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Trong phan tich d6 tin cay ctia két cAu gian thép phi tuyén, cic phwong phap 14y mau mé phong nhu Monte
Carlo Simulation (MCS), Latin Hypercube Sampling (LHS) va Quasi-Monte Carlo Sampling (QMCS) thuong
yéu chu sb lvgng miu 16n dé wéce lwgng xéc suit hu hong thip (dwdi 0,1%), din dén chi phi tinh toan cao.
Bai b4o d& xuit moét khung két hop giita kj thuét 14y miu quan trong nang cao tu thich ng (aEIS) va cac
phuwong phap MCS, LHS, QMCS dé giam dang ké s6 lugng mAu cAn thiét, ddng thoi duy tri d6 chinh xac.
Khung nay tan dung co ché dich chuyén trung binh va didu chinh d6 1éch chuin dong cua aEIS, két hop véi
kha ning bao quét khong gian xéc suét clia MCS, LHS va QMCS. Mot nghién cttu dién hinh trén gian thép
phéng 39 thanh di dugc thuce hién, cho thiy khung két hop, dic biét QMCS-aEIS, dat hé sb bién thién (COV)
thip hon déng ké so v&i EIS, cho phép giam sé mAu ma vAn dam bao d6 chinh xé4c. Két qua nay cung cip
mét giai phap hiéu qua cho cac bai toan phi tuyén phic tap, hd trg téi vu héa thiét ké va danh giad do tin

cay trong k§ thuat két cAu.

ABSTRACT

Importance Sampling
Simulation Sampling
Steel Truss Structure
Failure Probability
Nonlinear

Monte Carlo

In the reliability analysis of nonlinear steel truss structures, simulation sampling methods such as Monte
Carlo Simulation (MCS), Latin Hypercube Sampling (LHS), and Quasi-Monte Carlo Sampling (QMCS) often
require a large number of samples to estimate low failure probabilities (below 0.1%), resulting in high
computational costs. This paper proposes a combined framework integrating an advanced adaptive
Importance Sampling technique (aEIS) with MCS, LHS, and QMCS to significantly reduce the required
number of samples while maintaining accuracy. The framework leverages the mean-shifting and dynamic
standard deviation adjustment mechanisms of aEIS, combined with the probabilistic space coverage
capabilities of MCS, LHS, and QMCS. A case study on a planar 39-bar steel truss demonstrates that the
combined framework, particularly QMCS-aEIS, achieves a significantly lower coefficient of variation (COV)
compared to standard EIS, enabling a reduction in the number of samples while ensuring accuracy. These
results provide an efficient solution for complex nonlinear problems, supporting optimization of design and

reliability assessment in structural engineering.

1. Giéi thiéu

réi. Trong céch tiép cén tinh toan tryc tiép, Wng x cta cong trinh dudi

tac dong cua tai trong dugc mé phong qua rat nhiéu bude tai nho, tir

Trong linh vitc k§ thuat két cAu, gian thép déng vai trd quan
trong trong cac cong trinh x4y dung, cAu dudng va kién tric hién dai
nho tinh linh hoat, tiét kiém vat liéu va kha néng chiu lyc cao. Chinh
vi vdy, rit nhiu nghién ctu v& dang két cAu nay di dugc thuc hién
trong hon hai mwoi nim qua véi nhiéu d@ tai khac nhau nhu: tinh toan
két cAu [1-2], t6i vu héa [3-5], ting dung tri tué nhan tao trong két ciu
gian [6-7], v.v. Tuy nhién, viéc tinh toan két cAu gian thép thudng gip
phai cic dic tinh phi tuyén phiic tap tit hinh hoc (nhu hiéu ting dich
chuyén 16n va mét 6n dinh) va vat liéu (1am viéc hiéu qua trén mién
dan déo), din dén viéc ap dung cic phuong phép tinh toan triyc tiép

(advanced analysis) dang dwgc nghién ctu va trién khai ngay cang rong
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d6 toan bd ting xit phi tuyén ctia hé théng duge tinh todn mot cach
chinh x4c va toan dién. Pong thoi, kha ning chiu tai 16n nhit cta toan
bo két cAu cling c6 thé dugc xac dinh mot cach dang tin cdy, dac biét
khi tich hop céc yéu t6 khéng chic chén nhv bién ngiu nhién trong tai
trong va vat liéu. Sy hu héng cua cong trinh duoc danh gia ddng thoi
trén toan b hé két cAu, thay vi kiém tra si? an toan ctia titng ciu kién
riéng 1é nhu cic phuong phap tinh toan truyén théng dua trén hé s6 an
toan. Nho nhitng wu diém vigt trdi ndy, cic phirong phép tinh toin
trie tiép khong chi ning cao d6 chinh xdc ma con hd trg téi wu hoa
thiét ké, va chiing da dugc 4p dung ngay cang nhiéu trong thi gian

gan day, dic biét trong bdi canh cac c6ng trinh phitc tap ddi hoi phan
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tich d6 tin cay cao [8-10]. Tuy nhién, hanh vi ctia gian thép phi tuyén
thuwong bi anh huéng boi cic yéu té khong chic chin nhu tai trong
ngiu nhién, dic tinh vét liéu bién thién va sai 1éch hinh hoc, din dén
rtti ro hong héc tiém 4n. Viée danh gid do tin cdy cta cic cong trinh niy
khong chi gitp t6i vu héa thiét ké ma con dam bao an toan va hiéu qua
kinh té. Theo c4c nghién ctu gn day, x4c suit hong héc cia gian thép
6 thé dao dong tit 10 dén 10°, tiry thude vao mitc d6 phic tap va
diéu kién tai trong, doi hoi cac phiong phap phan tich chinh x4c va
hiéu qua vé& mit tinh toan.

