BAI BAO KHOA HOQC

VE MOT SO PHUONG PHAP PANH GIA PO TIN CAY MO
CUA KET CAU

Nguyén Hiung Tuin'

Tém tit: Nghién ciru ndy phdn tich tong quan vé mét sé phwong phdp danh gié dg tin cdy mo két cdu

va cdc ung dung cua chung trong danh gia mirc do an toan.Trén co so cdc két qua phdn tich, mot

phirong phdp danh gid do tin cdy mo sir dung Iy thuyét o tin cdy truyén thong dwoc dé xudt. Dé minh

hoa cho phwong phép d@é xudt, mét vi du s6 dwoc khao sdt.

Tir khéa: Ly thuyét tap mo, ly thuyét xac suat thong ké, d6 tin cay két cdu, do tin cdy mo, chuyén doi

mo - ngau nhién, udn déo cuia dam.

1. PAT VAN PE

Panh gia do tin cay cia két ciu c6 vai trd quan
trong trong viéc kiém tra chit lwong cong trinh
xay dung. Trong Iy thuyét do tin cdy truyén thong
(Nowak, Collins, 2000), (Melchers, Beck, 2018),
cac dai luong dau vao trong bai toan danh gia do
tin cay dugc xem la cac dai luong ngau nhién, mo
ta béng ham mat d6 xac suat. Dua trén co so ly
thuyét xac sudt - théng ké toan hoc va 1y thuyét
qué trinh ngau nhién, do tin cdy cua két cau da
dugc quy dinh trong tiéu chuan xay dung cua cac
nudc tién tién trén thé gioi (ISO 2394: 2015). Tuy
nhién, qua thuc té, nguodi ta nhan théy cac yéu tb
tac dong 1én cong trinh ngay cang phurc tap, mang
tinh bat thuong, khong du diéu kién dé xay dung
quy luat thong ké. Pé mo ta cac dai luong nay, sir
dung 1y thuyét tip md (Dubois, Prade, 1980) la
phu hop hon ca. Tur viéc mo ta nay, hinh thanh cac
phuong phép khac nhau trong danh gid mac do an
toan (dd tin cidy md) cua két ciu. Cho dén nay,
chua c6 phuong phap danh gid d¢ tin cdy mo nao
duoc chép nhan 1a "chuan", dé so sanh mic do
chinh xéc vi cac phuong phap khac. Do vay, bai
bdo nay s& dé cip dén hai ndi dung chinh: phan
tich cac phuong phap danh gia dd tin cdy mo hién
c6 va d& xuit mot phuong phap danh gia do tin
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cdy mo cua két cAu. Phuong phap dé xuét duoc
xay dung trén co so phat trién cac ndi dung da
dugc cong bd trong (Nguyen, Le, 2019). Mot vi
du sb dugc str dung dé so sanh va danh gia.

2. CAC PHUONG PHAP PANH GIA PO
TIN CAY MO CUA KET CAU

Theo cac tai liéu c6 dugc, cac phuong phap
danh gia d6 tin cdy mo cua két cdu duoc chia
thanh hai hudng tiép can chinh, bao gém : cac dai
lwong dau vao 1a cac dai lwong mo, cac dai luong
dau vao gdm ca cac dai luong ngiu nhién va dai
lrong mo. Sau day s€ phan tich cac phuong phap
danh gid trén co s& phan loai nay, vdoi ky hi¢u
chung: R - kha nang hodac ti€u chuin an toan, Q -
trang thai hodc dap ng ung két cau.

2.1. Céc dai lrong dau vao 1a cac dai rong mo

2.1.1. Phuong phdp lit ciit o (Dong et al., 1990)

Hai tap Q va R 1a tap mo chuan, dang tam giac
can (Hinh 1).

o(¥)  r(®)

a. M6 hinh giao thoa Q vaR

b. Hicu M=R - Q

Hinh 1. Phuwong phdp lét cdt o

Khé nang pha hoai m¢ dugc danh gid trén co
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so hai lat cat Q, va R, (Hinh 1.1.a) trong truong
hop R> Q va xéc dinh theo cong thirc (Dong et
al., 1990):

FP=%[T(Q>R)+T(R>Q)] (1)

Goi h 1a tung do ctua canh bén phai tam gidc
mo Q v6i canh bén trai cia tam giac mo R. Do tur
chdi m& duoce xéac dinh theo cong thuc:

FP=h2 )
Va 36 tin cay mo :

