] dé nghién ctu co ché hw
hong va su suy gidm strc chiu tai do an mon
c6t thép trong dim bé tdng vo ngao. Bai bao
trinh bay cac buéc thyc hién sau:

(i) Ché tao cdc ddm BTCT chira bé tong
thong thwong khong c6 vé ngao (CS0) va bé
tong chira 60% vo ngao (nghién c& hat tir 1
mm dén 4.75 mm) thay thé cat (CS60) véi
hai loai thép tron tron duwong kinh 10 mm
(D10) va 14 mm (D14), cAp phdi hai loai bé
tong nay dwoc stt dung trong [1];

(ii) Tién hanh thi nghiém dn mon tang téc
cAc mau dim nay bang viéc ngdm trong
dung dich NaCl 3% v&i dong dién 300
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uA/cm? trong thoi gian 0, 10 va 25 ngay thwc nghiém & buwdc (iii) dé chirng minh
(quy trinh thi nghiém xem trong [1], [9]); tinh hitu dung ctia phwong phap moé phéng
dé xudt trong viéc xac dinh hw hong va sic

(iii) Thuwc nghiém udén dam bén diém dé e A
chiu tai chia dam BTCT bi an mon.

xac dinh hw hong va sitrc chiu tai cac dam
BTCT theo thoi gian ngdm mau trong (ii); 2. Phwong phap trwong pha cho hw hong
két cau bé tong cot thép bi an mon cot

(iv) Dung phwong phap truwong pha [17] )
thép

dwoc phat trién trong bai toan 3D [18] v&i
cac tham s6 vat liéu dwgc 1ay tir thi nghiém Trong nghién ctu [17], da s& dung
trong [1] va tham s6 cudng do dinh bam - phwong phap treong pha d€ moé phong hu
do truwot tir thi nghiém kéo tudt [10] d€ xac  hong cho két cdu BTCT trong thi nghiém kéo
dinh strc chiu tai va hw héng cia ddm BTCT  tudt. Khi d6, tong ndng lwong ton tai trong
v6 ngao bi an mon; két cdu dwgc biéu thi boi cac thanh phin

(v) Cac két qua dat dwoc tir mé phong nhu sau:

treong pha tai buéce (iv) dwoc so sanh véi

11(e.p) = [ 9p)¥ydVy + [ VoV, + G [ V(. VRIAV, + G [ vp.VRIAV, + G [V VPIV, (1
Ve Ve Dy Vee Vi

Trong d(,): p(x) = [Np]{pl} = [Nl NZ N3 N4 N5 NB N7 N8]

Tong thé tich két ciu BTCT bao gom {p,p, 0, D, Ds P, D, D, }

V=V, 4V, +V, v6i V,

ct’

Vi, V) 1a thé tich cla Gradient ctia bién p(x):
phan cot thép, bé tong va mat phin gidi, N oN oN

twong wng (xem tai [17]); Vp(x)= [Bp]{pi} = [; E E}

g(p) 12 ham suy bién bac hai kha vi cla {p, b, P, P, P. P P, .}
1 2 3 4 5 6 7 8

bién trwong pha p [15], [16]; Vi [Np] va [Bp] l1a ma trin ham dang va
¢ 1a tensor bién dang; W,,va ¥, 1a hai ma trdn vi phan ham dang cia p(X);

ham nang lwgong bién dang trong khu vuc bé  b,... by 1a gia tri bién trwong pha tai tdm nut

tong va cot thép; phan tir. Twong tu, vector chuyén vi u(x)
2

y[p,Vp)=gl+é(Vprp) I3 ham mat dé

nang lwgng bién dang;

dwoc xac dinh:
u(x)=[N]{u}=[N,00N,00..N, 00 ]

-1
X .y .z X .y .z
. a1 uuu...uuu}
| 13 tham s6 chiéu dai; {1 1 Uy Ug Ug Ug

G”, G" va G' 1a ning lwong khang nirt V6i [N] 12 ma tran ham dang cta vector

cia bé tdng, c6t thép va mat phan gidi, wu(x)va u' u’ u’ la gia tri vector chuyén vi
twong tng. tai nut thi i theo cac phwong x, y, z ciia phin

