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TOM TAT

Bai béo trinh bay tang quan vé co si Iy thuyét danh gia da tin cay
ciia ket céu theo cang thire "Ty sd dign tich”. Tir da, nham téc gia st
dung phan mém Maple dé giai phuong trinh vi phan dao déng cho
ket céu khung phang 3 tang va | nhip chiu tai trong dang dang tuén
hoan vai tham sd ddu vao dang s ma. Ap dung cong thic "Ty sd
dién tich" dé danh gia dd tin cdy theo thi gian vé chuyén vi va da
bén cho két céu. Bang thivi ciing khdo st s anh hwdng cia bign da
ti trong dong mir anh hwdng dén da tin cay cia ket céu.

Tir khda: S& mr; phan tich mé; da tin cay mé cia két céu; dao dang
ket céu ca tham s mir,

ABSTRACT

This article presents an overview of the theoretical basis for
assessing the reliability of structures according to the formula
"Area ratio”. From there, the authors used Maple software to solve
the vibration differential equation for a o-storey and |-span flat
frame structure subjected to cyclic dynamic loads with fuzzy input
parameters. Apply the "Area Ratio" formula to evaluate the
reliability over time of displacement and durability of the structure.
At the same time, the influence of fuzzy dynamic |oad amplitude on
the reliability of the structure is also investigated.

Keywords: Fuzzy numbers; fuzzy analysis; Fuzzy reliability of
structures; structural fluctuations with fuzzy parameters.

1.DAT VAN PE

Thong tin khong day dd hay thiéu théng tin trong cac bai toan
ky thuat la van dé phé bién. Su thi€u théng tin dan dén sai léch
trong viéc quan sat xac dinh gia tri clia cac tham s6 dau vao ciing
nhu sai léch cta két qua tinh toan clia cac dai luong dau ra. Cac tham
s6 dau vao va mé hinh két cau clia cong trinh xay dung thudng dugc
thiét 1ap dua vao mat bang, ban vé, viéc do dac, quan sat, kinh
nghiém, hiéu biét chuyén gia, quy chudn va tiéu chuan. Cac yéu té
nay c6 tinh khéng chic chan tadc dd6ng dén két cdu cong trinh, c6 thé
dugc st dung la tham s6 6 tinh ngau nhién, tham sé khoang hay

tham s6 ma. Trong pham vi nghién ctiu cta bai viét, xem cac yéu té
tac dong dén két cau la cac dai lugng cé tinh khong chac chan dugc
biéu dién dudi dang cac s6 ma, khoang gia tri clia cac bién dau vao
dugc tham khao dua trén cac tai liéu trong va ngoai nudc.

TU phan tich trén cho thady, viéc phan tich trang thai két cau cé
tham s6 dau vao khéng chéc chan dudi dang s6 ma la that su can
thiét. Nghién ctu cac phuang phap tinh toan xac dinh néi luc két
cdu cé tham sé dau vao khong chic chan dang s6 md trén co s& su
dung ly thuyét mg la mét van dé dang dugc quan tam clia cac nha
khoa hoc trén thé gidi ciing nhu & Viét Nam [8-10]. Viéc ing dung ly
thuyét md vao nganh ky thuat xay dung dé danh gia do tin cay cho
két cau la mét van dé dang dugc quan tam nghién ctu & Viét Nam.

Nganh Xay dung trong nhiing nam gan day, cac nha nghién ctu
trong va ngoai nudc da cong bé nhiéu bai bao lién quan dén bai
toan danh gia dé tin cay clia két cdu theo cac quan diém ngau nhién,
ma& va khoang [3-10] .V&i nhiéu quan diém va mé hinh danh gia do
tin cay khac nhau, trong bai bdo nay nhém tac gid ap dung mét
quan diém tinh toan danh gia do tin cay cla két ciu theo ly thuyét
md& da dugc trinh bay trong [4] d€ danh gia do tin cay cho két cau
khung phdng 1 nhip 5 tang véi cac bién dau vao la kich thudc tiét
dién, tai trong tac dung va dac trung vat liéu 1a cac tham s6 khéng
chéc chan dang s6 ma.

