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Tom tat: Bai bao trinh bay mat thuat toan gidi bai toan dao dong cho két cdu bang phuong
phap phén t& hitu han trong triromg hop cé tham sé dau vao khong chdc chdn dang sé
khodng. Phép tinh “t6i wu ham s6 khodng” duoc tac gid st dung 1dng ghép vao phuong phap
gidi 1dp Newmark dé duwa ra thuét gidi phwong trinh vi phdn dao dong cua két cu c6 tham sé
khodng.Thudt gidi dwoc 1ap trinh tinh toan trén phan mém Maple theo timg budc thoi gian
trong mién thoi gian khdo sat dao déng cua két cadu. Mét vi du ap dung cho bai toan dao déng
cta khung phdng ma cac phan tir thanh c6 khéi lrong phan bé déu, chju tai trong dong dang
diéu hoa trong trirong hop xét dén moét sé yéu té dau vao la dac trung vét liéu E, téi trong, va
ty sé cadn & dwéi dang cac tham sé khoang.

Abstract: This paper presents a method of analyzing dynamic of structure by Finite element
method (FEM) with interval parameter inputs. “Optimum interval function method” is used and
combined with Newmark-method in order to solve the equation of dynamic . Algorithm is set up
in Maple following step time. A numerical example is presented to demonstrate possible
application of algorithm in which the weight of frame element is distributed uniformly per unit
length of element, the forced harmonic load with parameter inputs like that material property,
load, damping ratio in interval numbers.

Key words: Interval numbers, Interval analysis, Dynamic of structures with interval
parameters, Dynamic of structures with uncertain parameters,Structural system.

1.Dat van dé

Dao déng cong trinh 1a mot van dé da dwoc nghién ctru tir 1au trén thé gidi. O nwéc ta, téc dod
d6 thi hoa dién ra nhanh chéng kéo theo sy ra di cia nhiéu cong trinh cao tang. Van dé
nghién clru dao déng cbébng trinh da va dang dwgc quan tdm & trong va ngoai nuwdc
[5],[6],[71,[8]. C6 nhiéu phwong phap dé phan tich dao déng, cac phwong phap chinh xac vé
co ban la tim cach giai phwong trinh vi phan dao déng dwéi dang giai tich, tuy nhién viéc s
dung phwong phap giai tich thuweéng g&p mét sé khé khan khi bac tw do ctia hé 1&n. Trong thuc
té cac phwong phap tinh gan dungtheo phuwong phap sé da dwoc nghién cliru phat trién va st
dung c6 hiéu qua khi cho két qua véi dd chinh xac da dap (rng yéu cau thiét ké, déng thoi tan
dung dwoc kha nang tinh toan cda may tinh. Trong bai bao nay, phwong trinh vi phan dao
dong cua két cdu cé Ma tran khéi lwong [M] va ma tran do cing [K] dwoc thiét 1ap theo
phuwong phap phan ti hiru han, ma tran can [C] dwoc td hop tuyén tinh theo ma tran dd cing
[K] va ma tran khéi lwong [M] theo cdng thirc clia Rayleigh [6],[9]. Viéc gidi phwong trinh vi
phan dao dong cla két cAu duorc tac gia dé xuat bang cach sir dung Phép tinh “téi vu ham sé
khodng’[2] 1dng ghép vao phwong phap giéi 1ap Newmark dé dwa ra thuat gidi phwong trinh vi



phan dao déng cla két cdu cé tham sb khodng.Thuat giadi dwoc Iap trinh tinh toan trén phan
mém Maple theo tirng buwdc thdi gian trong mién thoi gian khao sat dao déng cua két cau. Mot
vi du 4p dung cho bai toan dao déng cla khung phdng ma cac phan t&r thanh c6 khdi lwong
phan bd déu, chiu tai trong déng dang diéu hoa trong trwdng hop xét dén maét sé yéu td dau
vao la dac trung vat liéu E, tai trong, va ty sé can & dudi dang cac tham sb khoang. Trinh tw
cac budc va so do thuat toan dworc trinh bay chi tiét trong muc 3 bén dwéi.
2. Phwong trinh co ban caa phwong phap PTHH khoang phéan tich dao déng cwdéng birc
Theo nguyén ly cong kha di, mé& rong mét cach ty nhién phwong trinh vi phan dao dong cia
két cau theo phuwong phap PTHH [4],[6],7],[9], ta c6 phwong trinh vi phan dao déng cla két
céu theo phwong phap PTHH c6 tham s khoang nhu sau:
(M]3 + [Cai} + [K]{a} = (Po)sinit (1)

Trong do:

- [K], [M] 1&n lwgt 1a ma tran dd cing, ma trén khéi lwong tbng thé cha hé két cu, c6 dang

ma tran vuéng kich thwéc (nxn) tay thudc vao sb bac tw do cla tat ca cac nat. Di véi két

céu khung phang, ma tran dé cirng va ma tran khdi lwong cia phan t& thanh co lién két

cng hai dau trong hé toa dd dia phwong chira tham sé khodng nhw sau [2]:

EA/I 0 0 —EA/I 0 0
0 12EI/I® 6EI/I? 0 —12EI/I3  6EI/I?
] = 0  6EIJI? 4EI)I 0 —6EI/1?  2EI)L o
¢ —EA/l 0 0 EA/L 0 0
0 —12E[/3 —6EI/I? 0 12E[/I® —6EI/I?
0 6EI/1? El/l 0 —6E[/I? 4EI/l
r2d8 0 0 ia o0 0
0 156b 22[b 0 54b —13Ib
~ ._l o 220b 4?b 0 13Ib -3I%
el=1" 0 2&a 0 0 (3)
0 54b 13lb 0 156b —22Ib
0 —13[b -31*h 0 -22[b 4I%p -
V&i ky hiéu:
L, _PA . _plA
a="5 b=

- E, A1 1, plan lvot la cac dai lwong Modun dan héi, tiét dién ngang, momen quén tinh cla
tiét dién, chiéu dai phan tlr va khéi lwong phan bé theo chiéu dai dwéi dang sé khoang.

Cac ma tran [M] va [K] trong hé toa dd tbng thé cla két cdu dwoc ghép ndi tir cac ma
tran clGa cac phan tl théng qua toa dd cta cac nit. Mudn vay phai quy ddi cac ma tran
khéi lwong phan t&r [,:], ma tran dd cieng phan tl [k,:] trong hé toa dd dia phwong vé hé
toa do tdng thé twong tng la [,] va [k,] theo cong thirc:

[ie] = [T15. [y [T1; [ke] = [T12.[Ke]. [T]

Trong dé: [T], |a ma tran chuyén déi toa do cua tirng phan tl, va c6 cau tric nhu sau:
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V&i a 1a goc lwong giac cha phan tir thanh thi e so véi phwong nam ngang.
- [C]'a ma tran can téng thé cta hé két cdu dwoc tinh bang cach té hop tuyén tinh ctia ma
tran khdi lwong tdng thé [M] va ma tran dod cing tdng thé [K] theo dé nghi cla Rayleigh:
[C] = a[M] + BIK] @)
Vi cac hé sb a va f dwoc xac dinh thong qua 2 tan sé dao ddng riéng tw do w, ,w, va ty
sO can két cau &, & twong tng :

20)1 Wy

a_

(wZ 51 w1-§2)
ﬂ_ ((1)2 52 w1. é:l)

- Véc to lyc kich thich tbng the cta hé sé co dang {Pyi; Pyy; ... Poy )T sini‘t.
3. Mét cach giai phwong trinh dao déng bang phwong phap PTHH khoang
C6 nhiéu phwong phap gidi phwong trinh vi phan (1) dé tim nghiém |a chuyén vi tai cac nat,
trong bai bao nay tac gid s& dung phwong phap Newmark (Newmark — method) két hop véi
phép toan “téi vu khodng” [2] d& dwa ra cach gidi phwong trinh vi phan dao ddng theo phwong
phap PTHH khoang vé&i trinh tw cac bwdc sau:
- Xéc dinh ma tran do cieng téng thé [K].

(5)

- Xéc dinh ma tran khéi lwgng téng thé [M].
- Gidi phwong trinh tan sb: det|[K] — w?.[M]| = 0
- Xac dinh cac hé sbé a, B theo (5).
- Xac dinh ma trén can tong thé [C] theo (4).
- Khir suy bién ma tran [M], [K], [C] bang cach bd di cac hang va cét c6 thanh phan
chuyén vj bang 0.
- S dung phuwong phap Newmark d& dwa hé phwong trinh (1) vé dang cac phwong
trinh dai s6.
- Téi wu chuyén vj dau ra tai cac nit trong ting thoi diém At, st dung két qua dé l1am
dau vao cho budc thdi gian tiép theo.
Do théng sb dau vao chira cac dai lwong khdng chac chan dwéi dang sé khoang nén két qua
dau ra phai & duéi dang sb khoang [a,b]. D& gidi quyét van dé nay, tac xem chuyén vi dau ra
nhw mdt ham theo cac thong sbé dau vao, up.a = f(ug; i), Téi wu ham sé f >(min,
max)[2], luc d& chuyén vi dau ra sé& & dwéi dang sé khodng min <u,,,,< max.Cac buwéc tinh
toan tdi wu va tinh 1&p dé tim chuyén vi trong tirng khodng chia At dwoc tac gia lap trinh va
thwe hién trén phan mém Maple.



