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TOM TAT

Cau dan thép 1a két cau duoc sir dung phd bién trong cac cong
trinh giao thong duong bd va duong sit. Cau dan co két ciu
don gian, kha nang chiu lyc 16n, hiéu qua kinh té cao. Su an
toan cua cau dan thép phu thudc rat nhiéu vao diéu kién 6n
dinh cua h¢ thanh bién phia trén, dic biét 1a khi xem xét cac
yéu t6 ngau nhién. Véi muc dich danh gia d6 tin cay hé thanh
bién phia trén cta cau dan thép theo cac diéu kién 6n dinh, mot
mo hinh x4c dinh tir diéu kién an toan vé 6n dinh cua thanh
bién canh trén di dugc xay dyng. Sau d6, mo hinh ngau nhién
dugc xay dung dua trén mo hinh x4c dinh véi cac yéu td dau
vao ngau nhién nhu kich thudc hinh hoc va tinh chét vat liéu.
XA4c suit an toan (d0 tin cay) cua hé thanh bién phia trén dugc
thue hién bang phuong phéap lay mau Hypercube Latin va md
phong Monte Carlo. Két qua phan tich xac sudt an toan cho
thiy phuong phap lay mau Hypercube Latin va md phong
Monte Carlo c6 dd chinh xac cao va tiét kiém tai nguyén may
tinh so v&i phuong phap Monte Carlo 1dy mau truyén thong.
Tir khéa: Do tin cdy; ldy mau Hypercube Latin; md phong
Monte Carlo; cau dan thép; 6n dinh thanh canh.

1. Giai thiéu

Phan tich d6 tin cay cta két cau 1a qué trinh dénh gia, du
doan va dinh luong kha ning cuia mot hé thong két cau dé
duy tri tinh an toan, 6n dinh va hoat dong hiéu qua trong
thoi gian dai dudi cac diéu kién khac nhau [1]. Hién nay,
cac ky thuat phan tich do tin cay phd bién gém phuong
phap bac nhit (First-order probability method-FORM),
bac hai (Second-order probability method-SORM), d6
phuc tap (Subset simulation method), danh gia theo thoi
gian khi bién ngau nhién lién tuc (Time-dependent
reliability analysis), va phuong phap mé phéng Monte
Carlo (MCS). Céc nghién ctru vé phan tich do tin cay két
cau sir dung cac phuong phap trén da dugc thyuc hién khéa
day du [2-6].
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Cau dan thép thanh ho va cau dan thép néi chung 1a chu dé duoc nhiéu nha nghién ciru vé
két cau thép, dac biét 1a trong linh vuc ki thuat xay dung va k¥ thuat ciu dudng quan tam
nghién ciru. Cac nghién ciu nay thuong tap trung vao cac mé hinh tinh toén, thiét ké, va
danh gia hiéu suat cua cau dan thép thanh ho [7-9].

Hon ntra Vé‘i dic thu cua két cdu thép thu’c‘mg co cuc‘rng d6 cao va d6 manh 16n, vi
véy nghién ctru vé 6n dinh va do tin cay 1a hét stc can thiét. Nam 2017, Cheng va cong su
da str dung phuong phap t6i wu hoa dua trén do tin cay dé t6i uu hoa trong lu’(mg clia cau

vom gian thép chiu cac rang budc vé xac sudt (xac suit hu hong tong thé cua két cau) va
cac rang budc xac dinh (ing suit va d6 vong) [10]. Trong khi d6, danh gia d6 tin cdy moi
ctia cau kién thép bang phuong phap tudi tho ing suit xac suit ciing di dugc cong bd trong
[11]. Phan tich d¢ tin cdy v6i muyc tiéu cho trude cua tru cau lién quan dén trang thai gidi
han hién tuong cuc doan ctia dong dat duoc M. Safari va cong su cong bd trong [12]. Nhin
chung cac nghién ctru nay cung cp cai nhin sau rong vé viéc danh gia va cai thién do tin
cay cua cau thép, tir viéc t6i wu hoa thiét ké dén viéc xac dinh ké hoach bao tri va danh gia
d6 bén trong cac diéu kién tai trong khac nhau. Tuy nhién, theo hiéu biét cia cac tac gia,
viéc két hop phuong phap Latin Hypercube sampling (LHS) va MCS dé danh gia do tin
cdy cua gia tri lyc t6i han hé thanh bién chiu nén cua cau dan thép chua duoc nghién ciru
day du.

