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Bai bao nay trinh bay viéc tinh toan sitc khang udn theo
thoi gian ctia dam bé tong cdt thép ung suat trudc tiét dien chix T
thong qua viéc sir dung mot mé hinh xac suat méi duoc thiét lap.
Su ngau nhién cua cac thdng sé dau vao cua md hinh dugc xem
xét vai gia dinh phan phdi chuan. Kha ning chiu lyc caa dam bé
tong cot thép ng suat trude duoc nghién ciu théng qua vi du 6
su dung ky thuat md phong Monte Carlo. Két qua cho thay mo
hinh dé xut co du do tin cy dé xac dinh sic khang momen udn
theo thoi gian ciia dam bé tong ¢t thép ang suat trude tiét dién
chr T.

ABSTRACT

This article evaluates the calculation of bending resistance
to time of a prestressed precast concrete T-beam using a newly
built simple probabilistic model. Random input parameters of the
model were considered with the assumption of normal
distributions. The Monte Carlo simulation technique is used with
the presented numerical procedure to investigate the capacity of
the prestressed precast T-beam. The results show that the
proposed model is a credible evaluation of the calculation of the
bending moment resistance of prestressed precast concrete T-
beam.

1. Giei thi¢u

Y tuong vé tng suat truge (UST) hinh thanh tir nhu cAu ngdn ngtra sy phét trién vét nut
trong giai doan dau cua qua trinh chiju tai trong (Nawy, 2009). Ngay nay, két ciu bé tdng cot
thép (BTCT) UST duogc st dung rong rai trong linh vuc xay dung. Do vay, cac phuong phap
thiét ké két cAu BTCT UST nhén duoc sy quan tdm dic biét cua nhidu nha nghién cau. Xu
hudng hién nay 1a viéc sir dung cac md hinh phi tuyén nang cao trong thiét ké loai két cau nay
(Kralik & Klabnik, 2016), (Sucharda, Bilek, Smirakova, Kubosek, & Cajka, 2017). Cac tiéu
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chuan thiét ké hién tai da tich hop ca phuong phap tién dinh va phuong phap xac suat (European
Standard, 2004), (Matthews, Vliet, Walraven, Mancini, & Dieteren, 2016), trong d6 phuong
phap tién dinh thudng duoc sir dung nhiéu hon do tinh don gian cua né. Tuy nhién, cac thong
s6 lién quan dén stc khang udn cua két cAu BTCT UST déu bién ddi theo thoi gian. Cho nén,
viéc ap dung cac phuong phap thiét ké dwa trén xac suat cho két cau BTCT UST rat pho bién
trong nhimg nam gan day (Marek, Brozzetti, Gustar, & Tikalsky, 2003), (Melchers, 1999),
(Stewart & Rosowsky, 1998).

Stic khang uén ciaa dam BTCT UST ciing da dugc nghién ciru méi day boi Le T. D. va
cong su trong (Le, Konecny, & Mateckova, 2018), vai muc dich phuc vu cho viéc thiét ké cac
mau thi nghiém dam BTCT UST tiét dién chir nhat. Mot trong nhitng két luan caa nghién ctu
(Le et al., 2018) la ngay ca dam BTCT UST tiét dién hinh chi nhat sir dung bé téng tinh ning
cao (Aitcin, 1998) ciing khong tan dung dwoc hét kha nang ciia vat liéu bé tong. Nghién ciu
trong (Le et al., 2018) dd dé nghi rang nén sir dung cac dam BTCT tiét dién chit | hoac chit T
dé tan dung triét dé kha niang cia bé tong tinh ning cao.

Stic khang ubn ciia dam BTCT UST c6 tiét dién chit T ciing da duoc quan tdm va nghién
ctru nhiéu, thé hién qua cac bai bao da dang tai & nhiéu ky trén Tap chi PCI (Vién Bé tong ung
suat trugc) (Seguirant, Brice, & Khaleghi, 2005). Cac nghién ctiu nay da phan tich ¢ng xtr dam
BTCT UST bang phuong phap bién dang twong hop.