SP=1-h2 3)
Trudng hop R < O ¢6 SP=h/2

va FP=1-h2 (4)

C6 thé nhan thdy, FP xac dinh theo cong thirc
(2) 1a gia tri trung binh theo cac do do kha nang va
d6 do can thiét cia sy kién A (Hinh 1.b). That
vy, theo 1y thuyét kha niang (Dubois, Prade,

1988) ta co:
N(A)<FP=P(A)<TIA) (5)
v6i N(A) 1a do do can thiét xac dinh theo
congthire : N(A) =1 — supxea” u(x)=0 (6)
[1(A) 1a @6 do kha nang xac dinh theo cong
thirc : [1(A) = supxea u(x) =h (7)
Vaytadugc: 0<FP<h (8)

Lay trung binh d6 do kha ning (can trén) va do
do can thiét (can dudi) ta dugc FP xac dinh theo
cong thire (2). Tuong tu nhan dugc (4).

Phuong phap lat cit o dua ra cach tinh trung
binh gan dang, viéc chuyén tir biéu thirc logic (1)
sang cong thtrc tinh (2) chi mang tinh quy udc va
tr (2) sang cong thic (3) chi phu hop véi tap mo
dang tam gidc cin c6 chiéu cao bang don vi.
Phuong phap nay chua xét day di anh huong do
rong cua hai tdp mo Q va R.

2.1.2. Phwong phdp ty so giao hi (Lé Xuin
Huynh, Lé Cong Duy, 2007)

Phuong phap ty sb giao hoi duoc xdy dyung trén
co so phép giao (theo luat min) va phép hop (theo
ludt max) cua hai tap mo trang thai Q va kha nang
R, sau d6 danh gia do tir chdi mo bang ty sé két
qué cta phép giao véi két qua phép hoi trong didu
kién an toan chic chin (Hinh 2): FP = (or +
0Q)/(Qr + Q) ©)
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Va 36 tin cady mo:

SP=1-FP=1-(or + ©0)/(Qr +Qq)  (10)

trong d6 g, ®q va Qg, Qg - dién tich giao
nhau va dién tich toan phﬁn cuaR va Q.

Phuong phap ty sé giao hoi da xét dén anh
hudng do rong cua hai tap Q va R. Tuy nhién
trong cac cong thuc xac dinh FP déu can tim
tung do h, tac 1a tim giao giita Q va R. Piéu
nay khong phai lic nao cling thuc hién duogc
nhat 1 khi 2 tap mo Q va R cit nhau nhiéu hon
mot diém.

2.1.3. Phwong phdp ty sé dién tich (Sherstha,
Duckstein, 1997)

Trong phuong phap ty sé dién tich, sé mo M 1a
hiéu cua Q va R duoc sir dung dé danh gid. D tin
cay mo SP duoc xac dinh tir phﬁn dién tich duong,
bén phai cta d6 thi ham thudc py(x) (Hinh 3):

O My (x)dx

Sp=20
O My (x)dx

(11)

Trong (Park et al., 2012), cac tac gia da ap
dung phuong phép ty sb dién tich dé xac dinh do
tin cdy mo ddi v6i bai toan on dinh chdng truot
ctia d4 trong truong hop M 1a sb mo tam giac va
s6 mo hinh thang. Trong (Nguyén Hung Tuén, Lé
Xuan Huynh, 2011), céc tic gida da mo rong y
tudng cua cong thie ty sb dién tich dbi véi truong
hop M la s6 mo 3D, ap dung danh gia do tin cay
mo cua cot BTCT.

Phuong phap ty sé dién tich phu hop véi y
nghia hinh hoc cua dinh nghia x4c suat néu trong
(DeGroot, Schervish, 2012). Tuy nhién, khac véi
Iy thuyét xac suat, ly thuyét mo cung cdp mot
phuong phap dé “chinh xac hod” nhitng cai khong
chéc chén chu quan trén cac su kién khach quan,
khong c6 danh gia vé xac suit theo dinh nghia do
tin cdy. Hon nita, caic d0 do mo khong co tinh
cong tinh nhu d6 do xac suit. Vi vay, khi tinh d6
tin cdy md cua hé thdng mic ndi tiép va song
song, cac tac gia (Sherstha, Duckstein, 1997) lan
luot sir dung luat min (d6i voi phép giao), va luat
max (d6i voi phép hoi). Do d6, do tin cdy md SP
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xac dinh theo cong thie (11) thyuc chét 1a mot do
do mo, mang mdt khai ni€ém twong tu vdi do tin

cdy P, theo dinh nghia trong 1y thuyét do tin cay
truyén thong.