Theo céch thiét ké truyén théng, danh gia do tin cdy cong trinh
dua trén cic phuong phép xic dinh (deterministic), sit dung hé s6 an
toan dé bu dip cho tinh khong chéc chin. Tuy nhién, cach tiép can nay
thuwong din dén thiét ké du thiva, ting chi phi vt liéu va thi cong. Dé
khic phuc, cic phuong phap dwa trén xac sudt (probabilistic) da dugc
phat trién, trong d6 do tin cdy dugc do lwdng qua xdc suit héng héc
(failure probability) dwéi cic bién ngiu nhién. Cac kj thudt phd bién
bao gébm mé phong Monte Carlo (MCS) [11], phuong phap dd tin ciy
béac mot (FORM) [12], phuong phéap d6 tin cdy bac hai (SORM) [13],
14y mAu quan trong (IS) [14], 14y miu siéu lap phwong Latin (LHS) va
mo phéng tip con (SS) [15]. MCS 14 phuwong phéap co ban, dya trén viéc
ldy miu nglu nhién dé wdc lwong xdc suit, nhung doi hoi sé lwgng
mau 16n (thuong 1én dén 106-108 cho x4c suét nho), din dén chi phi
tinh toan khdng 18, dic biét v&i cAu tric phi tuyén yéu cAu phén tich
khong dan hdi 13p lai. FORM va SORM sit dung x4p xi tuyén tinh hoic
béc hai tai diém thiét ké t6i wu, nhung ching kém chinh xéc véi céc
ham gi6i han trang thai (limit state functions) phi tuyén cao d6, nhu
trong gian thép chiu tai trong 16n giy chay déo hodc mét 6n dinh. Dé
cai thién, cac bién thé cta IS va LHS da dwgc d@ xuét. IS tap trung ldy
mAu quanh ving hu héng bing cach dich chuyén phéan bé 14y miu, qua
d6 cho phép giam sb lwong mau cin thiét. Tuy nhién, hiéu qua caa IS
giam khi s6 bién ngiu nhién ting hodc viing hu hong phitc tap, khé xac
dinh. LHS, mot ki thuat 14y mAu phan ting, dam bao bao quat t6t khong
gian x4c suit nhung vin yéu ciu sé miu 16n cho xéc suét thip. Gin
day, cac két hop giita IS va cic phiong phap tao miu nhw LHS di
chitng minh kha ning giam phuiong sai, nhung chiing chuva dugc tdi vu
héa hoan toan cho két cAu phi tuyén nhu gian thép, noi phan tich ning
cao thuwdng phai xem xét nhidm mo ta hiéu qua hiéu ng phi tuyén va
mét én dinh cta cong trinh.

Trong bbi canh dé, phiong phap 14y miu quan trong hiéu qua
(Efficient Importance Sampling - EIS) ndi 1én nhw mot cong cu manh
mé, duge cac tic gia nhv Truong va Kim phat trién trong cdc nghién
cttu gin day dé cai tién phuong phap 14y miu quan trong (IS) truyén
théng, nhim xéc dinh mat d6 14y mAu hiéu qua hon thoéng qua viéc két
hop cac chién luge thich tng (adaptive) [16-18]. Cu thé, trong bai bao
n3m 2017 [18] v phén tich dd tin ciy ctia cAu day ving thép, céc tic
gia d& xuét EIS bing cach st dung dit liéu ban dAu ti¥ cic mAu so bd dé
dich chuyén trung tdm 14y mAu vio ving hv hong, giam dang ké sé
lvong miu cin thiét so v6i IS théng thuong trong khi vin duy tri do
chinh x4c cao cho céc ciu tric phi tuyén 16n. Tuong tw, nghién cttu

nam 2018 vé t&i wu héa thiét ké dira trén d6 tin ciy ctia gian thép khong

dan hdi phi tuyén da tich hop EIS véi phuong phéap 1y miu siéu lap
phuong Latin cai tién (IHS) [16], gitip t6i tu héa phan bé miu va giam
phuong sai wéc lwgng xdc sudt hv héng, dic biét khi ham giéi han
trang thai khong thé biéu dién toan hoc rd rang do tinh phifc tap ctia
itng x& phi tuyén ctia két cAu. Pén nim 2020, trong danh gia d6 tin ciy
ctia khung thép ntta cting, EIS dwgc cai tién thém bing cich két hop
v6i 14y miu phan tAng mot phin Latin héa (LPSS), cho phép xtt 1y t6t
hon khéng gian da chidu va céc xac suit hong héc rit nho, ddng thoi
tiét kiém thi gian tinh toan 1én dén 50-80% so v&i IS don thuin nhd
kha ning bao quét viing xac sudt mot cach hiéu qua. Tuy nhién, EIS don
1é vin giip thach thitc v&i céc cAu tric phi tuyén cao do, noi cin bd
sung cac thuét toan léy mau tién tién nhv IHS hodic LPSS dé tao ra mot
khung manh mé, vita giam sb lwong miu vita nang cao d6 chinh xac
tdng thé.