Muc dich truée tién cua nghién ctu nay la thiét 1lap mot mé hinh xac suat cho ang xu
khang uén caa dam don gian BTCT UST co tiét dién chix T. Trong d6, ang xir phu thudc thoi
gian cua cudng do chiu nén va mo dun dan hoi caa bé tong s& dugc xem xét. Tinh chat ngiu
nhién caa cac thdng sé dau vao cua md hinh s& duoc ké dén théng qua viéc sir dung ky thuat
md phong Monte Carlo (Anderson, 1999). Ham mat do xac suat cia cudng do chiu nén, mo
dun dan hoi cua bé tdng va vi tri caia cap UST trong dam duoc gia dinh 6 phan bé chuan. Hién
tuong chung Gng suat ciing duoc xem xét. Sau d6, mot chwong trinh tinh toan bang ngdn ngi
Matlab (www.mathworks.com) duoc bién soan dua trén mé hinh da thiét 1ap dé tinh toan sirc
khang uén caa dam BTCT UST dang xem Xét.

2. Sw bién ddi theo thoi gian cha cac dic trung vat ligu BTCT

Ung xtr cua dam BTCT UST thuong bi chi phéi bai 2 dic trung vat lidu quan trong la
mo dun dan hoi va cuong do chiu nén cia bé tong. Thong thuong, d6 16n cia 2 dic trung nay
dugc xac dinh theo (European Standard, 2004). Tuy nhién, dua vao s liéu thi nghiém cia mot
mau BTCT duc sin co cap do bén C50/60 theo Eurocode, (Le et al., 2018) di dung duong hoi
quy dé xap xi cac dudng cong cia 2 dic trung nay. Két qua I3, sy phu thudc thoi gian caa md
dun dan hdi va cuong do chiu nén cuia mau BTCT trén duoc biéu dién qua 4 cdng thic sau:

Eeep(t) = 43067 In(t) + 23.537 (1)

feey1(t) = 12.845In(t) + 33.627 2)

Ec,cyl(t) =u (Ec,cyl(t)) + COV(EC,cube(28))- u (Ec,cyl(t)) (3)
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foe(® = 1 (feen®) + cov(fecube(28)). 1 (feepn(B)) (4)
Trong do:
E. . (t): md dun dan hoi (GPa) cia mau BTCT thi nghiém & ngay th t;
fe.cyi(£): cuong d6 chiu nén (MPa) cua mau BTCT thi nghiém & ngay thur t;
u (Ec,cyl(t)) : gia tri trung binh cia mé dun dan héi cua mau hinh tru ¢ ngay t;
u (fc,cyl(t)) . gi4 tri trung binh cua cudng d6 nén cia mau hinh tru & ngay t;

cov(E¢cupe(28)) : hé s6 bién d6i cua md dun dan hdi cia mau lap phuong khi t = 28
ngay;
cov(f; cube(28)) : hé s6 bién doi ctia cuong do chiu nén ciia mau 1ap phuong khi t = 28
ngay.

Ciing can luu ¥ 1a cong thic (3) va (4) c6 xét dén dic tinh thdng ké cia cac ham mat do
X4C SUAL.

3. Mb hinh xac suét cho &ng xir khang uén cia ddm BTCT UST tiét dién chix T
~ Trong pham vi nghién ctu nay, anh husng cia cdt thép thong thudng dbi vai sic khang
uon cua tiet dién dam khong duoc xét den.
Néu chiéu cao vang nén 16n hon bé day ban canh, mdmen udn cuc han (Mu) cua tiét
dién chir T va cap UST cua dam duoc xac dinh:
M, = F.(d — 0.4x) + F.,(d — 0.5h) (5)
Trong do:
Fe1: luc nén (kN) trong bé tng do phan ban bung, F,; = 0.8/ cy1bwx;
Fe2: luc nén (kN) trong bé téng do phan ban canh, F,, = 0.8f;,cy1(b — by)hy,
d: chiéu cao hitu hiéu (m) cua tiét dién dam dang xét;

X chiéu cao vung nén (m), duoc tinh theo phuong phap bién dang gidi han (twong hop
vé bién dang), bang céng thic sau:

FSp_FCZ

" 0.8f¢cyibw )
Trong do:

bw: bé day (m) ban bung dam chix T;

b: bé rong (m) ban canh dam chix T;

h: bé day (m) ban canh dam chix T;

fc.cyi: cuong d6 nén hinh tru (kPa) cua bé tong;
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Fep: tong luc UST (KN) trong tat ca cac 16p cap sau khi mat mat do chung tng suat, duoc
xac dinh bai:
Fsp = X Ny ApOpse )
Trong do:
Nxi: s cap theo phwong ngang trong 16p thir i
Ap:  dién tich tiét dién ngang (m?) caa cap UST;

Opst © (g SUAt trudc (KPa) sau mat mat do chung tng sut, duoc tinh nhu sau:

Opst = Opmax néu t<72 gio (8a)
Opst = Opmax X 0.85 néu 72 gio <t < 500,000 gid (8b)
Opst = Opmax X 0.7225 néu t > 500,000 gio (8c)

Vi pmax 13 tng suét trude (kPa) 16n nhét trong cap.

Néu chiéu cao viing nén nho hon bé day ban canh, tiét dién ang xir nhu 1a tiét dién chi
nhat. Do ¢6, mémen udn cyc han (My) caa tiét dién duoc tinh theo cong thic:

M, = F.(d — 0.4x) 9)
Trong do:
Fc: luc ném (kN) trong bé tong, calculated as, F. = 0.8f, .y, bx;
. i A | . . Fyp
X: chiéu cao vung nén (m), x = XTI

Nhu d3 d& cap ¢ phan trén, ki thuat md phong Monte Carlo duoc st dung dé co dugc
cac két qua s6 théng qua qué trinh tao mau. K thuat nay bao gom 3 budc chinh: tao mau, chay
md hinh va phan tich dit liéu. Theo (Fegan & Gustar, 2003), su phan bd cua cac bién ngau nhién
c6 thé duoc biéu dién theo cong thire (10) sau day. Néu xét dén su phu thudc thoi gian ciia cac
bién ngau nhién thi cong thie (10) duoc viét lai thanh cong thie (11).

N(u,0) =u+0xN(0,1) (10)
N(u,o,t) = u(t) + o(t) x N(0,1) (11)
Trong do:
U: gia tri trung binh;
g dd léch chuan:

N(0,1):  cac s6 ngau nhién cia phan phdi chuan dugc chuan hoa;

N(u, o): cac sb ngiu nhién tao ra tir phan phdi chuan;

N(u, o,t): phan phéi chuian phu thudc thoi gian tao ra tir phan phdi chuan chuan hoéa tai
thoi gian t;

u(t): gia tri trung binh phu thugc thoi gian tai t;

a(b): d6 léch chuan phu thudc thoi gian tai t.
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4. Swrc khang udn caa dam BTCT UST tiét dién chix T

Dua trén md hinh xac suat don gian da thiét 1ap ¢ phan 3, mot chuong trinh tinh toan
stc khang ubn cua dam BTCT UST tiét dién chix T da dwoc viét bang ngon ngir Matlab. Chuong
trinh nay sau d6 dugc dung dé tinh toan suc khang uén caa dam don gian BTCT UST tiét dién chi
T c6 bé rong canh la 1.0m va chiéu cao 0.61m nhu minh hoa trén Hinh 1.

L b= 1000 J
I |
h¢
Truc trung hoa
h =610
12 soi cap
—® © e @
st s s Des
~=_° ° _°1 loos
bw

Hinh 1. Minh hoa mat ct tiét dién ngang cua dam dang xét

Chiéu dai cua dam la 7m. Cap UST & phan trén cua tiét dién va cot thép thong thuong
khong dugc xem xét trong vi du nay. Co 3 lop cap UST & phan dudi tiét dién, mdi 16p gom 4
soi cap véi dién tich tiét dién ngang mdi soi 1a Ap = 150 x 10%m?. Khoang cach theo phuong
dung gitra 2 16p cap la 0.05m. Gia st 16p bé tdng bao vé day 0.08m.

D¢ danh gi4 do tin cdy ciia mo hinh da thiét 1ap, vi du tinh toan trong phan nay s& duoc
giai bai ca 2 phuong phap: tién dinh va xac suat.

Ngoai ra, chuyén vi thang dung tai tiét dién giita dam ciing duoc khao sat theo ca hai
phuong phap da néu.