FP=1-SP

Hinh 2. Phuwong phdp ty sé giao hoi

2.3. Cac dai lwgng diu vio gom cac dai lwong
ngiu nhién va dai lwgng mé

2.3.1. M6 hinh giao thoa mé - ngau nhién (Li
Bing et al., 2000; Jiang, Chen, 2003; Tang et al.,
2013; Zhang et al., 2018)

Trong md hinh giao thoa md - ngau nhién (Li
Bing et al., 2000), theo dinh nghia xac sudt mo
ctia L.Zadeh, d6 tir chdi mo 1a phan dién tich gach
chéo trén Hinh 4, dugc xac dinh theo cong thic:

FP =] py(x).fr(x)dx (12)
Vadd tin cay mo duge xac dinh:
SP=1-FP (13)

a
o) f(x) fe(x)

»

0 X

Hinh 4. M6 hinh giao thoa mo - ngdau nhién

Phuong phép sir dung mé hinh giao thoa mo -
ngiu nhién 1a phuong phap gan dang vi mot trong
hai tap Q hodc R 1a mo nhung khong str dung ham
mat d6 xac suat mo f(x) ma thay bang ham thudc
u(x). Hai ham duéi ddu tich phan trong (12)
khong cung dd do, dién tich duong cong f(x) vadi
truc hoanh bang don vi con p(x) thi khac.

Dé khic phuc han ché nay, (Jiang, Chen, 2003)
da chuyén ddi céc tap cit o cua cuong do vat liéu
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>
X 0 X

Hinh 3. Phwong phdp ty s6 dién tich

mo thanh ham mat do phan phdi xac suit tuyén
tinh, sau d6 xac dinh do tin cay tai cac tap cit o
theo dinh nghia 1y thuyét xac suat thong ké. Do tin
cdy mo duge tinh theo trung binh cua tong hiru
han cac d6 tin cdy trén cac tap cit o. Dé giam khéi
luong tinh todn, (Tang et al., 2013) da sir dung
cong thuc tich phan Gauss-Legendre. Cac phuong
phap nay di khic phuc dugc hai ham dudi dau
tich phan trong (12) khong cung d¢ do, tuy nhién
quy tic chuyén doi tir dai lvong md vé dai luong
ngau nhién trinh bay trong phuong phép nay chwa
thyuc su 10 rang.

MGt cach tiép can khac dé han ché viéc khong
cung d6 do trong cong thuc (12) da duogc cac tac
gia (Zhang et al., 2018) dé xuat. (Zhang et al.,
2018) da sir dung nguyén Iy bit dinh bat bién
(uncertainty invariance principle) ctua (Klir 2005)
dé chuyén dbi sé mo Q vé ham mat do phan phdi
X4c sudt chuin tuong duong. Do do, bai toan do
tin cdy mo s& dugc chuyén vé bai toan do tin cay
truyén thong. Tuy nhién, han ché cia phuong
phap chuyén d6i nay 1a sir dung nhiéu gia thiét (ba
gia thiét) va trong mot s trudng hop khong tuan
thi nguyén ly dé)ng nhit 6 do kha nang/ xac suit
(Dubois, Prade, 1980).

2.3.2. Ham trang thdi gioi han chira cac dai
lwong ngdau nhién, dgi lwong mo (Chakraborty,
Sam, 2007; Sam, Chakraborty, 2013; Balu, Rao,
2014; Lijie et al., 2015)