Trong nghién ctru hién tai, phwong phap tl [18]. Hinh 1a [17] mo t4 dam BTCT &n mon
treomg pha dwoc phat trién trong bai toan  chiu uén. Khi d6, cwong do dinh bam z gitra
ba chiéu (3D) nhw [18]. Trong khung FEM  bé tong va c6t thép anh hwéng nhiéu dén sirc
ctia bai toan 3D vé6i phin tir 1ap phuwong tim  chiu tai cia dam. Theo [17] va [19], cac giai
nut, bién trudng pha: doan cua rng xt dinh bam gitra bé tong va cot
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thép dwoc moé ta nhw Hinh 1b va hé phwong
trinh (2):

Tprax (ij khi s <s,
S
T=9T khis,<s<s, (2)
Ty (T - ro)(s?zj khis>s,

Trong d6, T =0 : P, la cwong do dinh bam
gitra bé tong va cot thép, véi P =n®m; n
va m la vector phdp tuyén va vector tiép
tuyén tai mat phan gi¢i I''; tng suit trong
két cdu 0=C:€ voi C la tensor dd cirng
dan hoi; 7, 1a cwong d6 dinh bam lén

nhit; 7, lamasatdw [17], [19].

S

b)

-
—

S

Hinh 1. (a) Lwc dinh bdm trong ddm bé téng c6t thép dn mon chiu udn; (b) Cac giai doan cia &ng xt
dinh bam gitra bé tdng va cot thép].

3. Thwc nghiém va phan tich két qua
thwc nghiém

Muc dich cta bai bdo nay la phan tich va
so sanh két qua thuwc nghiém, mé phong
bang phuong phap trwong pha (Phan 2) cho
hw hong va strc chiu tai cia ddm BTCT bi an
mon. DAm BTCT ché tao véi kich thwéc nhw
Hinh 2 véi (i) st dung hai loai cip phdi bé
tong v&i bé tong khong cé vo ngao (CSO) va
loai bé tong c6 ty 1é vo ngao nghién tir c&
hat 1 mm dén 4.75 mm thay cho cat tw
nhién 60% (CS60); (ii) ddm BTCT dwoc ché
tao tir CSO hodc CS60 va chra hai thanh cot
thép D10 hodc D14. Cap phdi va dic trung
vat liéu bé tong CSO va CS60 dwoc mo ta chi
tiét trong nghién cttru [1]. D€ xac dinh anh
hwéng clia mic an mon cot thép, duwong
kinh c6t thép va ty 1& vo ngao thay thé tdi
ng xtt cwong do dinh bam - do trwot,
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nghién ctru [10] da tién hanh thi nghiém an
mon ting téc bang viéc ngdm cac mau BTCT
kéo tudt chira cot thép D10, D14 va bé téng
€S0, CS60. Cac mau BTCT nay c6 kich thwéc
150 x 150 x 150 mm dwoc ngam vao dung
dich NaCl 3% véi mat dé dong dién la 300
pA/cm? trong thoi gian 0, 10 va 25 ngay.
Két qua thwc nghiém ctia dwong cong cwong
d6 dinh bam - do trwot trén c6 thé thiét 1ap
cac giai doan cua trng xr dinh bam gitra bé
tong va cot thép nhw Hinh 1b. Tac gia tién
hanh thi nghiém in mon ting t6c cdc miu
dim nhw Hinh 2 trong thoi gian 0, 10 va 25
ngay dé dat dwoc mirc d6 an mon twong tw
nhw mau kéo tudt ctia [10] (Hinh 3). T d6,
stv dung tham s6 vat liéu trong [1] va cac
dwong cong ng Xt cwedng do dinh bam - do
treot twong &ng cda [10] d€ lam tham so
dau vao cho phwong phap md phdng trong
Phéan 2.
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a)
8
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Hinh 2. D4m bé téng c6t thép CSO va CS60 chira
(a) Hai thanh D10; (b) Hai thanh D14;
(c)H anh cac mau dam.

Hinh 3. Thi nghiém dn mon ting t8c cdc mau dam:
(a) Thiét 14p thi nghiém; (b) Cac ddm bé tong
c6t thép sau an mon.