So doé thuat toan:

Input .
Kich thu’,c'yc, tiét dién,
tinh chat vat liéu...

Xac dinh ma tran [#,], [k,/]

Xéac dinh ma tran [M], [K]
tdng thé

Giai phwong trinh tan sé:
det|[K] — w?[M]| =0

n nghiém
W1, Wy .y >0

- Chon bwéc thdi gian At.
- Chon 11(0);11(0)
- Tinh :
u(0) = [M]~. [P(O) [c“] i1(0) — [K]u(0)]

[Kerr] = [K]+At2[M]+ €]

AP = AP, + (t[M]+2[5])-ﬁt+2[M]-ﬁt

Au, = [Rerf] 7 ape!

.2 .
M = - Al — 20,

- 4 . .
Aut = A—tzAut - A—tut - Zut

v

Két qua tai thoi diém (t+At):
ut+At = ut + Aut
ut+At = ut + Aut
Upyne = U + Aut

Téi wu

Gan t = (t+Al)

v

Chuyén vj, van téc chuyén vj & gia téc
chuyén vj tai thoi diém t dwéi dang so
khoang.

Hinh 1.So dé thuéat toan phan tich dao déng theo phuong phap PTHH khoéng.

4.Vidu minh hoa
4.1. Sé liéu ddu vao

Cho hé két ciu la khung ngang 1 tang 1 nhip nhw hinh 2, chju tai trong ddng dang diéu hoa

Posin(rt), thdng sé dau vao dwéi dang sb khoang nhuw sau:

= [26,46 ; 27,46]x10° (KN/m?),
A= 20%x20 (cm?),Az= 25x40 (cm?),
l1= 3,6 (M), I.=5 (m),
P,=[20:30] (kN).
r=18(s?),
& =[1;10]%,
p1 = 1 (KN/m), p, = 2,5 (KN/m).

4.2 Trinh tw tinh toan

Po.sin(rt)

E, A
s
E’ Al’ 11 E, Al, 11

Hinh 2. M& hinh khung ngang 1 tdng 1 nhjp



Chia hé két cdu thanh 3 phan t& va danh sb thd tw cac nat nhw hinh 3:

2 @ 3

@ 3

1 4

Hinh 3.So db6 phéan ti két c4u
a. Bang ghi s6 phan tdrva sé nit cda hé
Bang 1. S6 phén tdr va sé nat

Phan ter S6 chuyén vi nat
1 1 2
2 2 3
3 3 4

b. Lap ma trdn dé cimg, ma tran khéi lurong phan ti. St dung cong thire (2),(3) cho phan
t&r thanh lién két hai ddu ngam dé xac dinh ma tran dé cirng va ma tran khéi lwong
phan tl trong hé toa dd dia phwong. Sau dé chuyén vé ma tran tdng thé cla tirng phan

tr theo quan hé :
[l = [T1Z. ). [T1; [ke] = [T1Z.[ker]-[T]

c. Lap matrén doé cung, ma tran khéi luong tong thé cho hé: Theo phwong phap cong dé
clrng truee tiép, ma tran dd cing va ma tran khdi lwong tbng thé 1a ma tran vudng, xac
dinh dwong va cé kich thwdc la 12x12.

d. Kher suy bién ma trdn dé cumg va ma trén khéi luong téng thé: Tai nGt sé 1 va sé 4 1a
lien k&t ngam nén céc thanh phan chuyén vi bang 0. Ma tran dé cing va ma tran khoi
lwong tdng thé sau khi khir suy bién nhu sau:

[12E1, EA 6E1 EA
- 1 2 0 ; 1 _ 2 0 0
3 L, 12 I,
0 EA, 12EI, 6E1, 0 12EI,  6El,
L 5 13 13 13
6E1, 6E1, 4EA, 4EIL 0 6E1, 2E1,
[I?] _ l% l% Ly L l% L
- EA, 12EL, EA, 6E1,
-—= 0 0 —+— 0 >
I, 3 L, 12
12E1, 6E1, EA, 12EI EA,
0 T3 2 0 1 3 1
13 12 I 13 I,
6E1, 2EL 6E1 EA, 4EA, AEIL
0 —— > - +
| 12 L, 12 I, I I, |
156b, + 2a, 0 221,b, a, 0 0
0 2a; + 156b, 221,b, 0 54b, —131,b,
(4] = 221, by 221,b, 412b, + 413b, 0 131,b, —302b,
B a, 0 0 156b; + 2a, 0 221,b,
0 54b, 131,b, 0 2a; + 156b, —221,b,
0 —131,b, —315b, 221, b, —22l,b,  41%2b; + 41%b,]