Trong (Chakraborty, Sam, 2007), cac tac gia da
str dung dong thoi nguyén 1y bt dinh bit bién va
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ty 16 ty s6 (Klir, 2005) dé chuyén dbi dai lwong
mo vé dai lugng ngiu nhién va dua bai toan d6 tin
cdy mo vé bai toan do tin cdy truyén thong. Ngoai
ra, cic tac gia ciing st dung cac két qua nghién
ctru (Ferrari, Savoia, 1998; Savoia, 2002) dé xéac
dinh bién trén va bién dudi cua do tin cay. Cac két
qua nghién ctru cho thfiy chi s6 d6 tin cdy nhan
duogc khi sir dung nguyén 1y bat dinh bét bién va
ty 1€ ty sb trong chuyén ddi tir dai lugng mo sang
dai lugng ngiu nhién it c6 sy khac biét. Tuy
nhién, c6 sy chénh léch dang ké gitra do tin cay
bién trén va bién dudi theo 1y thuyét bang ching,
cling nhu su chénh léch gifra cac d9 tin cdy nay so
v6i do tin cdy thu duoc theo chuyén dbi tir dai
lwgng mo sang dai lwong ngiu nhién. Céc tac gia
(Sam, Chakraborty, 2013) da thuc hién chuyén doi
tir dai lwong ngiu nhién chuyén vé sé mo tam giac
can su dung do do entropy va dua ra céach tinh
toan kha nang hu hong (the possibility of failure).
Két qua khao sat cho thiy sy léch dang ké giira
kha nang hu hong va d6 tir chbi do trong qua trinh
chuyén d6i, mot s6 thong tin mat di khi chuyén tir
dai luong ngau nhién sang dai lugng mo, va mot
s6 thong tin duoc thém vao khi chuyén tir dai
lugng md sang dai lwgng ngau nhién theo nguyén
1y bat dinh bt bién.

Khac véi cach tiép can trén, cac tic gia (Balu,
Rao, 2014) quan niém do tin cay la mot sb mo va
chia ham trang thai gi6i han thanh hai phan: mot
phﬁn chi chira cac dai lwong ngiu nhién va mot
phﬁn chi chura cac dai lugng mo. B9 tin cdy Gng
voi mdi lat cit o thu dugc thong qua viée giai bai
toan tdi uu, st dung bién d6i nhanh Fourier (fast
Fourier transform) dé tinh toan.

Trong (Lijie et al., 2015), dé phan anh mot
cach tryc quan d¢ tin cady mo, cac tac gia da dua ra
ba chi s d6 tin cdy: chi sb do tin cdy khoang
(interval reliability index) la trung binh cta can
dudi va cén trén do tin cdy, chi s do tin cay
trung binh (mean reliability index) la trung binh
ctia hai chi s d6 tin cay khoang & can duéi va can
trén, chi s6 do tin cdy s6 (numerical reliability
index) 1a ky vong cua do tin cdy.
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3. PE XUAT PHUONG PHAP DANH GIA
PO TIN CAY MO

3.1. Phuwong phap danh gia dg tin ciy mo

Qua phan tich cac phuong phap danh gia do tin
cdy mo hién co, nhan thay viée sir dung Iy thuyét
d6 tin cdy truyén théng nhu mot co sé dé danh gia
d6 tin cady mo 1a mot hudng tiép can ding dan, do
Iy thuyét xac suat truyén théng van giit dugc tinh
tro1 trong truong cac d¢ do (Dubois et al., 2004)
va thiét 1ap tot trong bai toan ra quyét dinh
(Smets, 1990). Bé thuc hién dugc didu nay, cac
dai lugng dau vao mo can duge chuyén ddi thanh
cac dai luong ngau nhién twong duong. TU goc
nhin k¥ thuét, ham mat d¢ phan phéi chuén dugc
st dung. V6i y tudng nay, tac gia dé xuit mot
phuong phép danh gid dd tin cdy mo su dung ly
thuyét do tin cdy truyén théng. Sau day s& trinh
bay céc ndi dung chinh ctia phuong phap dé xuét.

3.1.1 Cac dic trung cua ham mdt do phdn
phéi chudn twong dwong (Nguyen, Le, 2019)

Xét s6 mo tam giac can ¥ = (a,l),,, trong d6

a- gid tri trung tam, 1 - do rong (trdi, phai), st
dung phép ddi bién (Nguyén Hung Tuin nnk,
2015), s6 m& chuan X =(0,1),, duoc xac dinh
theo cong thirc:

i (14)

[
St dung nguyén ly thong tin khong day du

(Dubois, 2006), chuyén dbi tir sé md chuén thanh
dai lugng ngau nhién twong dwong c6 ham mat do

X =

phan phdi xac suét p(x):

—lln(—x) X € [-1,0)
? (15)

p(x) =
—Eln(x) ;xe(0,1]

Pé xéc dinh d6 léch chuén cta bién ng?iu nhién
chuan twong duong X, ~ N(0,0), sai léch giira x4c
sudt cua sy kién A ddi vi ham mat do phan phdi
xac sut p(x) va ham mat d6 phan phdi xac suat
chuén p;(x) phai dat tbi thiéu:

)

F(a)=j(p(,4) —R(A))zcmf I
-1 - JTO

(16)

dx —min
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trong do

=) (17)