Cac miu dam BTCT dwoc thi nghiém uén
bdn diém & ba trang thai chwa bi an mon va

an mon & ngay thir 10 va ngay thi 25 (xem
Hinh 4). Két qua thi nghiém xac dinh anh
hwdng cua strc chiu tadi ddm BTCT theo ty 1€
vO ngao thay thé va ty 1é an mon cot thép.
Cac ddm dwoc danh sd hiéu theo loai bé
tong, dwong kinh c6t thép, va s6 ngay ngdm
nhuw sau:

(i) Loai ddm véi bé tong CSO, cot thép
D10, ngam 0, 10, 25 ngay, ky hiéu CS0-D10-
ON, CS0-D10-10N, CS0-D10-25N;

(ii) Loai dam vé&i bé tong CSO, cot thép
D14, ngam 0, 10, 25 ngay, ky hiéu CS0-D14-
ON, CS0-D14-10N, CS0-D14-25N;

(iii) Loai dam v&i bé tdong CS60, cbt thép
D10, ngdm 0, 10, 25 ngay, ky hiéu CS60-
D10-0N, CS60-D10-10N, CS60-D10-25N;

(iv) Loai ddm véi bé tong CS60, cot thép
D14, ngdm 0, 10, 25 ngay, ky hiéu CS60-
D14-0N, CS60-D14-10N, CS60-D14-25N.

a)

p| 200 |p

100

Hinh 4. Thi nghiém u6n bén diém cic ddm bé téng
c6t thép: (a) Thiét 1ap thi nghiém;
(b) Tién hanh thi nghiém.

4. Vi du m6 phong

Cac vi du m6 phéng nhidm thuc hién viéc
so sanh két qua giita thwc nghiém va mo
phéng trwong pha cho ddm BTCT dwoc ché
tao tir bé tong vo ngao, dwong kinh cét thép
va ty 1& dn mon khac nhau. Cac tham so vat
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liéu phuc vu m6 phéng bao gom module dan
hoi cua thép va bé tongE,, E,,; hé so
Poisson ctia thép va bé tong, v, v,, ; cwong

A . 7 o 7 \ A A [
dd chiu kéo cua theép va bé tong, f,, f,;

cwong do chiu nén cta bé téng, f,; nang

lwong khang cta thép, bé tong va mat phan
giéi, G*,G*,G, . Trong mod phoéng dit
G =0.5xG" va G =5xG* [17], cac tham
s6 vat liéu thé hién trong Bang 1 va Bang 2.
Cac tham sé nay dwoc str dung tir cac két
qua trong cac nghién ctru [1] va [10].

Bang 1. Cac tham s6 vat liéu dau vao clia bé tong, cdt thép va mit phan giGi ciia bé tong CSO.

CS0-D10 CS0-D14 <
Bé tong Mat
Ky hiéu SO ON 10N 25N ON 10N 25N phan
gidoi

0% 6.85%

18.91% 0% 7.08% 22.87%

E (MPa) 31625.83 210000 210000

L 0.192 0.3 0.3
G (N/mm) 0.052 0.26 0.26
C
f, (MPa) 6.744 240 240
Do truot — 0.0313  0.0189
S, =S, (mm)
Tnax (MPa) - 3.57 2.24
7, (MPa) — 3.00 1.099
| (mm) 3.82 3.82 3.82

210000 210000 210000 210000 31625.83

0.3 0.3 0.3 0.3 0.192
0.26 0.26 0.26 0.26 0.026
240 240 240 240 6.744
0.02 0.027 0.046 0.041 —
1.14 3.97 2.38 1.31 —

0.804 2.979 1.413 0.646 —

3.82 3.82 3.82 3.82 3.82

Bang 2. Cac tham s6 vat liéu diu vao cia bé t

ong, cOt thép va mat phan gi¢i cia bé tdng CS60.

€S60-D10 CS60-D14 Miit

Bé t6 -
Ky hiéu ctong ON 10N 25N ON 10N 25N phan
CS60 gioi

0% 6.85%

18.91% 0% 7.08% 22.87%

E (MPa) 27784.12 210000 210000

v 0.201 0.3 0.3
G, (N/mm) 0.042 0.21 0.21
C
ft (MPa) 5.877 240 240
bo truot — 0.059 0.0147
S, =S, (mm)
Tpnax (MPa) — 3.49 2.08
7, (MPa) — 2.849 1.215
| (mm) 3.55 3.55 3.55

210000 210000 210000 210000 27784.12

0.3 0.3 0.3 0.3 0.201
0.21 0.21 0.21 0.21 0.021
240 240 240 240 5.877

0.011 0.028 0.057 0.042 —

1.05 3.73 2.18 1.28 —

0.642 2.988 1.256 0.782 —

3.55 3.55 3.55 3.55 3.55
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Trong phwong phdp trwong pha, dim
BTCT c6 kich thudc 500 x 100 x 100 mm
dworc chia thanh 300 x 60 x 60 phan tk lap
phwong déu nhw Hinh 5. Trong d6, mau
xanh 14 va mau dé biéu thi phan bé téng va
c6t thép twong ing.