Muc ti€u cta bai b4do ndy danh gia xac suét tin cdy cua gid tri luc t61 han h¢ thanh
bién chiu nén ctia cau dan thép xem xét cac tham sé dau vao 1 ngau nhién rdi rac bang ky
thuat két hop LHS va MCS. Xac sudt tin cay cua gia tri lyc t61 han h¢ thanh bién chiu nén
ctia cau dan thép s& duogc so sanh v6i phuong phap MCS truyén thong vé do chinh xéac va
tiét kiém tai nguyén mdy tinh.

2. On dinh hé thanh bién trén chiu nén trong cau dan hé

2.1. M6 hinh tinh toan

Céu dan thép ho trong nghién ctru nay 13 loai ciu dan duoc thé hién trén Hinh 1.
Mo hinh tinh toan 6n dinh hé thanh bién chiu nén da duoc dé xuét trong [13]. Trong do,
hé thanh bién trén chiu nén dugc xem xét nhu mot dam lién tuc voi géi tua dan hoi nhu
thé hién trén Hinh 2.

Hinh 1: M6 hinh cau dan thép
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Hinh 2: M6 hinh tinh todn hé thanh bién trén chiu nén cau dan thép thanh ho
Cuong d6 caa luc nén phan b dugc xac dinh theo biéu thirc sau day.
4@ =11 -22)
Hé sé nén () mo phong quy ddi duge xéac dinh theo biéu thic (2) sau day.
Ry
F=3

Trong d6, d 1a chiéu dai ciia dét dan, R, phan lyc dtmg khi mat dan chuyén vi theo
phuong ngang bang luc don vi, c6 thé xac dinh R, theo biéu thire (3).

1)

)

1
Ry == 3
=3 ©
Néu xét dén hién twong udn doc biéu thire xac dinh & nhu sau:
Roh3 Ro(h + ¢)?b
o 3E1 (1 - 50— ) 2EI, ()
1 Peuler

. 2 X 1eR , ,
Trong d6, P 1a lyc nén 16n nhat trong thanh dtng, Pgyier = Z—:le 14 biéu thirc xac
dinh luc nén cta Euler. Thay biéu thic (4) vao biéu thire (3) va duoc viét lai nhu sau:

1
Ro = h3 (h+ )b’ c

3, (1 P )+ 2ET, ®)

1 PEuler
Phuong trinh duong dan hoi cua thanh khi mat 6n dinh c6 dang:
knz
y = Z a,sin— (6)
k=1
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Ap dung dinh luat bao toan nang lugng, phuong trinh xac dinh luc té1 han ¢6 dang:
oT =6V @)
Trong do

EI [t L m*El
oV = —f (y'"2dz + E.f (y)?dz = Z k*aZ + —Z
412 k= 1
sp = 90 kzn L Z Z km(m + kz)
B 2 ak k=1 m= lakam k2)2

T diéu k1¢n tdn tai nghlcm ta c6 cong thurc xac dinh lyc té1 han nhu sau:

qolL T2El
pre 4 Jpre .ULZ ( )
Trong do, u 1a h¢ so6 dugc xéac dinh theo biéu thirc (9) nhu sau:
9)

) bé xéc dinh gia tri lyc téi han trong biéu thirc (8) mot chuong trinh Matlab da duoc
thiet 1ap va kiém ching su chinh x&c cua chuong trinh & muc tiép theo.