Mic dit cic nghién cifu ctia [16-18] di mang lai nhitng tién bd
déng ké trong viéc ap dung EIS dé danh gia do tin cay cAu tric phi
tuyén, ching van tdn tai mot sé nhwoe diém nhét dinh, din dén khoang
tréng khoa hoc cin duogc 14p ddy trong nghién citu hién tai. Cu thé,
trong bai bdo [17] v& phén tich d6 tin ciy ctia cAu day ving thép, EIS
dugce d& xult bing cach st dung cic miu so bd tit IHS dé wée lugng
trung binh (mean) va phuong sai (covariance) ctia ving hu hong, sau
d6 dich chuyén trung tam 14y miu dén gia tri trung binh nay trong khi
gitt nguyén do léch chudn (std) gbc clia phan bd xé4c suét. Tuy nhién,
cach tiép can nay phu thudc 16n vao chéat lwgng ctia cic mau so bd; néu
vung hong héc da mode hodc phic tap do cac tai trong két hop (nhu
tinh tai, hoat tai va tai trong gid), viéc wéc lugng gia tri trung binh va
d6 1&ch chudn c6 thé chira chinh xac, din dén dich chuyén khéng hiéu
qua va sb lvgng mau van con 16n hon mong doi so v&i IS théng thudng.
Bén canh d6, phwong phép xac dinh gi4 tri trung binh dé dich chuyén
dugc tinh toan thong qua hé s6 chiu tai (ultimate load factor) dugc x4c
dinh d6ng thdi cho toan bd tb hop tai trong, ma khong tach biét cho
tirng loai tai (vi du: tai gi6 bién thién manh), khién EIS chua t6i wu héa
cho cac triedng hop tai trong ngiu nhién doc lap. Tuong tw, nghién ctu
nim 2018 v téi wu héa thiét ké dira trén db tin ciy ctia gian thép khong
dan héi phi tuyén ciing st dung IHS-EIS véi co ché dich chuyén twong
tw, noi gia tri trung binh dugc léy tif trung binh cdc mau khién cho
cong trinh hu héng va d 1éch chuén giit nguyén, nhwng hiéu qua bi
giam khi ham gi¢i han trang théi phi tuyén cao d6, din dén 15i wéc
lvong xéc sudt & mite thip (10 tré xubng) va chua cai tién duoc viée
diéu chinh d6 léch chuén dong. Pén nam 2020, trong danh gia do tin
cay clia khung thép nita ciing, EIS dugc két hop v&i LPSS dé cai thién,
v6i gid tri trung binh dich chuyén dya trén cdc miu phén ting va do
léch chuén diéu chinh nhe dya trén di liéu ban diu, gitp x 1y tét hon
xé4c sult hu hong nhé; tuy nhién, viéc tinh hé s6 chiu tai vin cha yéu
ddng thoi cho td hop tai trong cwdng dd va kha ning st dung, ma chua
4p dung tinh toan 14n lugt cho titng tai trong riéng 1é (nhu tai gid), dan
dén dich chuyén trung tdm 14y mAu chwta du chinh xac trong khéng gian
da chiéu, diic biét khi cac tai trong c6 mic do bién thién khac nhau.
Nhitng han ché nay cho thiy EIS dugc d@ xudt trong [16-18], dit hiéu
qua hon IS théng thuong nhd giam 50-80% sb mau, van chua dat téi
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wu do phu thude vio wéc lvong ban diu va thiéu co ché thich ng dong
cho viéc didu chinh gi4 tri trung binh/d6 1éch chudn dia trén tinh todn
hé s6 chiu tai riéng biét.

Nghién cttu nay d@ xuét cai tién EIS bing cach tinh hé sb chiu tai
1an lwot cho titng tai trong (bit dAu tif tai gi6 d& bién thién), tit d6 wéc
lwgng gia tri trung binh dich chuyén chinh xac hon va didu chinh do
léch chuén déng, 14p diy khoang tréng khoa hoc nhim nang cao hiéu
qua cho danh gia d6 tin cdy ctia gian thép phi tuyén. Thuat todn m&i
duoc dit tén 12 aFEIS (adaptive EIS). Sau d6, aFIS sé dugc két hop véi
céc thuéat toan léy mau khéc nhau nhuv LHS, MCS ban ph?in (Quasi-MCS
(QMCS)), v.v. nhim ting hiéu qua. Mot gian thép phing 39 thanh dugc

nghién cttu dé danh gia hiéu qua cua khung d@ xuét.

2. Xaydungky thuatliy maiu quan trong nang cao tu thich Gng (aEIS)
2.1. Ky thudt ldy mdu quan trong ndng cao EIS

Trong kj thuit liy miu quan trong ning cao (Efficient
Importance Sampling - EIS), ham trang thai gi&i han (limit state
function) ctia céng trinh chiu tai trong khi st dung phén tich true tiép
duoc xiy dung dua trén khai niém hé sé chiu tai (load factor), nhim
phan 4nh kha niing chiu lyc tdng thé ctia hé két cAu phi tuyén. Cu thé,
ham trang thai gi¢i han dugce biéu dién nhu sau:

CX)=1fp,(X)—1<0(1)

Trong d6 X = (y4,..., V1, X1, ..., X)12 vec-to bién ngdu nhién cia
hé cong trinh véi y; 1a bién ngiu nhién lién quan dén kich thuée hinh
hoc ctia cong trinh va dac tinh vét liéu (nhu dién tich tiét dién, mé-dun
dan hdi, cuong d6 chay déo) va x; 14 bién nglu nhién cua tai trong (nhw
tinh tai, hoat tai, tai gi6); If»(X) 1a hé sb chiu tai 1én nhit clia cong
trinh duoc xac dinh theo tai trong tic dung P. Hé sb If,(X) duoc tinh
toan nhu sau: Trang théi chiu tai ctia cong trinh khi chiu céc tai trong
danh nghia P, =P dugc xac dinh trudc (qua trinh tinh todn diing lai khi
cac tai trong P, dat 100% d0 16n cua tai), sau d6 trang thai lam viéc cta
hé cong trinh lai tiép tuc chiu tai trong P ting din cho dén khi ht hong
va diém hu hong d6 sé 13 twong tng véi gia tri If»(X) . Su kién hw hong
xay ra khi g(X) < 0, t@c Ifp(X) < 1.