2.CO SO LY THUYET TiNH TOAN

Cong thiic danh gia vaéi tén goi "Ty s6 dién tich" da dugc trinh
bay chi tiét trong [4]. Céng thic dugc thiét lap trong trudng hop cac
tham s6 &nh hudng dén bai toan danh gia la cac tham sé mg, duoc
thiét 1ap dya trén co's& so sanh tap trang thai ctia két cdu @, vai tap
kha nang cla két ciu R, . Do tin cdy md ctia phan ti két cdu dugc xac
dinh bang cach xét tap M, =R, —Q, 1a khoang an toan. Dya trén

phép toan clia s6 ma dé xac dinh tap mo M, 6 thé xay ra ba
trudng hop nhu trén Hinh 1.
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Hinh 1. Cac truting hop tap mo khoang an toanmo M,
Trén hinh 1a. ta thdy ham thudc clia tip m& M, ndm hoan toan

bén trai truc tung nén do6 khong tin cdy clia né la P=1 hay dé tin cay
Ps=0.
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Trén hinh 1b. ta thdy ham thudc clia tdp m& M, ndm hoan toan
bén phai truc tung nén d6 khong tin cdy clia né la P=0 hay do tin
cay Ps=1.

Trudng hgp téng quat nhu hinh 1c. ta thdy ham thudc cda tap
m& M, c6 mot phan ndm bén trai truc tung va mot phan ndm bén
phai truc tung, d6 khéng tin cdy cda két cau dugc xac dinh bang xac
suat xudt hién phan phan bé bén tréi diém 0 cila khodng m& an toan

J#M
QM IﬂM(X

Theo dinh nghia thi dé tin cdy Ps ctia phan t chinh xac bang xac
xuat khong hong cdia phan tir dugc tinh theo céng thic:

b
f 4 (x)dx
Prob(W, >0)=P, _3_07

- fustoa

Tathdy: Ps+Pr =1 nhutrong dinh nghia d6 tin cay theo mé hinh
ngau nhién.

] 3. l?'NG DUNG PANH GIA DO TIN CAY THEO THOI GIAN cUA

KET CAU KHUNG PHANG CHIU TAI TRONG PONG

3.1 bat bai toan

Vi két cdu khung ngang phéng c6 1 nhip, 5 tdng vdi kich thudc
hinh hoc nhu so d6 Hinh 2. Tac gia st dung thuat toan trong [1], [2]
dé xac dinh chuyén vi dinh va mé men tai chan cot. Tu két qua do,
tinh toan dé tin cay vé diéu kién chuyén vi dinh va diéu kién bén clia
két cau khi chiu tac dung cla tai trong dong F(t)=P.sin(t) dat tai
cac muc san theo phuong ngang. Biét hé s6 can &, bién do tai trong
P vamé dun vat lieu £ 1a cac s6 ma ¢6 gid tri can dudi, gia tri trung
tam va gid tri can trén dugc cho nhu sau:

E=(¢',£9,¢Y)=(0.01,005,0.1); P=(P",P°,P")=(63,70,77)kN ;

E=(F"E,EY)=(2.385,2.65,2.915).10°kN / cm’

Céc s6 liéu kich thuéc dam, cot tat dinh nhu sau: D1 = 25 x 50

(cm); C1 =30x 50 (cm);
D1 o
Cl Cl1 @
D1 -
C1 C1 @
D1
C1 C1 2
D1 5
C1 Cl &
D1 -
Cl Cl @
0 6000 B T

Hinh 2. So d6 kich thudc khung
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Hinh 3. S¢ d0 téi trong tinh

3.2 Két qua phan tich

3.2.1 Mé hinh tinh todn

Tai trong tinh tai va hoat tai clia cdng trinh da dugc thé hién va
tinh todn cu thé trong [1], [2]. S& dung mé hinh tinh toan nhu Hinh
4 véi hé khung dang xét cé 5 bac ty do tuong tng vaéi 5 khéi lugng
tap trung tai cao d6 san dudi tac dung cla tai trong déng. Bai todn
dao ddng chira cac tham s6 khéng chac chan dudi dang tham s6 ma
dugc biéu dién dudi dang phuong trinh vi phan dao déng m& nhu
sau:

[ {5+ %)+ K Tt7} = [F]
trongdo:[ J[ J[]

ma tran can nhét, ma tran do cing va ma tran tai trong dong mo
cla hé két cau.