Kich thwéc lwéi phan tir h = 1.67 mm dé
dadm bdo 1>2h [20]. Diéu kién bién cua
phwong phdp mod phdng dwoc quy dinh dé
mé6 phong ddm chiu u6én dwoc mo ta trong
Hinh 4a:

(i) Cac ndit mat day dam cach dau dam
bén trai 50 mm cé phwong x va phwong z c6
dinh, phwong y chuyén dich tw do;

(ii) Cac nat mat day ddm cach dau dam
bén phadi 50 mm c6 phwong z c6 dinh,
phwong x va phwong y chuyén dich tw do;

(iii) Cac nat mat trén ddm cach hai dau
dam 150 mm dwoc ap chuyén vi khong doi
Au=-0.005 mm.

Cac tham s6 md phéng twong rng dwoc
1y tir Bang 1 va Bang 2 cho bé téng doi
chirng CSO va bé téng vé ngao CS60. Trong
phwong phap thwc nghiém dé uén dam bén
diém nhw mb ta trong Hinh 4a, 4p chuyén vi
tai diém dit lwc voi téc do gia tai 0.04 um/s
t&i khi két cau dam bi hw hong hoan toan.

Hinh 6 so sanh gitra thuc nghiém va mo
phéng vé dwong niet doi véi ddm chwa an
mon twong rng véi miu dam CS0-D10-ON
va CS0-D14-0N. C6 thé nhan thiy rang, hai
phuwong phap vét nitrt déu phat trién thang
ding & vi tri gitra dam, tir ddy dam lén mat
trén dam. Hinh 7 so sanh gittra thwc nghiém
va mo phong vé dwong nit doi véi dam bi
an mon ngam trong 10 ngay va 25 ngay,
twong rng v&éi mau dam CS0-D10-10N, CSO-
D10-25N, va CS0-D14-10N, CS0-D14-25N.
Hai phwong phap vét nit cling phat trién
chéo xuat phat tlr goi ciu tdi diém dat luc
cho hai loai ddm d3 bi an mon, méc du, thoi
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gian ngdm va mrc do an mon khac nhau. Tw
Hinh 6 va Hinh 7, hinh thai vét nit khac
nhau ré rét cho thiy anh hwéng rat 16n tir
rng xtr dinh bdm cua cot thép va bé téng
trong ddm bi an mon c6t thép va chwa bi dn
mon. Sy khac nhau ciua duwdng nitt nay sé
gdy anh hwdng 16n téi st chiu tai cia dam
bé tdng cot thép.

Hinh 8a va Hinh 8b so sanh dwong cong
rng x& tai trong - chuyén vi gitta hai
phwong phap thwc nghiém va mo6 phong
theo mrc dd an mon cna cac loai dam CSO-
D10 va CS0-D14 twong rng. Cac duwdng cong
ng x& gitta hai phwong phap twong tw
nhau. P6i véi hai loai dAm chira c6t thép
D10 va D14, strc chiu tai gidm dan theo mirc
do an mon hay thoi gian ngdm miu nhw
Bang 3, qua d6, doi v&i bé tong CSO, mirc do
suy giam strc chiu tai Pmax cia dam chia c6t
thép D14 nhanh hon so v&i ddm chia cot
thép D10 trong cung thoi gian ngam. biéu
nay xay ra c6 thé do mic d6 an mon cét
thép cua loai D14 nhanh hon D10, b&i dién
tich tiép xtc cia D14 véi moi treong an
mon lén hon so véi D10 [10]. Hinh 9a va
Hinh 9b so sanh (rng x1¥ tai trong - chuyén vi
gilta hai phwong phap theo thoi gian ngdm
mau cla cdc ddm CS60-D10 va CS60-D14
twong wng. P6i véi cdc dam BTCT loai nay,
dwong cong rng x gitra hai phwong phap la
twong tw. Hai ddm chtra cot thép D10 va
D14, sttc chiu tai gidm dan theo thoi gian
ngim mau nhw Bang 4.