Dua trén ky thuat 14y miu quan trong (IS) co’ ban, x4c suét hong
héc cta cong trinh dugc x4c dinh nhu sau:

P = P[G(X) < 0] = [I[G(X) < 0]hp(X) i"ig dx (2)

Trong d6 f,(X) 12 ham mat d6 xac suit (PDF) gbc ctia X; hp(X) 12

ham mat dé xac suét ldy miu quan trong (IS PDF), duoc thiét ké dé tap

trung vao viing hw hong; I[.] 14 ham chi thi (bing 1 néu diéu kién ding,
0 néu sai).

Xéc sut hong héc duge wde luwgng gan ding bing cich st dung
N miu tit hp(X):

1 fp(X)
Pris = 52?;11[9()(1) <0] —hi(Xi) (3)
Trong dé: X; 12 cac miu dugce tao ra tit hp(X) va trong sb %
PAj

diéu chinh dé dam bao wéc lvgng khéng thién vi.
Dé xay dung h,(X) trong EIS, cic nghién cttu trude day [16-18]

st dung mét qué trinh hai giai doan thich tng. PAu tién, cic gia tri

trung binh ctia céc bién duoc sit dung dé x4c dinh hé sb chiu tai trong
twong ting trong tridng hop tit ca cac tai tic dung ddng thoi If. Sau
d6, hé sb If nay duoc st dung dé wée lvong gia tri trung binh cta ving
hv hoéng: u, = If X Pva d6 léch chudn ciia hp(X) thudng duoc giit
nguyén bing d6 1éch chudn gbc ctia phan bd xac suit (vi du: néu bién
ngiu nhién theo phin b chudn, d6 1éch chuén gii* nguyén gi tri ban
diu), hoic chi didu chinh nhe dwa trén dit liéu so bo ma khéng c6 co
ché dong. Trung tam 14y miu duge dich chuyén dén yj, trong khi d6
léch chuén gii* nguyén dé tranh co hep viing 14y miu qua mic, din dén
thién vi. biéu nay gitp EIS giam s6 lvgng mAu chinh thic cin thiét so
v6i IS thong thuong, vi mat d6 hp(X) tap trung hon vao ving Py nho.

Coéng thiic (2) va (3) cho théy dé tinh toan Prss cin N lan phan
tich két cAu phi tuyén, gia tri nay khéng phu thudc vao cich tao mau
ctia hp(X). Néu céac gia tri ctia If; da biét tit N 14n phan tich két cu phi
tuyén, thi w6c lvong Py ;s chi phu thudc vao Ngia tri tao mau tit P, trong
s6 ctia cac miu hu hong. Trén co s& d6, sai s6 khi tinh Pr s €6 thé giam
thidu bing cach Lip lai nhidu 1An qua trinh tao Ngi4 tri tao mAu tit P,
Lic nay, x4c suit héng héc ctia cong trinh dugce xac dinh nhu sau:

Pf,EIS = %Z?:l P}{,s ()

Trong d6 P/, twong tng v6i lan tao mAu thit j cia N miu tit P,

va k 12 hé sb 1ip trong EIS.

2.2. Pé xudt ky thudt 1dy mdu quan trong ndng cao t thich 1ng aEIS

Mic dit EIS mang lai hiéu qua cao nh& co' ché thich ¢ng nay, né
van tdn tai mot sb han ché cin chi ra d& din dén cai tién. Thd nhét,
hiéu qua ctia EIS phu thudc 16n vio chit Iugng wéc lvong uy, va d6 1éch
chuén. Néu viing ht héng phite tap do twong tic phi tuyén giita cac
bién, wéc lwong u,cé thé 1éch khoi trung tAm thue sw, din dén dich
chuyén khéng téi wu va sb lvgng miu van con cao. Thit hai, viée giit
nguyén d6 léch chudn gbc hoic diéu chinh nhe ma khéng c6 co ché
dong 6 thé 1am cho mat do IS qua rong hoic qua hep, ting phuong sai
wéc lwong, dic biét & xac suit thip. Thit ba, trong tinh toan If, cac
nghién cttu trudc thuong xac dinh hé s6 chiu tai df“)ng thoi cho toan bd
td hop tai trong, ma khéng tach biét tinh toan 1an lwgt cho ting loai
tai, vi du bit dAu ti¥ tinh tai bién thién nho rdi dén hoat tai va tai trong
gi6 bién thién manh. Piéu nay lam giam d6 chinh xic ctia u, dich
chuyén trong khong gian da chidu, noi cic tai trong c6 mdc do bién
thién khéc nhau, dn dén EIS chua dat t6i wu cho két cAu gian thép phi
tuyén phic tap. Nhitng han ché nay tao co s& cho viéc phat trién aEIS
(adaptive EIS) trong nghién cfu nay, v&i cai tién tap trung vao wdc
lvong u, va do léch chuén mét cch tu dong, thich tng véi didu kién
ban dAu ctia bai toan.