Ap dung cach giai phuong trinh vi phan dao déng dugc trinh
bay chi tiét & [1], [2] dé xac dinh gia tri chuyén vi dinh ma mé men
tai chan cot ctia hé két cau.

[ J lan lugt la cadc ma tran khoi lugng,

Hinh 4. S¢ d6 tinh dao dong ctia két cdu khung
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3.3.2 Két qua tinh todn

V&i khoang thai gian t =3s da du dé khao sat dugc cac gia tri min
va max cta chuyén vi dinh va mé men tai chan cét chju tai trong
dong. Tién hanh chia thanh 16 budc thoi gian tuong ting vdi cac lat
cat thoi gian tai t0, t1,...t16. Tai mdi lat cat thoi gian st dung phan
mém Maple dé tinh gia tri can dudi, trung tdm va can trén clia sé mg
chuyén vi va mémen md tai chan cot . Tap hop tat ca cac gia tri min
va max theo thdi gian khao sat thi dugc cac dé thi min, max va vé
d6 thi biéu dién chuyén vi dinh va mémen tai chan cét iing vdi tan
s6 dao dong r =0.5@, nhu & Hinh 5 va Hinh 6

Hinh 5. D6 thi chuyén vi mo tai dinh cla két ciu
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Hinh 6. D6 thi mdmen md tai chan cot cta két cau

3.3 Panh gia db tin cdy cho két cau theo céng thic “ty sé
dién tich”

Tu két qua tinh toan cta phuong trinh vi phan dao dong vdi
tham s6 md, ap dung céng thic “ty s6 dién tich” dé tién hanh danh
gia do tin cay vé chuyén vi dinh va d6 tin cay vé do bén clia hé két
cdu theo thai gian.

3.3.1.D6 tin cdy chuyén vi dinh

Chuyén vi dinh cho phép Iay theo tiéu chudn [A] = 1/500 chiéu
cao cla coéng trinh. Chuyén vi cho phép dugc biéu dién dudi dang

s6 m& co gia tri can dudi, giad tri trung tam, gia tri can trén
A=(A'AS,AY)=(33,33,3.3)cm . Ldy két qua chuyén vi dinh ¢6
dang s m& & Hinh 5 va so sanh vai chuyén vj cho phép [A] 13y theo
tiéu chuan. D& thé hién d tin cdy theo thdi gian, nhém tac gia da
tién hanh danh gia d6 tin cay cho ting lat cat thai gian t=0.2s. Danh
gia do tin cay tai mot 14t cat cu thé t=0.4s theo cong thiic “ty s6 dién
tich” da dugc trinh bay trong [4] va cach tinh toan dugc thé hién ro
rang trén Hinh 7. K&t qua do tin cay cla chuyén vi dinh tai t=0.4s la:
Ps=0.715400. TU két qua tinh toan do tin cdy clia chuyén vi dinh cho
ting lat cat thdi gian, két qua vé dé tin cdy cda chuyén vi dinh theo
thai gian dugc thé hién & Bang 1 va do thi thé hién do tin cay va do
khéng tin cay ctia chuyén vi dinh dugc thé hién nhu Hinh 8

N

Hinh 7. M0 hinh tinh d tin cdy chuyén vi mg tai t=0.4s
Bang 1. K&t qua dé tin cay clia chuyén vi dinh theo thai gian

T(s) Chuyén vi dinh
D6 tin cay (Ps) D6 khoéng tin cay(Pf)
0.0 1.000000 0.000000
0.2 1.000000 0.000000
0.4 0.715400 0.284600
0.6 1.000000 0.000000
0.8 0.850989 0.149011
1.0 1.000000 0.000000
1.2 1.000000 0.000000
1.4 0.846737 0.153263
1.6 0.976702 0.023298
1.8 0.917183 0.082817
2.0 0.963574 0.036426
2.2 1.000000 0.000000
24 0.973763 0.026237
2.6 0.968353 0.031647
2.8 0.978653 0.021347
3.0 0.953260 0.046740
Do tin cay cua chuyen vi dinh theo tho glan

Hinh 8. D4 tin cdy cta chuyén vi dinh theo thi gian
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3.3.2 D¢ tin cdy d6 bén theo thaoi gian.

