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TGM TAT

K&t cau gian thép sir dung rét phd bign hien nay nhir kha nang st
dung vat ligu higu qua, vugt nhip tdt, kiu déng dep va da dang. Di
cing vai sy ing dung manh mé cia ket céu gian thép, kj thuat phan
tich tryc tiép duge quan tAm nghién ciru va img dung ngay cang
nhiéu vao thiét k& dang cang trinh nham danh gig chinh xac hen @ng
xir phi tuyén tinh phi dan hdi thyc t€ coa cang trinh. Do dac diém
cia thong sd thigt ke va vat ligu 1a ngAu nhién, xéc sut hu hong
cong trinh luén dugc xét dén trong thigt k& nhdm dam bao d tin
cy cia cang trinh trong qua trinh st dung. Vai nghién ciu nay,
thut toén tinh toan xac suft ket hop giira 2 kj thuat |8y mAu phan
tang mat phén “Latin haa" (“Latinized" Partially Stratified Sampling)
(LPSS) va &y m&u quan trong néng cao (effective importance
sampling) (EIS) LPSS-EIS duoc ing dung dé xac dinh xac sut pha
hoai ciia hé gian thép st dung phén tich phi tuyén. Higu qué cia
phueng phap duge so sanh vai céc ki thuat thang dung Monte Carlo
Simulation (MCS), LPSS. K&t qué phan tich gian thép khang gian 72
thanh cho thay LPSS-EIS rat higu qua khi tinh toan chinh xéc xac
sudt pha hiy cia cong trinh vai he s COV nha hon rét nhigu so vai
cac thuat toan MCS va LPSS.

Tir khaa: Gian thep; phan tich tryc tigp; xéc suét; Monte Carlo; Latin
Hypercube.

ABSTRACT

Steel truss structures are very popular nowadays thanks to their
efficient use of materials, good span, and beautiful and diverse
designs. Along with the strong application of steel truss structure,
direct analysis techniques are interested in researching and
applying more and more to the design of this type of structure to
more accurately evaluate structural nonlinear behaviors. Because
the design parameters and materials are random in the reality, the
structural failure probability of the structure is always considered
in the design to ensure the reliability of the structure during use.
In this study, the hybrid algorithm combined two techniques of
"latinized" Partially Stratified Sampling (LPSS) and effective
importance sampling (EIS) LPSS-EIS is applied to determine the
failure probability of the steel truss system using direct analysis.
The effectiveness of the method is compared with the commonly
used techniques of Monte Carlo Simulation (MCS) and LPSS. The
analysis results of the 72-bar space steel truss show that LPSS-
EIS is very effective when accurately calculating the failure
probability of the structure with a much smaller COV than the MCS
and LPSS algorithms.

Abstract: Truss; Advanced analysis; Probability; Monte Carlo; Latin
Hypercube.

1.DAT VAN PE

Nh& uu diém ndi troi cha vat liéu thép vé kha nang chiu luc (kéo
va nén), kha nang bién dang, cing dé bén cao, cac két cau thép noi
chung va két cau gian néi riéng ngay cang dugc st dung phd bién
Vv3i cac dac diém nhu vugt nhip 16n, phat huy t6i da su lam viéc cda
vat liéu, hinh thuc dep, phong phd. Tiét dién két cau thép thudng
thanh manh, kha nang chiu bién dang cao nén cac dac tinh phi
tuyén hinh hoc va phi tuyén vat liéu can dugc xét dén trong qua
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trinh tinh toan thiét ké. Cac phuong phap phan tich két cau thép
truyén théng dugc chia thanh hai budc gom: (1) xac dinh ndi luc cta
hé két cau st dung phan tich tuyén tinh dan héi va (2) thiét ké, kiém
toan cho ting cau kién riéng 1é c6 xét dén tinh chat phi tuyén bang
céac cong thuc thiét ké cho san trong cac tiéu chuan hién hanh nhu
AISC LRFD [1], Eurocode [2], v.v... Phuong phép tiép can gian ti€p nay
khong mé ta dugc cac ing xt phi tuyén cla céng trinh trong qua
trinh chiu tai trong. Bong thdi, viéc thiét ké riéng Ié cho tiing cau
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kién vira khéng dem lai hiéu qua kinh té cao nhat vira khéng dam
bdo su tuong thich cla chung trong su lam viéc chung cda cong
trinh. D& khéc phuc nhugc diém nay, cac phuong phép phan tich
truc tiép véi dac diém la cho phép xét dén ca phi tuyén hinh hoc va
phi tuyén vat liéu cia cong trinh dang dugc ing dung ngay cang
nhiéu [3-6].