Cu thé, qu4 trinh xay dyng ham mat d6 14y mAu quan trong hp(X)
trong aEIS dugc thye hién 1an vt nhu sau:

Buéc 1: Lya chon tai trong muc tiéu P diing trong tinh toan P;.
Tai trong P dugc lya chon trong céc tai trong tic dung 1én cong trinh
v6i dic diém 13 ¢6 d6 léch chudn 16n vi dic diém nay khién né c6 anh
hwéng 16n dén tinh bién thién ctia Pr. Pbi v&i cong trinh, tai trong hoat

tai va tai trong gi6 thuong cé tinh bién thién 1dn (tinh bién thién ctia

JOMC | 60



Tap chi Vat liéu & Xdy dung Tdp 15 $6 05 ndm 2025

tai trong gié thudng 1a 16n hon hoat tai), nén 2 loai tai trong nay wu
tién s dung.

Buéce 2: Xac dinh If, bing qué trinh 2 buée: Buée 1: St dung gid
tri trung binh cho tit ca bién ngiu nhién va 4p dung céc tai trong trit P
1én dén 100 % gi4 tri trung binh, sit dung phan tich phi tuyén truc tiép
dé x4c dinh trang thai can bing ban dAu ctia két ciu; Bude 2: tiép tuc ting
dén tai trong P tit 0 cho dén khi dat diém hu hong, ti¥ d6 tinh dutge hé sb
chiu tai riéng cho P If, = W, / W,, trong d6 W, 1a dugc xem la kha nang
chiu tai ctia céng trinh x4c dinh theo tai trong P. Gid tri trung binh dich
chuyén cho bién ngau nhién tai trong P dugc x4c dinh nhu sau:

tn = Ufp X W, (6)

Dbi v&i cac bién khac p, duge giit nguyén gia tri trung binh gbc.
Cach tiép can 14n gt nay (sequential load factoring) dam bao tinh todn
If phan 4nh ddng tinh déc 14p cla tai trong, khic phuc han ché cta
phuong phép ddng thoi trong [16-18], noi twong tic tai trong bi bo qua
dn dén gi4 tri trung binh c6 thé 1éch khéi viing hu hong ctia két cu.

Buwéc 3: Xac dinh d6 léch chuln g, mét cach ty dong dua trén
phan bd chuén tic (Z-table) va gid tri x4c sut hu hong dy bao ctia cong
trinh Py ;. Gia si viing héng héc gan v&i dudi phai ctia phan b (tail
distribution), tim gi tri Z twong Gng véi xac suit P, & mot phia (one-
tailed). Vi du, néu Pro = 0,001 (0,1%), Z = 3,09 (tt bang Z cho xac
suét 0,001 & dudi phai). Po 1éch chuln ctia ham IS cho bién tai trong P
dugc diéu chinh dong nhu sau:

Opp =ZX0p (7)

trong d6 o, 1a do léch chuén gbc cua tai trong P (ti¥ phan b xé4c
suét ban dau).

Budc 4: Xay dung hp(X) v6i gié tri trung binh va do léch chudn
xac dinh ¢ budc 2 va 3, wéc lwgng Py theo phitong phép EIS & trén.

3. Xay dung khung két hop giita aFIS va cic phuong phap liy
miu mé phéng

3.1. Tém lwoc nguyén ly cdc phwong phdp Idy mdu mé phéng

3.1.1. M6 phéng Monte Carlo (MCS)

MCS 13 phuong phap co ban nhét, duge dé xuit tit nhitng nim
1940 trong céc nghién cttu vat Iy hat nhan va sau d6 4p dung roéng rai
trong k§ thuét do tin cay. Nguyén 1y ctia MCS dua trén dinh luit s 16n
(law of large numbers), st dung cic mau ngiu nhién ddc 14p tit phan
bb xac suit gbc d& mo phong hanh vi hé théng. Qu4 trinh thie hién
MCS bao gdm céc budc sau:

Xéc dinh bién ngiu nhién: M6 hinh héa cic bién X = (xy, x,,...,
Xg) vGi phan bd xac suét phit hop (vi du: normal cho dic tinh vat liéy,
lognormal cho tai trong, Gumbel cho tai gi6 cuc dai).

» Tao miu ngiu nhién: St dung trinh tao s6 ngiu nhién dé tao
N mau X; tif fx(X).

> Panh gia LSF: V&i mbi mau X,, thyc hién phéan tich két ciu
phi tuyén dé tinh g(Xy).

> Uéc lugng Py: Py = -3, I[g(X,) < 0] trong d6 I[g(X,) < 0]
12 ham chi thi (bing 1 néu céng trinh hv hong va bing 0 néu khéng).
Pé wéc lwgng phtong sai, lip MCS nhidu 13n va tinh hé s bién thién

COV. COV ciing c6 thé wdc lwong gin ding theo cong thitc COV ~
(1=Pf)
(NPp)
Uu diém ctia MCS 13 don gian, khong thién vi va chinh xéc véi

N 16n, khéng yéu ciu LSF phai kha vi hodc tuyén tinh. Tuy nhién, nhigce
diém 16n 12 hidu qua thép v6i P; nhé: Dé dat COV = 0,1 v6i P; = 10°*
cAn N=10°, din dén chi phi tinh toan cao do mdi danh gia LSF doi hoi

phan tich phi tuyén tén kém.
3.1.2. Ldy mdu siéu ldp phitong Latin (LHS)

LHS 13 k§ thuat 14y miu phan ting (stratified sampling) duoc
phat trién béi McKay va cs. [19] va cai tién b&i Iman va cs. [20] dé
giam phuwong sai so vGi MCS. Nguyén ly ctia LHS 1a phan chia khong
gian x4c suit thanh céc khoang d&u xéc suit, dam bao mbi chidu ctia
bién ngiu nhién dugc dai dién ddy du, tranh tinh trang 14y mau tap
trung hoic b6 s6t viing nhu trong MCS ngiu nhién thuln tiy.