Tai chan cot co kich thudc 1a 30cmx50cm dugc bo tri thép la
6025 vdi dién tich la 24.952 cm?luc doc tuong Ung tai tiét dién do
tai trong tinh tac dung lén két cau la N= 81.802T. Dva vao cach tinh
todn dd dugc trinh bay trong [4] ta xac dinh dugc khd nang
R =(77.888,91.828,106.500) . TU gid tri m& men md tai chan cot va luc

doc N, ta xac dinh ham thuéc trang thai Q. Tu ham thuoc Q va

ham thuoc R, st dung mé hinh giao thoa m& dé tinh d6 tin cay vé
diéu kién bén tai chan cot tng vdi lat cét tai thdi gian t=0.4s va thé
hién nhu Hinh 9. Két qua do tin cay vé diéu kién bén tai thai gian
t=0.4s la: Ps = 0.886396

uix)

x(T.m)

Hinh 9. M6 hinh tinh d9 tin cdy d6 bén m tai t=0.4s

Tién hanh danh gia dé tin cay cho tiing lat cat véi budc thai gian
t=0.2s, két qua do tin cdy do bén theo thai gian Ung vdi ting lat cat
dugc thé hién & Bang 2, dé thi thé hién dé tin cay va dé khéng tin
cdy theo thai gian dugc thé hién nhu & Hinh 10

Bang 2. K&t qua do tin cay do bén theo thaoi gian

Tu bang két qua do tin cay do bén trong thdi gian khao sat la
3.0s dugc thé hién & Bang 2, Bang 3, Hinh 9 va Hinh 10 xéc dinh dugc
dé tin cay ctia chuyén vi dinh I3 P.<min(P!,P?,..,P")=0.715400 Va do tin
cay vé do bén ctia hé két cau la P, <min(P!,P?,..,P")=0.886396 .

Khi tai trong dong tac dung vao hé két cau ding yén thi két cau
chiu mét luc cudng buc dé bat dau dao dong, sau d6 két cau mai
chuyén qua trang théi dao dong theo dang dao déng cua tai trong
tac dung. Vi khoang thai gian dau khi chju tai trong cudng buc thi
két qua chuyén vi dinh va mén men tai chan cét dat gia tri 16n nhat.
Tu két qué danh gia do tin cay vé chuyén vi dinh va do tin cay vé do
bén theo thai gian nhu & Hinh 9 va Hinh 10 cho thay tai thai gian
t=0.4s thé hién d6 tin cay tai thdi gian d6 la nhé nhat trong khoang
thai gian khao sat. K&t qua phan anh dung tinh chat lam viéc cla
cong trinh khi chju tai trong dong.

Hinh 10. D tin cdy vé do bén theo thdi gian

3.3.3 Khdo sdt dé tin cdy theo su thay déi cta bién dé tdi trong tdc
déng mo
Tién hanh khao sét véi cac bién do tai trong md thay déi, bién
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1) Bo ben d6  tdi  trong m&  dugc  khdo  sat  gém:
D6 tin cay (Ps) D6 khong tin cay(Pf) P=(P",P,P¥)=(49.5,55,60.5),(54,60,66),(58.5,65,71.5),(63,70,77),
0.0 1.000000 0.000000 (675,75,82.3),72,80,88)

' ) ) Tuong Ung véi moi bién do tai trong ma, ta ti€én hanh xac dinh
0.2 1.000000 0.000000 chuyén vi dinh va mé men tai chan cét theo thdi gian, xac dinh ham
0a 0.886396 0113604 thudc trang thai Q va kha nang R, tir d6 danh gia do tin cay cta