4.1. Loi gidi tién dinh

Cac kich thudc hinh hoc khac cua tiét dién 1a: hr= 0.21m, bw = 0.34m, d = 0.57m (chiéu cao
hitu hiéu cua tiét dién). Tir d6, ta xac dinh duoc dién tich tiét dién ngang A = 0.3460m? va mé men
quan tinh cua tiét dién 1 = 0.0103m*,

Céc thong sb cua vat liéu BTCT: = 239Okg/m3, Ec = 26.522kPa, fc.cyl = 42.531kPa.

Céc thong sb cita vét liéu cap UST: oo = 1687x10° kPa, sigma_pmax = 1400 x 10°kPa.

Bién dang Ion nhat tai tho nén ¢ trang thai gidi han vé cuong do (BS8110 va Eurocode 2),
cu=0.0035.

Bién dang giéi han cua thép & trang thai giéi han cuc han (Eurocode 4), ud = 0.02.
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Két qua tinh toan sirc khang udn cua tiét dién dam tai 3 thoi diém khac nhau duoc thé
hién trong Bang 1.
Bang 1

.....

Strc khang uén cua tiét dién theo 10i giai tién dinh

t<72gio | 72 gitr <t < 500.000 gior | t > 500.000 gior
Thoi diém (t = 2 ngay) (t =14 ngay) (t = 28 ngay)

Strc khang udng, My (KNm) 1361.7 1187.0 1190.9

Ngudn: Két qua phan tich dit liéu caa nhém nghién ctu

4.2. Loi gidi xdc sudt

Cac thong sé dau vao cho bai toan xac suat dugc tong hop trong Bang 2. Phuong trinh
(10) duoc sir dung dé xay dung cac biéu d6 tan sé cho mé dun dan hdi va cuong do nén cua bé
téng ciing nhu chiéu cao hitu hiéu cua tiét dién dang xét.

Strc khang udn cuc han cua tiét dién dam duoc tinh theo cdng thirc (5) hoic (9) tuy vao
chiéu cao viing nén nhu di trinh bay & phan 3. Do bo qua anh huéng caa cét thép thong thudng
nén stc khang ubn cua tiét dién chi do su dong gop boi bé tong va cap UST. Két qua cua 1oi
giai xac suat duoc trinh bay & Bang 3 véi ca gia tri trung binh va cac gia tri can bién 5% va
95%. Biéu d6 phan phdi mémen ubn cuc han cua tiét dién khi bé tong dat 28 ngay tudi duoc
thé hién trén Hinh 2. Biéu d nay cho thay mémen udn cuc han cua tiét dién dam BTCT UST
tiét dién chir T c6 phan phdi tuong ty phan phdi chuan.

Tir Bang 2 va Bang 3, ta thay ring gia tri sic khang udn cuc han trung binh cua 10i giai
X4C Suat va gia tri sic khang ubn cuc han cua 10i giai tién dinh tai cac méc thoi gian 2, 14 va
28 ngay déu gan nhu bang nhau. Pidu d6 chung té rang mé hinh don gian da thiét lap c6 da do
tin cay dé ap dung vao viéc phan tich tng xtr udn cua dam BTCT UST tiét dién chix T.

Dé thiy rd hon sy bién doi cua sic khang mémen ubn cua dam BTCT UST theo thoi
gian, két qua cua 101 giai tién dinh va xac suat dugc thé hién tryc quan trén Hinh 3.
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Hinh 2. Phan phéi sirc khang mdmen uén cua tiét dién dam khi bé téng
dat 28 ngay tudi, Mu (kNm)

1210 1220 1230 1240

Bang 2
Cac thdng sb dau vao cho bai toan xac suat
A% Ky Gia tri Hésé | Cong thirc chuyén
Thong so higu | trungbinh | bién déi dbi

Mb dun dan hdi cia b8 tong | Eeeyi(t)|  Een(t) 0.0388 u (Ec,cyl(t)) +
(kPa) 0.0388xN(0,1)
Cuong do nén cua bé téng Foent(®) Fom(®) 0.0388 1l ( fc,cyl(t)) +
(kPa) 0.0388xN(0,1)
Chiéu cao hitu hiéu cua tiét d 0.57 0.0096 d=0.57+
dién dam (m) 0.005xN(0,1)
Bé day ban bung (m) bw 0.34 - -
Bé day ban canh (m) ht 0.21 - -
Nhip dam (m) I 6.85 - -
Bé rong ban canh (m) b 1.0 - -
Chiéu cao tiét dien dam (m) h 0.61 - -
Bé day l6p bé tdng bao vé (m) c 0.08 - -