Qua trinh thyc hién LHS nhu sau:

> Phén ting khéng gian: V&i d bién ngu nhién va N mAu, chia
CDF ctia mbi bién x, thanh N khoang déu xéc suit 1/N. Bbi véi bién
tht k, cac khoang 1a [(-1)/N, j/N] choj = 1,...,N.

> Tao miu trong ting: Trong mbi khoang, 14y mot gia tri ngiu
nhién (thuong & giita khoang dé& giam phuong sai: xi; = B -
0,5)/N)), tao ma tran N x d v&i cac cdt 1a hoan vi ngAu nhién ctia cic
gia tri trong ting dé giam twong quan gitta bién.

» Giam twong quan (néu cin): St dung phrong phap Cholesky
dé didu chinh ma tran miu sao cho phit hop v&i ma trin hiép phwong
sai mong muén.

> Dénh gia va uvéc lvgng: Twong tw MCS, tinh g(X,) va Py.

LHS giam phuong sai wéc lwgng khoang O(1/N?) & mét sb
treong hop, t6t hon O(1/N2) ctia MCS, nh& bao quat déu khong gian
x4c sult. LHS hiéu qua khi sé bién d nho dén trung binh (d < 20), gitp
giam N tit 2-10 13n so véi MCS dé dat ciing d chinh xéc. Tuy nhién,
LHS van yéu ciu N 16n cho Py rat nho va kém hiéu qua néu ving hu

héng tap trung & dudi phan bd, vi khong c6 co ché thich tGng.
3.1.3. M6 phéng Monte Carlo bdn ph&n (QMCS)

QMCS dugc gidi thiéu bdi Sobol [21] va Halton [22], s& dung
diy s ban ngiu nhién (quasi-random) thay vi gia ngau nhién (pseudo-
random) nhu trong MCS va LHS dé dat hdi tu nhanh hon. Nguyén 1y
ctia QMCS 14 tao cdc diém mAu cé tinh ddng déu cao (low discrepancy),
do lugng bing chi s§ discrepancy (sai 1éch so v&i phan b ddng nhét 1y
twéng), gitp bao pht khéng gian xac suit tdt hon MCS. Cac diy ban
ngiu nhién phd bién:

> Day Halton: Dia trén co sé nguyén t8, tao diém bing cich
dao co sé cho titng chidu.

> Diy Sobol: S dung ma tran huéng (direction numbers) dé
tao diy nhi phén, hiéu qua cho khéng gian chidu cao (d < 40).

> Day Niederreiter: Twong tu Sobol nhung t6i wu héa thém.
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Qua trinh QMCS:

> Tao day quasi-random: Tao N diém ddng nhit u; = [0,1]¢ tit
day (vi du: Sobol).

> Chuyén dbdi sang phan bb thue: Ap dung x,; = F'(uy;) cho
titng chiéu k.

» Danh gia LSF va udc lugng: Tuwong ty nhu trong MCS va LHS,
nhung phuong sai giam véi tbe d6 O((log N)4 / N), t6t hon MCS.

QMCS vuot troi trong céc bai ton tich phan da chiéu, giam N tir
10-100 14n so véi MCS dé dat d6 chinh xéc tuwong duong, dac biét cho
Py khong qué nhé. Nhuge diém 14 chi phi tao dy cao hon va hiéu qua
giam & chiéu rat cao (d > 100).

Tém lai, MCS cung cip nén tang don gian nhwng ddi hoi nhidu
mAu nén thoi gian tinh toan 14u. LHS cai thién bing phan tAng dé bao
quat déu hon qua dé giam sb lwgng miu so véi MCS. QMCS nang cao
hoi tu nho ddng déu ban ngiu nhién. Trong khung d& xuét, cic phuwong
phép nay sé duge két hop véi aEIS dé tan dung wu diém, giam s6 miu
cho phén tich d tin ciy gian thép phi tuyén.

3.2. Khung két hop aFEIS va cdc phu'ong phdp lc”iy mdu mé phong

Pé tan dung wu diém ctia ky thuat 14y mau quan trong nang cao
ty thich ng (aEIS) trong viéc tip trung vio ving huw hong hiém gip va
kha ning bao quat déu khong gian xac sut clia cic phwong phap lay
mau mé phéng (MCS, LHS, QMCS), nghién citu nay dé xuit mot khung
két hop linh hoat, nhim giam dang ké sb lugng miu cn thiét va thoi
gian tinh toan trong phén tich dé tin ciy ctia gian thép phi tuyén. Khung
nay hoat déng theo nguyén tic hai giai doan: (1) Ap dung aEIS dé xay
dung ham mat d6 14y mAu quan trong h,(X) dong, dich chuyén trung
tdm va didu chinh d6 léch chun, (2) S& dung phwong phép 1y miu
mo phong dé tao tap miu dé wéc lwgng Pf. Viéc két hop nay khong chi
giam phuong sai wdc ltgng ma con thich ng tét v6i tinh phi tuyén
ctia ham gi¢i han trang théi G(X).