két cau theo diéu kién chuyén vi va do bén da dugc trinh bay & trén.
0.6 0.994052 0.005948 Tuong ing méi bién do tai trong md, tinh todn do tin cdy cho tiing
0.8 0.926705 0.073295 IéF cat Ehdilgian v? timra dc}\tin céy Ps cho tt‘mg biér} do tai trong mf‘x
d6. Phan tinh toan dugc trinh bay trong phan mém Maple17, két
1.0 1.000000 0.000000 qué dé tin cay theo thai gian cia chuyén vi dinh tng vdi bién d6 tai
12 1000000 0.000000 tr.c,zng mao dqulth,e hlgﬁn o] Bang 3va do‘th\g thAe hlenA mo’l quan P:e
gilra sy thay doi cda bién do6 tai trong ma va do tin cdy clia chuyén
1.4 0.936931 0.063069 vi dinh thé hién & Hinh 11
6 0987961 0012039 - Bang 3.\Ketqua do tin cay cia chuyén vi dinh theo tiing bién d6
tai trong m&
1.8 0.961948 0.038052 Bién d6 tai trong Do tin cay Ps D6 khong tin cay Pf
2.0 0.980522 0.019478 49.5,55,60.5 1.000000 0
2.2 0.995595 0.004405 54,60,66 0.968359 0.031641
24 0.970153 0.029847 58.5,65,71.5 0.863576 0.136424
2.6 0.983340 0.016660 63,70,77 0.715400 0.284600
2.8 0.982906 0.017094 67.5,75,82.5 0.543403 0.456597
3.0 0.978197 0.021803 72,80,88 0.359713 0.640287
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D6 tin cdy ma chuyén vi dinh

=
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botincadyPs ===-- D6 khong tin cay Pf

Hinh 11. Mdi quan hé giita @ tin cdy m& chuyén vi dinh véi sy thay ddi bién do tai
trong md

Tuang tu, xac dinh d6 tin cay Ung véi bién do tai trong thay déi
va khéo sat véi tling lat cat thai gian. Két qua do tin cay theo thdi
gian clia do bén dugc thé hién & Bang 4 va do thi thé hién méi quan
hé gitta su thay d8i bién d6 tai trong md va do tin cay cla do bén
thé hién & Hinh 12

Bang 4. Két qua d6 tin cdy do bén theo tiing bién d6 tai trong
mao

Bién do tai trong Do tin céy Ps D6 khong tin cay Pf
49.5,55,60.5 1.000000 0.000000
54,60,66 0.992852 0.007148
58.5,65,71.5 0.953507 0.046493
63,70,77 0.886396 0.113604
67.5,75,82.5 0.797622 0.202378
72,80,88 0.692035 0.307965
DO tin cay bén culia két cau

1.1

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3 "a'
0.2 e
0.1 o

P IS IS Iy

5 5.5 6 6.5 7 7.5 8 8.5

bétincadyPs ====- D6 khong tin cay Pf

Hinh 12. M6i quan hé giira do tin cay do bén vdi su thay déi bién do tai trong mg

TU d6 thi Hinh 11 va Hinh 12 cho thdy d6 tin cdy cla chuyén vi
va dd tin cay bén cuta két cau cé xu hudng giam dan khi bién dé tai
trong m& tang Ién. Diém giao nhau cta cta dudng thé hién dé tin
cdy va do khong tin cay la vi tri xac suat an toan 50% va xac xuat
hong 13 50%.

4, KET LUAN

Bai bao trinh bay mét ing dung tinh toan xac dinh chuyén vi
dinh va mémen tai chan cét theo thai gian cho két cdu khung phéng
chiu tai trong tac dung dang diéu hoa véi cac tham s6 dau vao dang
s6 ma. TU két qua do, tién hanh xac dinh dé tin cay theo thai gian
cla két cau vé diéu kién chuyén vi dinh va diéu kién dé bén. K&t qua
dd tin cay dugc xac dinh bang cach xac dinh cho ting lat cat thai
gian theo cong thuc “ty s6 dién tich” va vé dugc dé thi dé tin cay clia
chuyén vi dinh va d6 bén theo thai gian . Bén canh d6, khao sat su
thay d8i ctia bién d6 tai trong dong md anh hudng dén do tin cay
cUa két cau. K&t qua do tin cdy cla két cau da dugc tinh toan & trén
sé lam cad s& cho viéc dé xudt cac gidi phap cai tao va gia c6 dé ting
kha nang chiu luc cho hé két cau.
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