2.2. Kiém chitng chwong trinh tinh todn

Dé kiém ching su chinh xac ciia chwong trinh Matlab da dwoc thiét 1ap, nghién ciu
tién hanh kiém ching lai két qua tinh toén gia trj luc t6i han cua hé thanh bién trén chiu
nén caa cau dan thép thanh hg da duoc cong b trong [13], véi cac thong sé dau vao sau
day: M6 dun dan hoi cua thép 1am cdu E = 1.96e10 N/cm?, nhip cau L = 33.5m, hé sb
nén mo phéng f = 1.36 N/cm?, md men quan tinh cta thanh bién trén chiu nén I =
6580 cm*. Két qua thu dugc tir chuong trinh Matlab da duoc thiét lap dugc so sanh véi
két qua cong b trong [13] nhur thé hién trong Bang 1. Két qua chi ra rang, su sai l¢éch gitra
két qua cong b va chuong trinh Matlab 14 0,15%, c6 thé két luan 13 chuong trinh Matlab
du tin cay vé két qua tinh toan.

Bang 1: Gia trj kiém ching gid tri luc t6i han cua thanh bién trén chju nén

Gia tri lyc tGi han (Npre)
Chuong trinh Matlab (kN) Két qua trong [13] (kN) Sai 6 (%)
1.506 1.500 0,15

3. Hu héng két cau, d¢ tin cay va phwong phap mé phong Monte Carlo
Xét mot hé két cau, xac suat hu hong trong mét thoi gian ¢ dinh dugc xac dinh
theo moi quan hé sau:

pr=Prob{G(XX) =R —S < 0} = f F(X)dX (10)
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Trong d6, Py 1a Xac suat pha hoai, R 1a kha nang cua két cau (trong nghién ciru nay
chinh 1a gia tri luc téi han (Npy.), S 13 hiéu tng tac dong ctia ngoai luc 18n két cau, X =
[X®, X5 1a cac véc to ngau nhién. Phan bl cua xac suat hu hong p, 1a xac suét an toan va
duoc xac dinh p, = 1 — py.

M0 phong Monte Carlo tuong ung véi viéc tinh toan §6 nguyén trong phuong trinh
(10). Tuan theo luat s6 lon, cbng cu uwdce tinh Monte Carlo vé xac suat pha hong duoc xac
dinh nhu sau:

N
_ 1 _(fX)/GX) véi G(X) <0
fr ‘N;I(Xi) KXo _{0 véi G(X) >0 D

Trong d6, f£(X) 1a ham phan phdi xac suat, G(X) 13 ham lay mau quan trong.

4. X&c sut tin cay caa hé thanh bién trén chiu nén trong cau dan hé

Xét cau dan thép thanh ho nhu trén Hinh (1-2), cac tham s6 dau vao bao gom gia
tri va quy luat phan bo xac suat cho ¢ Bang 2.

Bang 2: Gia tri va quy ludt phan bé xac sudt cua cac bién dau vao

Ky Gia tri Pj léch chuan | Phan phoi

hiéu | trung binh [14] Xac suat
Mo dun dan hoi cua thép E 201 Gpa 10,05 Gpa Chuan
Nhip cua cau L 20m 392,5 kg/m?® Chuén
Hé sb quy doi B 0,5 m? 3,84e-3 m? Chuan
Puong kinh 16n thanh canh* | D 0,2m 1,5275e-06 m* Chuan
Puong kinh nho thanh canh* | d 0,15m 0,09 m Chuan

* Thanh bién trén chju nén 1a éng thép
4.1. Pidu kign an toan
Sy an toan cua cau dan thép phu thudc rat nhiéu vao diéu kién 6n dinh cua hé thanh
bién phia trén. Vi vay trong nghién ctru nay dieu kién an toan cta dam cau thép thanh dan
ho chinh la x&c suat tin cay cua thanh canh trén chiu nén. Biéu kién an toan duogc xac dinh
theo biéu thac sau.

Npre < NCR (12)

Trong do, Ny, la gia tri tinh toan cua lyuc toi han, Neg la gia tri luc toi han cho
phép dugc xac dinh tir cac tham sé dau vao cia két cau.

