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voi K, =diag(&,. &, )va K, =diag(4,.&,) 1a cac ma tran hé sé didu khién, duoc xac
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dinh béng phwong phéap thir ding dan (Trial and error), day la nhitng ma tran dwdng chéo dwong.
Bo diéu khién héi tiép phi tuyén (15) gébm ba thanh phan, méi thanh phan cé6 mét nhiém vu cu thé:

Thanh phan él(q,lf])q‘?+C3(q,(])qy+G(q) dung dé kh chuyén doéng tw do. Thanh phan
(M,,(@My,(q)F.,, —F.,, ) ding d& khir kich thich diéu hoa ctia song bién. Sau ciing, cac thanh
phan M(q){2Aq,+1"A(q,-q,,)}va M(q)(K,q,+K 4, )ln luot ding d& én dinh cac

trang thai q, va q, cta hé.

5. Két luan

Chuing t6i d& xay dwng moét mé hinh toan méi cho can truc container gan trén tau cé ké dén
sy dan hdi clia cap thép, sw dan nhét clia nwéc bién, va kich thich clia séng. Chuang t6i cling da
thiét ké thanh cong mét luat didu khién dwa trén héi tiép tuyén tinh héa va vi phan — ti 1&. Két qua
mé phéng sé dé kiém chirng chéat lwgng clia bd diéu khién nay ddng thoi thiét ké thém mot bo diéu
khién khac sé dwoc trinh bay trong bai bao tiép theo.
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TiNH TOAN DAO PONG XOAN TU DO
CUA THANH THANH MONG TUA TREN CAC GOI CUNG
BANG PHUONG PHAP GIAI PHONG LIEN KET TRUNG GIAN
CALCULATING THE FREE TORSIONAL VIBRATION
OF CONTINUOUS BEAMS WITH THIN-WALLED CROSS-SECTION
BY INTERMEDIATE SUPPORT RELEASE METHOD

TS. TRAN NGOC AN, ThS. LE TUNG ANH
i Khoa Cong trinh, Triong DHHH Viét Nam
Tom tat ’ ) )
Dao dong xoan co val tro quan trong nhw dao dong uon trong tinh toén cau treo day vang
va ddy vong. Trong bai bdo nay, céc téc gid trinh bay phuong phap gidi phong lién két
trung glan dé tinh todn dao déng xodn t do cda thanh thanh mdng tua trén céc gor
cung.
Abstract
Torsional vibration plays an important role as bending vibration in calculating the cable-
stayed bridges and suspension bridges. In this paper, the authors present the
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/ntermedliate support release method to calculate the free forsional vibration of continuous
beams with thin-walled cross-section.

Key words: torsional vibration, continuous beam, intermediate support.

1. D&t van dé

Phwong phap giai phong lién két trung gian, do GS.TSKH Nguyén Van Khang dwa ra [2], d&
dwoc nhom nghién civu tai trworng Pai hoc Bach Khoa Ha Néi tién hanh tinh toan dao déng uén tw
do va dao dong udn cudng birc dudi tac dung clia doan tai trong di dong ctia dam lién tuc trén cac
gbi cng va gbi dan hdi trung gian [3, 4, 5, 6, 7]. Sau day, cac tac gia trinh bay viéc si dung
phwong phap giai phong lién két trung gian dé tinh toan dao dong xoén ty do cla thanh thanh
méng cd thiét dién khong déi twa trén cac gbi clrng. Sau d6, ap dung tinh toan cho mét vi du cu
thé. Tinh toan dao déng udn tw do va dao déng xoén tw do clia thanh thanh méng cé y nghia quan
trong khi xay duwng mé hinh mét cat 2D trong thi nghiém ham gi6 cla cau nhip I&n.

2. Mb hinh tinh toan va phwong trinh dao déng xoan

Xét moé hinh thanh thanh maéng, thiét dién khéng déi, chiéu dai Z, twa trén M gdi cing
(hinh 1). Thanh c6 d6 cing chéng cong vénh £7,, d6 cirng chéng xodn G7,, khéi lwgng trén mot

don vidai 7.
£, Gl m ' ¥
R
d],
f >/ :
4 U\ Hinh 1. M6 hinh nghién cou i’

Xét mét cat thanh thda man mét trong hai gia thiét:
+ Mat cat thanh c¢6 hai truc déi xrng.