y

py

X

Hinh 5. Phin chia lw6i dam bé tong cot thé véi mau
xanh va mau do biéu thi cho bé téng va cét thép.
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Hinh 6. Hwdng phét trién vét nit ciia dAm chiu udn chwa dn mon: (a) Thwc nghiém; (b) M6 phong.

a) b)

Hinh 7. Hwéng phat trién vét nirt ctia ddm chiu uén bi &n mon: (a) Thwc nghiém; (b) M6 phong.
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Hinh 8.So sdnh dudng cong (ng xi tai trong - chuyén vi gitra thuc nghiém va mé phong theo mirc do6 an mon:
(a) DAm CS0-D10; (b) Dam CS0-D14.
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Hinh 9.So sdnh dudng cong &ng xi tai trong - chuyén vi gitra thuc nghiém va mé phong theo mirc d6 an mon:
(a) Dam CS60-D10; (b) DAm CS60-D14.
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Hinh 10. So sanh dwdng cong tai trong - chuyén vi theo mirc dd &n mon gitra dim chira cot thép D10 va D14
theo thwc nghiém: (a) Bé tong CSO; (b) Bé tong CS60.

Bang 3. Sy suy gidm sic chiu tai Pmax theo thoi gian ngdm ctia mau CS0-D10 va CS0-D14.

Mau CS0-D10 CS0-D14
Thoi gian ngdm (ngay) 0 10 25 0 10 25
Tai trong Pmax (kN) 23.94 19.19 13.12 29.88 23.17 13.68
Gidm Prmax (%) 19.84 45.19 22.45 54.21
Bang 4. Sy suy giam stc chiu tai Pmax theo thoi gian ngdm cia mau CS60-D10 va CS60-D14.
Mau CS60-D10 CS60-D14
Thoi gian ngam (ngay) 0 10 25 0 10 25
Tai trong Pmax (KN) 21.38 17.18 11.92 26.73 20.60 12.48
Gidm Prax (%) 19.64 44.25 22.93 53.31
Bang 5. Sw suy gidm sirc chiu tai Pmax theo thoi gian ngdm clia mau dam bé tdng €S0, CS60
chira c6t thép D10, D14.
Mau CS60 CSo
Thoi gian ngam (ngay) 0 10 25 0 10 25
Pmax (D14) 26.73 20.60 12.48 29.88 23.17 13.68
Pmax (D10) 21.38 17.18 11.92 23.94 19.19 13.12
Gidm Prmax (%) 20.01 16.60 4.49 19.88 17.17 4.09

boi voi bé tong CS60, mirc do suy giam
tai trong Pmax cia dam chivra D14 nhanh hon
véi dAm chra D10, nhw nhin xét cua bé
tong CSO (Bang 3 va Bang 4). Mirc do suy
gidm twong &ng Pmax v&i bé tdng CS60 gan
giong voi bé téong CSO twong ng voi s6
ngay ngdm nhw nhau. Piéu nay cho thiy, bé
tong CS60 dap &ng cho két ciu BTCT dwoc
stt dung trong moi trrdng an mon véi thoi
gian ngdm mau trong phong thi nghiém nhw
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mo ta clia nghién ctru nay. Pé xem xét c6 thé
ap dung dwoc thuwc té€ loai bé tong CS60
trong moi tredng dn mon, can phai ché tao
mau va thi nghiém thuc té€ trong thoi gian
lau hon. Hinh 10 so sanh dwdng cong tai
trong - chuyén vi theo mirc d6 dn mon gitra
dam chira cot thép D10 va D14 theo thuc
nghiém cda loai bé téng CSO va CS60. Két
qua so sanh dwoc thé hién trong Bang 5. T
Hinh 5 thiy rang, strc chiu tai chia dAm chira
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cac loai bé tong €S0, CS60 v&i cot thép D14
déu c6 strc chiu tai Ion hon so véi ddm chira
c6t thép D10 theo mirc do an mon twong
trng. Nhung sy chénh léch cua strc chiu tai
gitra cac dam chia hai loai c6t thép nay theo
thoi gian gidm dan. Nghia 1a véi ddm khong
ngam, chénh léch stc chiu tai cia ddm D14
va D10 1én nhat, sau khi ngdm & ngay thir
25 thi chénh léch sc chiu tai cia ddm D14
va D10 kha nhé. Diéu nay cho thiy c6t thép
D14 4n mon nhiéu hon so véi D10 & cung
thoi gian ngam, va lam cho cwong do dinh
bam gitra cot thép va bé tong ctia ddm D14
suy gidm nhanh hon so véi ddm D10, dap
rng nhu két qua xac dinh T tai Bang 1 va
Bang 2.