Bén canh d6, phan tich d6 tin cay cdng trinh thu hut sy quan
tam rat I6n clia cac nha nghién ctu do ban chat thuc té cda tai trong
tac dung, kich thuéc hinh hoc clia két cau va dic diém cla vat liéu
la dai luong khéng chac chan. Nhiéu nghién ciu lién quan dén do
tin cdy cla cau truc da dugc bao cdo trong tai liéu sir dung cac ky
thuat va thuat toan khac nhau, vi du: xap xi bac nhat va bac hai
(FORM, SORM) [7-8], m6 phdng Monte Carlo (MCS) [9], phuong phap
bé mat dap ung [10], Idy mau quan trong (IS) [11], ky thuat ldy mau
Latin Hypercube (LHS ) [12], M6 phdng tap hgp con (SS) [13], v.v. Tuy
nhién, d6i vdi két cu thép, cac trang thai gidi han ctia hu hong két
cdu kho dugc biéu dién dusi dang ham toan hoc nén cac phuong
phap phan tich dé phan tich dé tin cdy nhu FORM va SORM thudng
cho sai s6 tuong d6i lon. Bén canh d6, néu cac phuong phap lay mau
nhu MCS va LHS dugc st dung, thi can phai co mét s6 lugng mau rat
I6n vi xac suat hdng hoc clia mét cdu trac 1a rat nho. Vi du: phuong
phép MCS yéu cau han mot trieu mau dé danh gia chinh xac gia tri
nho (< 0,1%) clia xac suat 16i cila mét chiic nang. Do do, thai gian
tinh toan cda cac phuong phap lay mau la qué cao. Gan day, Truong
va cOng su da dé xuat phuong phap két hgp gidra ky thuat 1dy mau
théng thudng nhu MCS va LHS véi ky thuat 1dy mau quan trong IS
nham xac dinh xac suat hu hong clia két cau thép [14-16]. Phuong
phap nay cho thay hiéu qua rat cao thong qua viéc giam dang ké s6
lan phan tich két cau trong khi d6 chinh xac van dugc dam bao.

Trong bai bao nay, thuat toan tinh toan xac suat két hgp gilra 2
ky thuat 1dy mau phan tang mét phan “Latin hoa” (“Latinized”
Partially Stratified Sampling) (LPSS) va lay mau quan trong nang cao
(effective importance sampling) (EIS) do Kim va Truong [16] dé xuat
dugc ing dung dé xac dinh xac suat pha hoai ctia hé gian thép s
dung phan tich phi tuyén. Hiéu qua ctia phuong phap dugc so sanh
véi cac ky thuat théng dung Monte Carlo Simulation (MCS), LPSS.
Céc phan tiép theo clia bai bao dugc t6 chic nhu sau. Trong phan 2,
ndi dung ky thuat l1dy mau phan tdng mét phan “Latin hoa”
(“Latinized” Partially Stratified Sampling) (LPSS) dugc trinh bay. Tiép
theo la ky thuat Idy mau quan trong nang cao (EIS) dugc trinh bay
trong phan 3 va trinh ty cac budc chinh cta thuat toan LPSS-EIS
dugc gidi thiéu trong phan 4. Két qua nghién ctu hé gian khong
gian 72 thanh sé& dugc néu ra trong phan 5 va cudi cuing la két luan.

2.KY THUAT LAY MAU PHAN TANG MOT PHAN “LATIN HOA”
(“LATINIZED” PARTIALLY STRATIFIED SAMPLING) (LPSS)

Ky thuat lay mau LPSS dugc Shields va Zhang [17] dé xuat vao
nam 2016. Day dugc xem la mét trong nhiing phuong phap lay mau
mai nhat va hét sic manh mé. LPSS dugc phat trién bang cach két
hgp cac phuong phap lay mau phan tang mot phan (partially
stratified sampling) (PSS) va ldy mau phan tang “Latin hoa”
(“Latinized” stratified sampling) (LSS). Can luu y rang PSS va LSS lan
lugt 1a nhiing cai tién cla phuong phap ldy mau phan tang
(stratified sampling) va LHS. Do d6, LPSS c6 thé gidm phuong sai cla
cac udc lugng théng ké mét cach hiéu qua hon nhiéu so véi cac
phuong phap l1dy mau thong thuong nhu MCS, LHS, 1dy mau phan
tang, v.v.