Y ero

P(A) = %[x—xln(—x) + 1] (18)

R()=] Jzi =2 (19)
“N2mo

Dbi voi chuyén dbi nguge tir bién ngiu nhién
chuén vé bién mo twong duong, sai 1éch vé do do
kha ning giita bién mo twong duong cia bién
ngiu nhién chuin duoc xac dinh theo nguyén ly
dic trung 16n nhat (Dubois et al., 1993) véi bién
mo chuan phai dat téi thiéu:

G(o) = j(nl (x) - 7(x)) dx + j 7 (x)dx — min  (20)

-1 0

trong d6 n(x) = I+ x

21

7 () =m(-x)= [ pdy+ [ p(dy (22)

60

Dé giai bai toan tdi wu da muc tiéu (16) va
(22), dua vé bai toan toi vu mot muc tiéu su dung
trong s

H(o) =yF(o) + (1-y)G(c) — min

trong do y €[0,1].

Pé giai (23), thuat giai di truyén GA trong
Matlab dugc st dung.

(23)

Két qua khao sat chi tiét cho thay sai léch
chuan o ty 18 nghich véi gia tri trong sb y. Cubi
cung, chuyén d6i tir bién mo gbc X =(a;.1;),,
thanh bién ngiu nhién chuin twong duong x; ~
N(, o) tai cac gia tri trong s y= 0.5, 1.0, 0 lan
lwot cho két qua nhu sau:

-Khitrong s6y=0.5: wi=a;, 6;=04761 (24.a)

-Khitrong s6y=1.0: wi=a;, 5;=0.2881 (24.b)

-Khitrongséy=0 : pi=a, 5;=0.6401 (24.c)

3.1.2. D¢ tin cdy mo trung tim, dp léch chuin
ciia dj tin cdy mo

Sau khi chuyén déi s6 mod chudn thanh ho cac
dai lugng ngiu nhién chuén, bai toan do tin cay
mo s& duoc chuyén thanh cac bai toan do tin cay
tmyén théng. Dé dang nhan thfiy, do tin cay
truyén thong thu dugc sé bién thién theo do léch o
ctia bién ngiu nhién chuin twong duong. Do do,
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dd tin cay mo dugc xem xét 1a mot dai lugng ngau
nhién c6 cac dic trung 1a gia tri trung binh va do
léch chuan.

Dé xac dinh db tin cdy mo trung tam FR,, cac
gia tri trung binh va dd lé€ch cua bién ngau nhién
chuan twong duong trong cong thirc (24.2) duoc
st dung.

Dé xac dinh do léch cua do tin cidy md, s&
phai thuc hién véi sb Iwong 16n cac bai toan do
tin cdy tuong ung véi cac gia tri d§ 1éch cua
bién ngiu nhién chuin twong dwong khac nhau.
Tuy nhién, c6 thé giam khéi luong tinh toan
bang cach sir dung thiét k& mau hdn hop trung
tam (the central composite design) trong phuong
phap mat dap ung (Mason et al., 2003). Khi do,
d6 1éch chuan cua do tin cdy mo duoc xac dinh
theo cong thirc sau:

m

> (FR, ~FR))

O =\" (m—1) (25)

trong d6 o,,la do léch cua do tin cdy mo;

FR is 1a 0 tin cdy mo trung tam ;

FRSk 1a gi4 tri do tin cdy tai mau thi k cua thiét
ké miu hdn hop trung tim, v&i gia tri trung binh
va do léch cua bién ngdu nhién chudn tuong
duong xac dinh theo cdc cong thuc (24.b) va
(24.c); m is tong sé lan chay trong thiét ké miu
hdn hop trung tAm: m = 2™+2n, véi n 1a s lwong
cac bién mo.

3.1.3. D¢ tin cdy mo cudi cing

Dé xét anh huong d6 1éch cua do tin cdy mo, do
tin cdy mo cudi cung duoc sir dung dé so sanh voi
d6 tin cay cho phép trong cac tiéu chuan xay dung.
Trén co s& quy tic 3o trong Iy thuyét xac suit
thong ké, d6 tin cdy mo cudi cung FR, dugc xac
dinh theo cong thuc sau:

FR =FR, -30,, (26)

Khi s6 lugng bién mo n =1, do tin cdy mo cudi
cung duogc xac dinh theo cong thure:

FR, =min(FR,,FR,) (27)

trong d6 FR; = Py(x1, xg), FR; = Py(x2, xr) v6i
x; and X, 14 cac bién ngiu nhién trong duong, cé
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gia tri trung binh ; va d6 1éch o; dugc xac dinh
theo cac cong thuc (24.b) va (24.c); xg 1a tap
hop cac dai lugng dau vao ngau nhién cta bai toan
dd tin cay mo.