4.2. M hinh tdt dinh

MG hinh tat dinh cua gié tri lyc t6i han thanh canh trén chiu nén cua cau dan thép
thanh ho dugc xay dung bang cdch st dung cac tham so6 dau vao tat dinh bao gom
E,LB,D,d. Gia tri cua luc ,t(yi han thanh canh trén chiu nén dugc xac dinh theo (8). Mo
hinh tat dinh c6 thé duoc viét dudi dang mot ham nhu sau:

Npre(EiLi,BrDid) SNC'R (13)
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Probability

Probability

Probability

Probability

Probability
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4.3. M6 hinh ngdu nhién

M6 hinh ngau nhién duoc phét trién dua trén mé hinh tat dinh khi xem xét cac tham
so dau vao bao gom E, L, B, D, d la cac tham s6 ngau nhién (w). M0 hinh ngau nhién tinh
toan gia tri luc tai han thanh canh trén chiu nén cua cau dthép thanh hé dugc viét nhur sau:

Npre (E(wg), L(w,), B(@g), D(wp), d(wg)) < Neg

trong d6 (w;) 12 bién ngau nhién.

(14)

4.4. Lay mdu Hypercube Latin te cac bién ngdu nhién dau vao

Thyc hién LHS tur cac bién dau vao ngau nhién, trong truong hop cua nghién ctru
nay cac mau Hypercube Latin dugc lay tir cac bién ngau nhién chuan. Cac mau ngau nhién
chuan duoc bién ddi nghich dao, tir 6 thay dbi ty 1 cAc mau binh thudng thanh cac tham
sb bién. Viéc chuyén ddi cac bién dugc thuc hién trén nén Matlab va dugc thé hién trén
Hinh 3.

Input Parameter Distribution (E(X1))

<
N

o
T

16 1.7 18 19 2 21 22 23 24
E(X1) x10™
Input Parameter Distribution (L(X2))

L(X2)

Input Parameter Distribution (beta(X3))

044 046 048 05 052 054 056 0.58
Beta(X(3))
Input Parameter Distribution (D(X4))

0.42

0.19 0.2 0.22 0.23 0.24

D(X(4))

0.17 0.18 0.21

Input Parameter Distribution (d(X5))

0.15
d(X5)

0.16

0.13 0.14 0.17

- «10M Latin Hypercube Sampling (E(X1))
°
e
o]
s

0 200 400 600 800 1000
Simulation
Latin Hy\percube Sampllng (L(XZ))
o'

2200@QJ 0 608 S50 Q
o~ Q
% 20
o
< 18 $ o
> 0 O 3 B ° %% °9
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06 Latin Hypercube Sampling (beta(X(3)))
°
Q
o
3

Variable 2

Variable 1

400 600
Simulation
Latin Hypercube Sampling (D(X(4)))

600 1000

Simulation

Latin Hypercube Sampling d(X(5))

Simulation

Hinh 3: Mdu Hypercube Latin cua c4c bién ngdu nhién ddu vao chudn
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4.5. Sw héi tu ciza md pheng Monte Carlo

Dé danh gia xac suét tin cdy gid tri luc ti han caa hé thanh bién chiu nén cau dan
thép thanh ho, ky thuat LHS duoc thuc hién tir cac bién ngdu nhién dau vao thong qua
10.000 l1an MCS véi gia tri hoi tu 1,5%. Két qua thu dugc bao gdm xac suat pha hoai
(P;) va chi sb do tin cay S duoc trinh bay trong Bang 3, va biéu do phan bé chi s6 do
tin cay B thé hién nhu trén Hinh 4. Két qua tinh todn xac suat do tin cay theo phuong
phép dé xuat LHS-MCS trong nghién ctru nay duoc so sanh véi két qua cia phuwong phap
MCS truyén théng. So sénh két qua thu duoc ta nhan thiy rang ky thuat két hop LHS va
MCS danh gia x4c suét tin cay caa thanh bién chiu nén cau dan thép thanh ha khong co
su sai léch. Ngoai ra, mot diéu quan trong can dwgc nhan manh la ki thuat LHS tng
dung trong MCS chi can 214 giay dé phan tich, trong khi MCS can dén 1025 gidy dé c6
duoc két qua. Noi cach khac, LHS-MCS da tiét kiém tai nguyén may tinh hon so véi
phuong phap MCS truyén thng.