LSS dugc phat trién dua trén LHS trén co s& st dung mang truc
giao (OA-LHS) khi kich thudc clia tat ca cac tang déu bang nhau. Tuy
nhién, so véi OA-LHS, LSS truc quan hon va dé dang ap dung trong
céc bai toan khéc chiéu. Cac budc chinh clia LSS ¢6 thé dugc minh

hoa bdng cach st dung mét vi du dé tao 9 mau theo 2 chiéu dugc
trinh bay trong Hinh 1 nhu sau:

a+b+c

Budc 1: St dung LHS tao 9 mau cla 2 bién x; va x, nhu trong
Hinh 1.

Budc 2: Chia mién bién ngau nhién thanh 9 tang tuong ting véi
s6 lugng mau dugc thé hién bang nét lién trén Hinh 1.

Budc 3: Trong méi tdng, nhom ngadu nhién mét diém mau cla
X; v6i mot diém mau clia x, dé tao nén méu X =(x;,x; ). Cac tang
va cac 6 lién quan dén cac diém nay khong dugc phép tao cadc mau
ti€p theo. Cac 6 nay dugc t6 bong trong Hinh 1.

Budc 4: Lap lai budc 3 cho dén khi tat ca 9 mau dugc tao.

a4 a4 =Y

5+

»

Hinh 1. Minh hoa tao 9 mu 2 chiéu bang LSS [16]
C6 thé nhan thay rang LSS trong 1 chiéu la chinh la LHS. Dya trén
LSS, LPSS dugc dé xuat dé tao mau clia khéng gian N chiéu @ nhu sau:
Budc 1: Binh nghia N va Nimau 1 s6 chiéu va téng s6 mau.
Budc 2: Chia khéng gian @ thanh Ns khéng gian con Ni chiéu

N
0;(i=1,.,N;) théa man cac diéu kién sau: (1) ‘516,:(1) , (2)
j=

NS
©;NO =D v6i j#k,(3) D N;=N.
1

Busc 3: Chia cac mién con O;(i=1,.,N;) thanh M; tang
Qi (k=1,.,M;) thoda man diéu kien: Nppq, =M (i=1,..N;) .

Buéc 4: Ap dung
Oy li=1,, Nk =1,.,M).

Budc 5: Tao mau clia cac khong gian con ©;(i =1,..,N,) bang céch

LSS dé tao mau cho tang

nhém ngau nhién cdc mau cda tang Q (i =1,.,Ng; k=1,.,M;) .

Budc 6: Tao mau cho khéng gian @ badng cach nhém ngau
nhién cac mau ctia cac khong gian con ©;(i =1,.,N;) .

Cac théng tin b8 sung vé PSS, LSS va LPSS c6 thé dugc tim thay
trong tai liéu [17].

3.KY THUAT LAY MAU QUAN TRONG NANG CAO (EIS)

EIS dugc dé xuat bai Truong va Kim [14]. Trong EIS, ham trang
thai gidi han clia cong trinh chiu tai trong khi str dung phan tich truc
tiép nhu sau:
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G (X)=R"—m—1 (1)
Xm

Trong d6 X = (1,0 Y}s X100 Xy ) 1 vec-to bi€n ngéu nhién cda
hé cong trinh véi y; (i =1,..1) la bién ngéu nhién lién quan dén kich
thuéc hinh hoc clia céng trinh va dac tinh cda vat liéu va
x; (i =1,.,m) la bién ngdu nhién cla tai trong; R, ,, 1a kha nang chiu
tai cda cong trinh xac dinh theo tai trong tac dung x,,, . R,,, dugc
xac dinh nhu sau: trang thai chju tai ctia cong trinh khi chiu cac tai
trong (Xq,... X,_q ) dugc xac dinh trudc, sau do trang thai lam viéc
cla hé cdng trinh khi chju tai trong x,,, dugc tiép tuc tinh toan.

Xac suat pha huy clia cdng trinh P dugc xac dinh nhu sau dua
trén ky thuat IS:

f,
P = P[G (X)so} - I fo (r)ax, (x) gxm (())(()) drdx  (2)
G (X)=0 i

Trong défy (r) va f, (x)laham phan bé xac suat clar,,
VaXpm, g, (x)laham phanbé xac sudtlS cia xp, .

Xac sudt pha huy cong trinh sirdung IS dugc tinh gan ding nhu
sau:

N
'| .
P s :NZ/(X”,’) 3)
i=
Trong dé:
f, (!