5. Két luan

Nghién ctu thi€t lap phwong phap
trweong pha trong bai todn 3D xét dén anh
hwéng ctia strc dinh bam gitra bé tong va cot
thép theo m&c d6 dn mon cia ddm BTCT
chira bé tong CSO, CS60 va cot thép D10,
D14. Cac két qua dat dwoc tir thye nghiém
va mo phdng trwedng pha, tac gia rut ra mot
s6 két luan sau:

Cac tham s6 dau vao cua phwong phap
tredng pha trong xac dinh hw hong va mirc
dd suy gidm strc chiu tdi cia ddm BTCT bi an
mon c6 thé dwoc dung tir két qua thuc
nghiém kéo tudt vdi cung thoi gian ngam va
diéu kién thi nghiém an mon tiang toc. Két
qua thuc nghiém va mé phdéng trwdong pha
la twong tw, twong &ng véi cac loai ddm
BTCT dwoc mé ta khi so sanh vé sw phat
trién vét nit va dwong cong ng xi tai
trong - chuyén vi. DPiéu nay cho théy,
phwong phap mo phdéng dap rng tot véi thi
nghiém uén ddm BTCT bi an mon.

Do6i véi dam chira bé tong CSO va CS60 thi
mirc do an mon c6t thép D14 nhanh hon
D10 din dén sy suy gidm strc chiu tai Pmax
cida ddm D14 nhanh hon so véi didm chira
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D10. biéu nay giai thich do 1&p gi bi an mon
cda ddam D14 16n hon D10 nén cwong do
dinh bam gitra c6t thép va bé téng ctia dam
D14 gidm nhanh hon so véi D10 khi cung
thoi gian va diéu kién dn mon.

Khi xét cung loai cot thép D10 hodc D14
thi mirc d6 suy gidm strc chiu tai twong &ng
véi thoi gian ngdm gan giong nhau gitra bé
tong CSO va CS60. biéu nay chirng to loai bé
tong vo ngao CS60 dap &ng tot dé€ ché tao
dam BTCT trong diéu kién an mon véi diéu
kién thi nghiém ngdm 1a 25 ngay. D€ xem
xét loai bé tong nay co6 thé dp dung thwc té
trong diéu kién dn mon, cin ché tao két cau
BTCT cia CS60 dat & moi treong ven bién
lau hon dé theo doi diéu kién thuwc té. Doi
v&i bé tong CSO va CS60, sw chénh 1éch sirc
chiu tdi Pmax déu gidm dan theo thoi gian
ngdm twong wng gitta ddm chra D14 va
D10. Khi ngdm 25 ngay thi sw chénh léch
gitra hai loai ddm D14 va D10 kha nhé.

Tt cac két qua so sanh gitra thwc nghiém
va phwong phap treong pha trong bai toan
3D cho thdy phwong phap mo phdong dé xuit
la phwong phap pht hgp dé€ moé phong hw
héng trong ddm BTCT bi an mon. Phwong
phdp mé phoéng nay c6 thé dw doan kha
chinh xac vé sw phat trién vét nirt va dwong
cong rng x& vat liéu khi biét cac thong so
dau vao dat dwoc tir cac thi nghiém twong
trng. Nghién cru nay chi tip trung vao dam
BTCT chira hai thanh c6t thép doc chd, do
dé, trong nghién ctru ti€p theo sé mod phong
dam BTCT bi an mon c¢6 xét t&i nhiéu thanh
c6t thép doc va cac cot dai cling nhw chiu tac
dung cda t6 hop nhiéu loai tai trong.

Tuyén bd khong xung dot lgri ich va cam
két ban quyén

Tac gid tuyén b6 vé sw khong xuat hién
nhirng xung dot tiém an tir nghién ciu nay,
va cam két bai bao chwa tirng dwoc cong bd
trudc day.
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