Bang 3: X&c sudt an toan va chi sé dé tin cdy 8 cua thanh bién trén chju nén

LHS-MCS MCS
Xéc suat khong an toan (Py) 0,0224 0,0231
Chi s6 d6 tin cay (B) 2,0065 1,9935
250 Cfmvergencg of Probabi!ity of Failure 0.25 — ﬂistograrp of Relia‘zbility Inc‘,lex (Beta‘)
200 | ] 02F =
3
% 150 | :2» 0.15
% 100 f £ 0.1
&
50§ 1 0.05 - |}
0 0
0 2000 4000 6000 8000 10000 2 21 2.2 23 2.4 25 2.6
Simulation Reliability Index (Beta)

H‘|nh’4: Su h_o”i tu cua md phong MCS-LHS (trai)
va phan phoi chi so dé tin cdy B (phai) sau 10.000 mé phong

5. Két luan

Bai bao nay da danh gia xac suat tin cay cua hé thanh bién chiu nén cau dan thép
thanh hé voi cac tham s6 dau vao la ngau nhién rai rac bang ky thuat Iy mau Hypercube
Latin (LHS) va phuong phap mo phong Monte Carlo (MCS). Pé dat duoc két qua cua
bai bao, mot mé hinh tat dinh tinh toan gié tri luc téi han hé thanh bién chiu nén ciu dan
thép thanh hé da duoc xay dung, tir md hinh tat dinh, mé hinh ngau nhién duoc st dung
dé giai thich cho tinh ngau nhién cua cac bién dau vao. Sau 6, mé hinh ngau nhién duoc
str dung dé danh gia xac suat do tin ‘cay h¢ thanh bién chiu nén cau dan thép thanh ho
bang ky thuat két hop LHS-MCS. Két qua thu dugc tir phuong phap LHS-MCS duoc so
sanh v&i phuong phap MCS truyén thong Két qua phan tich xac suat an toan cua gia tri
lwc ti han hé thanh bién chiu nén cau dan thép thanh hé sir dung k¥ thuat LHS ung dung
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trong MCS chi can 214 gidy dé phan tich, trong khi MCS can dén 1025 gidy dé c6 duoc
ket qua. N6i cach khac, LHS-MCS da tiet kiém tai nguyén mdy tinh hon so v6i phuong
phép MCS truyén thong.
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ABSTRACT

SAFETY PROBABILITY ASSESSMENT OF COMPRESSIVE
TOP CHORD OF STEEL PONY TRUSS BRIDGES
USING HYPERCUBE LATIN SAMPLING
AND MONTE CARLO SIMULATION

Nguyen Trong Ha?, Tran Anh Nghia?
Department of Civil Engineering, Vinh University, Nghe An, Vietnam
Department of Mathematics, School of Education, Vinh University, Nghe An, Vietnam
Received on 01/12/2023, accepted for publication on 08/12/2023

The steel pony-truss bridge is a structure commonly used in road and rail traffic. It
has a simple structure, a large bearing capacity, and high economic efficiency. The safety
of steel pony-truss bridges is highly dependent on the stability conditions of the top chord.
This paper presents the reliability assessment of the compressive top chord of steel pony
truss bridges according to stability conditions. For this purpose, a deterministic model was
built from the stability conditions of the compressive top chord; then, a stochastic model
was established based on the deterministic model, in which the structural geometries and
material properties are random parameters. Finally, the reliability of the structure is
evaluated using Hypercube Latin sampling and Monte-Carlo simulation.

Keywords: Reliability assessment; Hypercube Latin sampling; Monte Carlo
simulation; steel pony truss bridge; stability of the top chord.
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