Xm) - o , '
i “ r:n khi Ry, =Rxm(x1’,x2’,...,xm_1‘)gxm’
I(Xm): gx (Xm)

m

4
0 khi Rﬁ(m =Rm (x{, xzi xm_1i ) > xmi
V6i xp,(i=1.,N) lacacmaucta x, stdung 9gx, (x)-
Cong thuc (2) va (3) cho thay N lan phan tich két cdu dugc st
dung dé tinh toan Pt ;s ma khong phu thuéc vao cach tao mau cla
X - Néu N gia tri cha R,,,, da biét, P ;s chi phu thudc vao N méau
Xp - Trén co s& do, sai s6 khi tinh P ;s c6 thé gidm thiéu bang cach

[ap lai nhiéu lan qua trinh tao N mau x,,, trong thuat toan EIS. Luc
nay, xac suat pha huy cia cong trinh dugc xac dinh nhu sau:

K
'I .
_IN"pj
P eis = p E IPf,/s (4
J:

Trong do6 k la hé s6 1ap trong EIS va Pfj,S la gid tri cta Py 5 trong

lan tao mau thij cta N mau x,, .

4.KY THUAT KET HOP LPSS VA EIS (LPSS-EIS):

LPSS-EIS dugc két hop tir 2 ky thuat trén véi cac budc chinh nhu
sau:

Budc (1): Xac dinh bién ngdu nhién cho bai toan
X= (y1,...,y,,x1,...,xm) trong d6 x,,, dugc chon dé st dung LPSS-EIS.

Budc (2): Tao N mau Y’ :(y1i,...,y,",x1",...,xm,1") (i=1..N) st

dung phuong ky thudt LPSS.
Budc (3): Xac dinh khd nang chiu tdi cla cbéng trinh
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Rl (i=1..N).
Budc (4): Chon ham phan b6 xac suat IS 9x, (x) cho x,, .
Budc (5): Xac dinh k gia tri Pf];ls .

Budc (6): Xac dinh P; st dung cong thuic (4).

5. TRUGNG HOP NGHIEN CUU

Mét gian khong gian 72 thanh véi kich thudc nhu trén Hinh 2 sé
dugc nghién ctu trong phan nay. Cac thanh gian dugc chia thanh
16 nhém tiét dién khac nhau 1a: (1) A-Az; (2) Ag-Aq; (3)
A13-Aq6; (4) Aq7-Aqg;(5) Aq9-Ay;; (6) Axz-Azq;(7) Azq-Azy;
(8) Azs-Azg; (9) Azz-Ago; (10) Agq-Agg; (11) Agg-Asy; (12)
As3-Asy i (13) Ass-Asg ; (14) Asg-Agg ; (15) Agz-Azq ; (16)
A;4-A,, . Tai trong gi6 dugc mo phdng dudi dang tai trong diém tai
cac nut gian theo phuong truc X. Tai trong chét va tai trong truc ti€p
dugc chuyén déi thanh tai trong diém tai moi nut gian. T6 hop tai
trong dugc xem xét la (1.2D+0.5L+1.7W) trong d6 D la tinh tai, L la
hoat tai va W 1a tai trong gi6. Cac dac tinh ngau nhién cla bién thiét
ké dugc thé hién trong Bang 1. Tiét dién clia 16 bién nay ldy bang:
(7419.340; 1690.319; 1045.159; 1045.159; 4658.055; 1283.868;
1045.159; 1045.159; 2238.705; 1045.159; 1045.159; 1045.159;
1045.159; 1045.159; 1045.159; 1045.159) (mm?2) dua trén két qua téi
uu dugc trinh bay trong tai liéu [15]. Hai thuat todn MCS va IS dugc
st dung dé danh gia hiéu qua ctia LPSS-EIS.