V&i :

02%x02% 1 025x 043 1
_ — 4y. 1 — — 4.
h=——=7550Mm") L2 12 750 )
_ pl-ll-Al _ 2 . _ pz- lz-AZ _ 5 2 .
a, = o = 0.024(kN.m?); a, = c =2 (kN.m?);
_ pl- llnAl _ 3 2 . _ p2| l2|A2 _ 1 2 .
by = =50 = g750 KN-m*); by = =70 = 335 (kN.m%);

e. Gidi phuong trinh tan sé det|[K] — w?.[M]| = 0 : Xac dinh dwoc 6 tan sé dao dong
riéng theo the tw tdng dan nhw sau:

w; ~ 0,00688423VE(s™1); w, ~ 0,0345745VE (s™1); w5 ~ 0,124117VE(s™1);

w, ~ 0.261923VE(s™D); ws ~ 0.299047VE(s™1); wg ~ 0.3975464+ E(s™1);
f.  Xac dinh cac hé a,Bvéi gid thiét & = & = £=[1;101%

g. Xac dinh vec to téi trong (da khir suy bién): {f} = {B,.sin(rt),0,0,0,0,0}"
h. Ldp Newmark dé gidi hé phuong trinh (1):
- Chon bwéec thdi gian At = 0,015(s).
- Gia thiét tai thoi diém t = 0 chuyén vi va van téc ctia hé bang 0.

Két qua chuyén vj tai cac thoi diém theo phuwong phap PTHH khodng dwoc thé hién &

bang 2 va 3.
Bang 2.Chuyén vj ngang tai nat sé 2 (d/v mm)
t 1At 2At 3At 4At 5At B6At TAt 8At 9At 10At
(s)
Uma 0,312 | 1,755 | 5,065 | 10,313 | 16,821 | 23,298 | 28,150 | 29,896 | 27,571 | 21,031
X 9 9 7 6 6 6 2 4 1
Umi 0.198 | 1,100 | 3,119 | 6,2341 | 9,9859 | 13,611 | 16,247 | 17,165 | 15,940 | 12,587
n 9 7 8 6 9 2 5 8
Bang 3.Chuyén vj ngang tai nat sé 3 (d/v mm)
t 0| 1At 2At 3At 4At 5At B6At TAt 8At 9At 10At
(s)
Uma | 0] 0,305 | 1,741 | 5,045 | 10,288 | 16,794 | 23,270 | 28,123 | 29,872 | 27,552 | 21,000
X 5 3 3 5 3 1 5 6 9 6
Umi | 0]0,194 | 1,091 | 3,106 | 6,2180 | 9,9683 | 13,593 | 16,230 | 17,147 | 15,928 | 12,579
n 6 4 9 3 6 2 5 7
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Hinh 4. B thi chuyén vi ngang tai nat 2 theo thdi gian.
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Hinh 5. D6 thi chuyén vi ngang tai nit 3 theo thi gian.

Nhan xét: Tl két qua tinh toan trong bang 2 va b ang 3 cho thy gia tri chuyén vi ngang tai
nat 3 ludn bé hon tai ndt 2 véi mire sai léch ti da khéng qua 2,0%. Do dé, thuc té khi tinh
toan thiét ké cong trinh gia thiét bé qua anh hwéng cta bién dang doc truc d& don gian trong
tinh toan la chap nhan dwoc.

5. Két luan

Bai bao da trinh bay kha chi tiét mot thuat toan giai bai toan dao doéng cho két cAu bang
phuwong phap phan tir hivu han trong truéng hop c6 tham sb dau vao khéng chéc chan dang
sb khoang. Tac gia da sir dung phép tinh “tdi wu ham sé khoang” I6ng ghép vao phwong phap
gidi 1ap Newmark dé dwa ra thuat giai phwong trinh vi phan dao déng cia két ciu c6 tham sb
khoang. Thuat gidi dwoc lap trinh tinh toan trén phan mém Maple kh& céng phu theo ting
buwdc théi gian trong mién khao sat dao déng cua két ciu. Tuy nhién, vi du tinh toan chi mang



tinh minh hoa cho thuat gidi vi c6 sé bac tw do cta két ciu chwa lon, hwéng nghién ciru tiép
theo nhém tac gia sé xay dwng thuat toan phan tich dao déng cho két ciu khung phang va
khung khéng gian nhiéu tang nhiéu nhip xac dinh phan ng dau ra cta két cdu lam co s& dé
tinh toan danh gia do tin cay cho két cAu.
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