Ngudn: Két qua phan tich dit liéu caa nhém nghién ciu
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Bang 3
Stic khang udn cua tiét dién theo 101 giai xac suit

X oL Sirc khang udn cuc han caa tiét dién dam (KNm)
Tuoi caa bé tong ——
(ngay) Muos Muso Mugs Gia tri trung
(5%) (50%) (95%) | binh
2 1340.4 1361.4 1382.5 1361.4
14 1169.4 1186.9 1204.4 1186.9
28 1173.2 1190.8 1208.5 1190.8

Ngudn: Két qua phan tich dit liéu caa nhém nghién ciu

Hinh 3 cho thay stc khang uén cua tiét dién dam giam nhanh ¢ 2 tuan dau tién sau khi
d6 bé tong trude khi ting cham tra lai tir tuan tha 3. Xu hudng giam ¢ 2 tuan dau tién nay rd
rang la trai nguoc vai két qua nghién ciu trong (Le et al., 2018). Sy trai nguoc ngay la do sy
mét mat do chung ang suat da khong duoc xét dén trong nghién ctu (Le et al., 2018). Bén canh
do6, chiing ta ciing c6 thé quan sat rd tir Hinh 3 rang sy bién ddi cua stc khang udn cua tiét dién
dam la khong dang ké, chi tang/giam trong khoang 1.5%.

1400
A

1300

1200 -

Moémen khang udn (kNm)

1100 T T T T T T T T T T T T 1

Tudi bé tong (ngay)
--<0---Mu05 —@— Mu50 == 4= Mu95 —— Mu-tién dinh

Hinh 3. Stc khang udn cua tiét dién dam BTCT UST theo thoi gian

Két qua tinh toan chuyén vi thing ding tai tiét dién giira dam theo 2 phuong phap duoc
téng hop va so sanh nhu trinh bay trong Bang 4. Co thé thiy rd tir Bang 4 rang chuyén vj thiang
dang tai vi tri gitra dam theo 10 giai tién dinh lubn 16n hon gia trj Ién nhat cua chuyén vi thang
dung tai vi tri gitta dim md phong theo phuwong phap Xac suat & ca ba thoi diém khao sat. Tuy
nhién, sy khac nhau vé cac gia tri chuyén vi thiang dung giita dim tinh toan theo hai phuong
phap 1a kha nho. Didu nay cung cb thém do tin cdy cua mo hinh xac suat xay dung trong nghién
ctru nay. Ciing co thé nhan thay tir Bang 4 rang chuyén vi thang dung tai tiét dién gitra dam xac
dinh theo ca hai phuong phap déu nam trong giGi han cho phép (2cm = 1/350 chiéu dai dam)
theo quy pham hién hanh.
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Bang 4

.....

Chuyén vi thang dung gitra dim theo 1o giai x4c suét va 1o giai tién dinh

Tubi ciia bé tong Chuyér‘l vi _thﬁn’g dl’r?g (m) tai mat cit ngang giira dam
(ngay) Lot gial xac suat Lo giai tidn dinh
(gia tri lén nhat) ’
2 0.017 0.019
14 0.011 0.014
28 0.010 0.013
Ngudn: Két qua phan tich dit liéu caa nhém nghién ctu
5. Két luan