Khung két hop duoc thiét ké tdng quat dé 4p dung véi bat ky
phuong phap 14y miu mé phéng nio (MCS, LHS hodc QMCS), tity thudc
vao dic trng bai todn: MCS phit hop cho bai toan don gian v&i chidu
thép; LHS cho trudng hop cin giam tuong quan bién; QMCS cho khong
gian da chidu v&i hoi tu nhanh. Quy trinh chung ctia khung bao gdm
cac bude sau:

Buéc (1): Xac dinh bién ngﬁu nhién cho bai toén, trong d6 X =
G1evor Vo X1y oy Xm), VG y; 12 bién lién quan dén dic tinh cu tric (hinh
hoc, vat liéu) va x; 1a bién tai trong (tinh tai DL, hoat tai LL, tai gié W).
Chon x,, (Itu y ring c6 thé chon bat ky tai trong nio khic ma ngudi
st dung théy tai trong d6 c6 tinh ngiu nhién manh anh hwéng dén céng
trinh), va ky hiéu téng quat 13 tai trong P, 14 bién xac suit 4p dung
phuong phap aEIS.

Buéc (2): Ap dung aFIS dé xay dyng ham phén bd xac suét 14y
miu quan trong h,(X) stt dung quy trinh 1in lugt clia aEIS (sequential
load factoring): Ap céc tai trong (trit P) dén 100% gi4 tri danh nghia,
sau d6 tang P dén ph4 hoai dé tinh Ify; x4c dinh trung binh dich chuyén

Up = lfp X Wy; tim Z tit bang Z dya trén Py, va diéu chinh Opp =Z X Op.
Céc tham s6 cho bién khéac dugc giit nguyén.

Budc (3): Tao N miu tir Voo s Yo Xy ooy Xm1) béng cac phuong
phép 14y miu mé phong.

Budc (4): Xac dinh kha ning chiu tai cua céng trinh
Ri(i=1,...,N).

Buwéc (5): Thute hién k 14n Lip viéc tao N mau W va wéc lugng
P jtheo IS cho mdi lan lapj =1,..., k.

Budc (6): Xac dinh xac sudt hong héc cubi cling Py = %Zj?:l P .

4.  Vidu ap dung: Gian phing 39 thanh

Trong phén nay, mét gian thép phing ¢6 39 thanh nhw Hinh 1
duoe st dung dé danh gia hiéu qua clia phwong phap duoc d@ xut.
Bién ngiu nhién dwoc xem xét gdm mé-dun dan hdi va @ng suét déo
ctia vat liéu thép, 39 dién tich tiét dién ctia 39 thanh gian va 3 tai trong
(tinh tai, hoat tai, tai trong gi6). Thong tin chi tiét clia 44 bién ngiu
nhién nay dugc cho trong Bang 1, trong d6 gia tri danh dinh cta 39
thanh gian dugc 14y 12 (2700, 200, 800, 5500, 800, 3500, 5500, 300,
5500, 200, 1800, 2400, 2700, 800, 300, 800, 2400, 800, 2700, 3500,
300, 3500, 200, 800, 1400, 1800, 200, 200, 300, 300, 1400, 800, 2400,
200, 1800, 200, 300, 800, 1400) mm? v&i ky hiéu sb thanh dugc cho
trong Hinh 1. Tai trong dugc quy vé tai trong nit va duge dit & toan
bd 16 niit, trong d6 tai trong gi6 c6 phuong ndm ngang. Té hop tai
trong dugc xem xét 13 (1,2DL+ 0,5LL + 1,6W). Chon hoat tai 1a bién xac
sult P diing dé d4nh gi4 hiéu qua ctia phwong phap duge d& xuét.

Pé xac dinh xac sudt hv héng cta két cu, phuong phap MCS
dugc thire hién véi s6 miu 14 1 triéu miu. Két qua thu dugc 1a 3,523E-
04 duoc xem 12 x4c sudt pha hay chinh x4c cta cong trinh dé sit dung
danh gia d6 chinh x4c clia cac thudt toan. EIS va aEIS dugc két hop vai
ca MCS, LHS va QMCS v&i hé sb k 14y bing 100 v&i mbi thuat toan
dugc chay doc 1ap 50 14n dé danh gia su 6n dinh. Vi xéc sudt hu hong
P;=3,523E-04, sai s6 COV khi 14y c& m&u 1a N=1000 dugc wéc lvgng
gan dung 1a: COV = \/?:; ~ 1,685 = 168,5%. bay 1a mot gid tri qua 16n

so v6i hiéu sudt clia cac thudt toan c6 sit dung EIS va aEIS. Do vay,
trong cc két qua trinh bay sau day, hiéu suét clia cdc thuat toan md
phéng MCS, LHS va QMCS sé khong dugc danh gid. Bén ¢& miu duoc
st dung dé tinh to4n 1a N = 128, 256, 512 va 1024.