+ Mat cat thanh c6 mét truc dbi xirng theo phwong thang ding va bé qua dao déng udn theo
phwong ngang.

Thanh phan momen xoan 77, tac dung Ién phan t6 thanh @ bao goém:

+ Momen quan tinh —(pb/ﬁ+mez)62(p/af
) o)
+ Phan lwc goi d& cirng _Z Mjé’)g(x_ g})dx
=1
¢: Khoang cach gitra khéi tam va tam udn, p,: Khdi lweng riéng cda thanh, /,: Momen
quan tinh cwe clia m&t cat ngang lay véi trong tam clia n6, «: Vi tri gbi cieng thir / 4/ : Phan lyc
tai gbi clrng thi /
Nhw vay, ta c6 phwong trinh dao déng xoan tw do cla thanh thanh méng twa trén cac gbi
cing [1]:
M)
0] 0x' - GLO 9l 0¥ +(p, L+ mE D9l 07 ==y M5 (x-a,) (1)
=1

Trong d6 6(;;—1//) l& ham Delta-Dirac. Ham nay c6 tinh chét:

T/(X)5(x—v/)¢r=/(w)

Diéu kién hinh hoc tai cac gbi cirng:
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(p(a,.,i)=0 , (1’= I,Mg)) )
Cac diéu kién bién [1]:
r=0: 9(0,/)=0=0"p/0r* (0,7); r=1: 9(L,)=0=0"p/ox’*(L,7) (3)

3. Bién déi hé phwong trinh dao ham riéng - dai s6 vé hé phwong trinh vi phan thwong

Ap dung phuong trinh Ritz suy rong va chd y cac diéu kién bién (3), nghiém cla hé phuong
trinh dao ham riéng (1) dwoc tim dwdi dang:

o(x,7) = Za (Hsin [ J (4)

=1

Thé (4) vao (1), ta nhan dwoc phwong trinh:

E/WZ”: (?) a,()sin ('Z x) + G/fi (’Zj a (7)sin (”;X j

r=1

” M2
+(pﬁ/P+me2)Zd,_(1)sin(/7)= -3 95 (v a)

7=1 =1

(5)

Dé don gian, dat /= p,/,+ me, suy ra:

;( J a,(7)sin (;ﬂ xj + G[fg(rzjz a. (2 sm( ) + /;ar (7)sin ( [X)

(6)
= —Z M5 (x-a)

Nhan hai v& phwong trinh trén véi sin[mj rdi tich phan hai vé theo 1 tr 0 — Z,
VA

phwong trinh (6) khi d6 c6 dang:
4 L/\,{s) I
/dJ.(z){E/w(’L”j +G/,(’[j } (f)———jZM@a - a)sm( ’;"jaﬁf (s=1,7) (7)

()Fl

Xét tich phan & vé phai ciia phwong trinh (7), cht y ham Delta-Dirac, ta co:

L9
J.Z/l/g)éx cz)sm[ Ja/’r Z/I/g)sm[ [dj (8)
0 =1
Thay (8) vao (7) ta dwoc phwong trinh vi phan thwong:
4 2 M)
i ST ST 2 ST a, —
18, (N+| £, = | + G| — =- M sin| “= =1, (9)
a)()[ (Lj ,[[H(w) LZ ([j (s=1,7)
Néu ta dwa vao ky hiéu:
0 i r=
5 = / r=.s
1 #hi r#s
Khi d6, phwong trinh (9) sé c6 dang:
4 2 M&
ST G/, (s 2 ST a, —
- (ST D2 s -1, (10)
& Z { ( ] /(LH“’(’) 2 (zj (=12