Mot md hinh xac suit co ban cho ung xir khang uén cua dam don gian BTCT UST co
tiét dién chir T da duoc thiét 1ap trén co s& xem xét tinh chat ngau nhién cua cac thdng sb dau
vao nhu dic trung vat liéu va vi tri cap UST trong tiét dién. Phan b Gaussian duoc ap dung
cho ham mat do xac suat ciia cac bién ngau nhién dau vao va ki thuat md phong Monte Carlo
duogc st dung trong qua trinh mé phong. M6 hinh nay sau d6 da duoc dung dé tinh toan sic
khang ubn cua tiét dién chir T va chuyén vi thang dtng tai tiét dién gitra dam cua dam BTCT
UST co ké dén hién tugng chung tng suat. Cac két qua tinh toan da duoc so sanh véi 1oi giai
tién dinh. Nghién ciu cho thdy rang mé hinh xac suat co ban di thiét 1ap du tin cay dé dung
cho viéc phan tich tng xir khang uén cua dam don gian BTCT UST. Nghién ctu nay cé thé
tiép tuc phat trién véi viéc xét dén anh huong caa cét thép thong thuong va cap UST & phan
phia trén cua tiét dién ciing nhu vét nit trong dam.

Tai liéu tham khao
Aitcin, P. C. (1998). High performance concrete. London, UK: Taylor & Francis.

Anderson, E. C. (1999). Monte Carlo methods and importance sampling. Retrieved January
10, 2019, from https://www.coursehero.com/file/20910780/MC-lecture-notes/

European Standard. (2004). Eurocode 2: Design of concrete structures - Part 1-1: General
rules and rules for buildings. Retrieved January 11, 2019, from
https://www.phd.eng.br/wp-content/uploads/2015/12/en.1992.1.1.2004.pdf

Fegan, G., & Gustar, M. (2003). Monte Carlo simulation. In P. Marek, J. Brozzetti, M. Gustar,
& P. Tikalsky (Eds.), Probabilistic assessment of structures using Monte Carlo
simulation - Background, exercises and software, TeReCo (2nd ed.), (pp. 25-79). Praha,
Czech Republic: Institute of Theoretical and Applied Mechanics, Academy of Sciences
of Czech Republic.

Kralik, J., & Klabnik, M. (2016). Nonlinear analysis of the failure of nuclear hermetic
reinforced concrete structure due to extreme pressure and temperature. Transactions of
the VSB - Technical University of Ostrava Civil Engineering Series, 16(2), Article 17.


https://www.coursehero.com/file/20910780/MC-lecture-notes/

Lé Dlc Tuan. Tap chi Khoa hoc Pai hoc MJ Thanh pho Hé Chi Minh, 14(1), 48-57 57

Le, T. D., Konecny, P., & Mateckova, P. (2018). Time dependent variation of carrying capacity
of prestressed precast beam. IOP Conference Series: Earth and Environmental Science,
143(2018), Article 012013.d0i:10.1088/1755-1315/143/1/012013.

Marek, P., Brozzetti, J., Gustar, M., & Tikalsky, P. (2003). Probabilistic assessment of
structures using Monte Carlo simulation - Background, exercises and software, TeReCo
(2nd ed.). Praha, Czech Republic: Institute of Theoretical and Applied Mechanics,
Academy of Sciences of Czech Republic.

MatLab. (n.d.). The language of technical computing MathWorks. Retrieved January 12, 2019,
from http://www.mathworks.com

Matthews, S., Vliet, A. B., Walraven, J., Mancini, G., & Dieteren, G. (2016). Fib model code
2020 - A new development in structural codes: Towards a general code for both new and
existing concrete structures. In H. Beushausen (Ed.), Proceedings fib Symposium,
performance-based approaches for concrete structures (pp. 22-31). Cape Town, South
Africa: Wiley.

Melchers, R. (1999). Structural reliability analysis and prediction (Civil engineering). West
Sussex, UK: Wiley.

Nawy, E. G. (2009). Prestressed concrete - A fundamental approach (5th ed.). Upper Saddle
River, NJ: Prentice Hall.

Seguirant, S. J., Brice, R., & Khaleghi, B. (2005). Flexural strength of reinforced and
prestressed concrete T-beams. PCI Journal, 50(1), 44-73.

Stewart, M. G., & Rosowsky, D. V. (1998). Time-dependent reliability of deteriorating
reinforced concrete bridge decks. Structural Safety, 20(1), 91-109.

Sucharda, O., Bilek, V., Smirakova, M., Kubosek, J., & Cajka, R. (2017). Comparative
evaluation of mechanical properties of fibre-reinforced concrete and approach to
modelling of bearing capacity ground slab. Periodica Polytechnica Civil Engineering,
61(4), 972-986.


http://www.mathworks.com/