YA
4 J.MEm

2T
w -1
A .-
g
-
X
W
" Y
Zp
w4 .
Y — it
- =
(3) ] ™~ 7 [(14)
e S (5)
T e —— 1

4% 1L.52Mm
.

w ol .
o o —
5 = —~ )

Hinh 2. Gian khdng gian 72 thanh

Bang 1. Déc tinh cda bién ngau nhién

) Biénngau  Gidtridanh Trung binh/ i
Loa nhié?] nghia Dant?nghia (OV Dang phan bo
Vat liéu £ 68.95 (GPa) 0.993 0.034 Lognormal
£ 172.375 1.10 0.06 Lognormal
(MPa)
Tiét dién Ai - 1.00 0.05 Normal
l; - 1.00 0.05 Normal
Taitrong D 50 (KN) 1.05 0.10 Normal
L 50 (KN) 1.00 0.25 Gumbel
W 50 (KN) 0.92 0.37 Gumbel
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Bang 2. Trinh bay két qué tinh toan P cta 3 thuat toan MCS,
LPSS va LPSS-EIS. Két qua dugc tinh toan dua trén 20 lan chay doc
lap d&i v6i mébi thuat toan va sé mau st dung cho méi thuat toan la
256 mau. Gia tri chinh xac P; dugc xac dinh thong qua viéc st dung
thuat toan MCS vdi 5 triéu mau. Két qua cho thay cac thuat toan déu
cho két qua gia tri trung binh clia P, bang véi gia tri chinh xac. biéu
nay c6 nghia khi cac thuat toan nay chay véi mau da 1én sé dam bao
dat dugc gia tri P, cudi cung la chinh xac. Tuy nhién, gia tri COV clia
P¢ strdung LPSS-EIS nhé hon rat nhiéu so véi MCS va LPSS. Biéu nay
cho phép LPSS-EIS st dung s6 lugng mau nhé hon rat nhiéu so véi
2 thuat toan kia va qua d6 giam thiéu dugc thai gian tinh toan. Pé
thay ré hon vé hiéu qua cla cac thuat toan thong qua chi s6 COV,
Hinh 3 biéu dién gia tri COV thu dugc khi c& mau cho thay déi tir 500
dén 10000. C6 thé thdy réng thuat todn LPSS-EIS c6 hiéu qua vuat
tréi so véi MCS va LPSS. Cu thé 1a khi c& mau lén dén 10000 thi gia
tri COV thu dugc clia thuat toan MCS lén dén 30.7% va clia LPSS van
la khd 16n véi 27% thi ctia LPSS-EIS chi la 1.8%. Diéu nay cho thay la
cac thuat toan tinh xac suat thong qua cac phuong phap mé phéong
dang MCS sé c6 nhiéu han ché vé kha nang giam s6 lugng mau khi
gia tri P 1a kha nhd. Do vay, bang viéc ting dung ky thuat IS, bai toan
Xac suat cé thé chuyén ddi tur bai toan gid tri P kha nho sang bai
todn cé gia tri Py 16n va hiéu qua trong viéc gidm sé lugng mau can
thiét.

Bang 2. K&t qua tinh xac suat pha hly cla gian 72 thanh

Phuong phap Gia tri trung binh cov
K&t qua chinh xac 0.994%
MCS 0.994% 2.068
LPSS 0.994% 1.716
LPSS-EIS 0.994% 0.061
1.40
MCS
1204 = LPSS
1.00 4 ——LPSS-EIS
= 0.80 9
L0.60 -
0.40 A .
0.20 4 _
—
0.00 T T T T T T T 7
0 2,000 4,000 6,000 8,000 10,000

C& mau
Hinh 3. Biéu d6 quan hé giita COV va c& mau

6. KET LUAN

Bai bao trinh bay va danh gia chi tiét hiéu qua ctia phuang phap
tinh toan xac suat pha hay gian thép st dung phan tich truc ti€p
LPSS-EIS. LPSS-EIS dugc xay dung dua trén su két hgp ky thuat moé
phong dugc st dung la 1dy mau phan tang mot phan “Latin héa”
(“Latinized” Partially Stratified Sampling) (LPSS) va ky thuat lay mau

trong s6 nang cao (EIS). Két qua ap dung vao két ciu gian khéng
gian 72 thanh cho thdy thuat todn LPSS-EIS ¢6 hiéu qua vugt troi so
véi MCS va LPSS. LPSS-EIS khong chi ddm bdo xéc dinh chinh xac gia

tri trung binh clia xac suat phé hudy cta két cadu P, ma con gidm gia
trj d¢ léch chudn COV clia P, , qua d6 cho phép gidm s6 lugng phan

tich két cdu cong trinh. Hudng nghién ctu ti€p theo gom 2 huéng
chinh la: (1) ting dung thuét toan LPSS-EIS cho céc bai toan téi uu ¢
xét dén diéu kién rang budc vé dé tin cay va (2) cai tién thuat toan
LPSS-EIS cho bai toan xac dinh xac suat ctia cdng trinh chiu tai dong
dat.
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