Bang 2 trinh bay két qua gi4 tri trung binh ctia P¢ thu dugc tir
nhiéu 14n chay khéc nhau ctia cac thudt toan. Ta c6 thé thiy ring, ca 6
thuit toan MCS-EIS, MCS-aEIS, LHS-EIS, LHS-aEIS, QMCS-EIS, va
QMCS-aFIS c6 két qua wéc lwong trung binh cia Py sau 50 14n chay rat
sat v&i két qua xac suét hw hong chinh xc Pr=3.523E-04 ma ta da xéc
dinh & trén. Pidu ndy cho thiy ring ca 6 thuit toan déu dam bao d6
chinh xac khi wéc lvgng gia tri P khi s6 lwgng mau du 16n.
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Sé luong mau
Hinh 2. So sdnh COV giita MCS-EIS va MCS-aEIS
cho gian phing 39 thanh.
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Hinh 1. Gian thép phing gdm 39 thanh. 0.0 . . . )
0 200 400 600 800 1000 1200
Hinh 2 dén Hinh 4 trinh bay so sanh truc tiép hiéu suét clia cac S luong mau
thudt toan thong qua chi s6 COV, phan 4nh kha ning giam sb luwong Hinh 3. So sénh COV gitta LHS-EIS va LHS-aEIS
méiu can thiét. Hinh 2 minh hoa sy so sdnh hiéu sudt giita aEIS va EIS cho gian phéng 39 thanh.
khi két hgp v&i MCS. Luu ¥ ring viée két hgp véi MCS tiong diuong
v6i viéc ap dung EIS va aFEIS doc 1ap. Két qua cho thdy COV ctia MCS- 0.4 " 0.375 u-- QMCS-EIS
aFIS thip hon dang ké so v6i MCS-EIS; cu thé, tai ¢& miu 128, COV clia N i
MCS-aEIS 14 0.320, trong khi cia MGS-EIS 12 0.448. Hinh 3 thé hién so 03 1 o276 T QUSRS
sanh gitta LHS-EIS va LHS-aEIS. Tuong ty, LHS-aEIS dat COV thip hon > 0.266\
dang ké so v&i LHS-EIS; vi dy, tai ¢ mau 256, COV c;ﬁa LHS-EIS 1a 8 02 0.203 \\\“I-OALGS
0,303; trong khi cta LHS-aEIS chi 1a 0,216. Hinh 4 khang dinh thém ST 0.123
hiéu suit vieot tri clia aEIS khi két hop v&i QMCS so v6i EIS, v&i COV 0.1 0121 s
ctia QMCS-aEIS 12 0.087 tai ¢& miu 1024, thip hon so véi 0.123 caa 0.087
QMCS-EIS. Céc két qua nay chitng minh hiéu qua cao hon clia aEIS so 0.0 ' ' ' ' '
0 200 400 600 800 1000 1200

v6i EIS, thong qua viéc giam sb lugng miu cin thiét ¢ wéc lugng Pr.
Két hop cac két qua tit Hinh 2-4, khi tich hop v&i EIS va aEIS, hiéu suit
ctia QMCS vugt tréi hon LHS, va LHS vuieot tri hon MCS. Pidu nay
cung cip co s& cho viéc wu tién két hop QMCS v&i EIS va aEIS trong

So luong mau
Hinh 4. So sdnh COV gitta QMCS-EIS va QMCS-aEIS
cho gian phéng 39 thanh.

céc nghién cttu tiép theo.

Bang 1. Bién nglu nhién trong gian thép phing 39 thanh.

Loai Bién ngiu nhién Gié tri danh nghia Trung binh/ Danh nghia | COV Dang phan b
Mb dun dan hoi E 200 (GPa) 0,993 0,06 Lognormal
Ung suét chay F, 344,5 (MPa) 1,10 0,034 Lognormal
Dién tich tiét dién A, - 1,00 0,10 Normal

Tinh tai DL 40 (KN) 1,05 0,10 Normal

Hoat tai LL 40 (KN) 1,00 0,25 Gumbel

Tai trong gié w 38 (KN) 0,92 0,25 Gumbel
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Bang 2. Gia tri trung binh ctia P cho gian thép 39 thanh.

C& mau 128 256 512 1024

MCS-EIS 3,509E-04 3,534E-04 3,523E-04 3,521E-04
MCS-aEIS 3,353E-04 3,523E-04 3,534E-04 3,508E-04
LHS-EIS 3,527E-04 3,512E-04 3,544E-04 3,509E-04
LHS-aEIS 3,522E-04 3,531E-04 3,519E-04 3,526E-04
QMCS-EIS 3,531E-04 3,519E-04 3,516E-04 3,542E-04
QMCS-aEIS 3,572E-04 3,514E-01 3,525E-04 3,549E-04

5. Két luan [6]. Truong, V. H., Pham, H. A. (2021). Support Vector Machine for Regression

Nghién cttu nay da d& xut mot khung két hop giita ki thuat 1dy
mAu quan trong ning cao ty thich ting (aEIS) va cic phiong phap iy
maiu mé phéng (MCS, LHS, QMCS) nhim nang cao hiéu qua phan tich
xéc suét hu hong ctia két cAu gian thép phi tuyén. Phuong phap aEIS
da cai tién EIS théng qua tinh toan hé sb chiu tai 1in lugt cho titng tai
trong va diéu chinh d6 1éch chuén dong dua trén phan b6 chuén tc. Ap
dung trén gian thép phing 39 thanh véi xdc sudt he héng tham chiéu
3523E-04, cic két qua cho thiy khung két hop, diic biét QMCS-aEIS,
dat COV thép hon dang ké so v&i EIS, giam sb lwvgng miu cin thiét dé
duy tri d6 chinh xac, tit d6 tdi wu héa thoi gian tinh toan cho cac bai
toan phi tuyén phitc tap.

Khung d& xuét khéng chi ning cao d6 tin ciy trong thiét ké két
cAu ma con mo rong Gng dung thute tién, hd tro t6i wu héa va danh gia
rtii ro cho céc cong trinh d4n dung. Hudng phét trién tiép theo c6 thé
tap trung vio tich hop khung nay véi cac thuit todn hoc may dé du
doan viing hu hong tu déng, mé rong dén cac loai két cAu khac nhu
khung thép hoic nha dan dung hoic cac cong trinh cu, va két hop véi
phan tich nhay cam dé xi 1y khong gian bién nglu nhién da chidu cao

hon, nhdm néng cao tinh kha thi trong céc két cAu 16n.
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