3.2. Vi du minh hga

Xac dinh d6 tin cdy theo quan diém tai trong
giéi han ctia dam thép co tiét dién chit nhat (bxh)

"\\Q

Hinh 5. Dam thép don gian, hai dau khop

Do dam tinh dinh nén theo phuong phap tai
trong gidi han (Case et al., 1999), dam bién hinh
khi xut hién mot khép déo tai C. So d6 pha hoai
déo cua h¢ duoc thé hién trén Hinh 6.

Theo nguyén Iy cong kha di, can bang cong ndi
luc sinh ra boi khép déo véi cong cua ngoai luc
sinh ra boi tai trong phan bd déu q va tai trong tap
trung P, thu dugc:

ql> Pl
"8 4 (28)
2
trongdo M, =oW,,voi W, =bﬁl .

Do d6, ham trang thai gi6i han theo quan diém
pha hoai déo dugc xac dinh nhu sau:

= (6x10) cm cho trén Hinh 5. Biét cuong d6 chay
cua vat liéu &, (don vi: kN/cm?), tai trong phan bd
déu G (don vi: kN/m), tai trong tap trung P (don
vi: kN), chiéu dai ddm L (don vi: m) 1 céc sb mo
tam giac can :

&, =25, D> §= OV P=(122),4, L=(4,02),.

CIMP PMP

f
y v v v v ¥y vy oy
A 9}/

Hinh 6. So' @6 hinh thanh khép déo

*B

gL'  PL

8.W, 4.W,
D¢ tin cady mo tinh toan theo phuong phap lat
cit o: FRp = 0.956238
D¢ tin cdy mo tinh todn theo phuong phap ty
sd dién tich: FRs = 0.995847
Chénh I¢ch giira hai phuong phap:
FR,—FR
M =3.9774% (30)

gx)=0, - (29)

¢ =100.

S
Két qua tinh toan theo phwong phap dé xuét,
trong d6 do tin cdy truyén théng sir dung phuong
phdp do tin cdy bac hai SORM (Zhao, Ono,
1999a) va chénh léch so v&i phuong phép ty sb
dién tich dugc thé hién ¢ Bang 1.

Biang 1. Két qua tinh toan theo phwong phap dé xuat

Do tin cdy mo Phuong phap dé xuét Phuong phép ty sb dién tich Chénh léch (%)
FR, 0.999983 0.995847 0.4153
FR, 0.998923 0.995847 0.3089

4. KET LUAN va st dung 1y thuyét do tin cdy truyén thdng.

- Bai bao di phén tich wu, nhuge diém cac
phuong phap danh gia d6 tin cdy mo hién co va
phéan loai cac phuong phép nay theo cac hudng
tiép can khac nhau. Tir d6 dé xuit mot phuong
phap danh gia d6 tin cdy md trén co s& chuyén
d6i tir dai lugng mo sang dai luong ngiu nhién
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Thong qua cac két qua khao sat sb tai (Nguyen,
Le, 2019) va trong bai bio niay, nhan thdy
phuong phap dé xuit mang dung ¥ nghia do tin
cdy trong 1y thuyét xac sudt thong ké va co thé
duoc st dung dé so sanh voi d6 tin cay cho phép
trong cac ti€u chuin xay dung.
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- Vi cach tiép can trén, hudng nghién ctru tiép  hop s6 mo dau vao 1a cac tam giac khong can dé tinh
theo 1a phat trién phuong phap dé xuit cho trudng  toan cho 16p cac bai toan rong hon trong thuc té.
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Abstract:
ON THE METHODS FOR ASSESSING FUZZY RELIABILITY OF STRUCTURES

This study is focussed on analyzing the overview of the methods utilized to assess fuzzy reliability of
structures as well as their application for evaluating safety level. Based on these results, a method for
calculating fuzzy reliability using the classical reliability theory is proposed. In order to illustrate the
proposed method, a numerical example is surveyed.

Keywords: Fuzzy sets theory, probability theory, reliability of structures, fuzzy reliability, possibility-
probability transformations, plastic bending of beams.
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