Dé xac dinh phan Iuc lién két tai cac gdi clrng trung gian, ta viét phwong trinh (10) dwéi dang
ma tran, dat:

alo @ . ali  M=[M0) 2D . ()]
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4 2
Vo] Vyz_g{m(mj =t } (v=1z r=1.7)
/7 \ Z VAR

I:J'(l]. s —slnfizﬂ,- (S=?”’ l'=1,/\/(5’))

Phwong trinh (10) c6 dang:

a=\/a—islM (11)
24

suy ra

SM :%/ [-i+Va] (12)

Do ma trén S, la ma tran chir nhat c& (ﬂx Mg)) nén tich SITS1 la ma tran vudng cap M)

Nhan hai vé phwong trinh (12) véi ma tran SlT ta dwoc:

S;SIMz%/ ST [-ii+ Va] (13)

bat A=S[S, va cha y réang, t diéu kién lién két (0 a, ; 20‘ sm =0, hay
[

Zaf sin -

=1

clrng trung glan

% _0,suyra S;d =0, ti do ta co biéu thirc xac dinh phan lwc lién két tai cac gbi

M= A'SVa (14)
Thé biéu thire (14) vao (11) ta duoc:
i+ S,A7ST-T]Va=0 (15)

trong d6 I la ma tran don vi cap 7. Néu ta ky hiéu C=[SIA'ISIT _1]V thi ta nhan dwoc hé

phwong trinh vi phan thwdng mé ta dao dong xoén tw do cha thanh thanh méng twa trén cac gbi

cng:
a+Ca=0 (16)
hay
(C-oT)a, =0 (17)
Khi d6 phuong trinh dac trung c6 dang:
C-a’1=0 (18)

Giai phwong trinh ddc trwng tim cac tan sé rieng @, thay vao phuwong trinh (17) tim céac
vector riéng d, .
4. Vi du ap dung
Xét vi du tinh toan clia Y. Matsui va T. Hayashikawa [8] theo phwong phap ma tran d6 cing
dong lwc, cac thong s6 cua thanh thanh méng nhuw sau:
£7,=1,336x10""Nm*; ¢7,=2,789x10""Nm*; 7, =1,1023m"; p, =0,7852x10*kg/m’
31,5m 31,5m 31,5m

P NE NG N
< Ca) C rd

Hinh 2. M6 hinh thanh thanh mong twa trén cdc goi cing [8]
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Bang 1. So sénh két qua tinh toén Iy thuyét va két qua theo tai liéu tham khéo [8]

Tan sb Tinh toan Ttiialﬁu Sai sb Tén sb Tinh toan Ttiialir?]u Sai sb

(Hz) ly thuyét khdo (%) (Hz) ly thuyét khdo (%)
J 28,561 28,598 -0,129 Je 60,142 59,687 +0,762
A 28,978 28,935 +0,149 YA 87,293 87,412 -0,136
/s 29,851 29,632 +0,739 T 88,611 88,452 +0,180
A 57,527 57,603 -0,132 Jo 91,326 90,578 +0,826
A 58,380 58,284 +0,165 T 118,237 | 118,411 -0,147

5. Két luan

Phwong phap giadi phong lién két trung gian da dwoc nhdém nghién cru tai trwéng Dai hoc
Bach khoa Ha Noi s& dung dé tinh toan dao dong uén tw do va dao déng udn cuwéng birc clia ddm
lién tuc twa trén cac gbi cirng va gbi dan héi trung gian. Sw so sanh wu, nhwoc diém cla phwong
phap gidi phong lién két trung gian so v&i cac phwong phap khac (phwong phap ma tran do cirng
dong luc, phwong phap 3 mé men, phwong phap chuyén vi, phwong phap ma tran truyén va
phwong phap phan t& httu han) dwoc trinh bay chi tiét trong cac tai liéu [6, 7]. Trong ndi dung bai
bao nay, cac tac gia tiép tuc mé rong phwong phap giai phéng lién két trung gian dé tinh toan dao
dong xodn tw do cta thanh thanh méng, thiét dién khong ddi, twa trén cac gbi cirng, sau dé tinh
toan cho mot vi du cu thé [8]. Cac két qua ly thuyét thu dwoc phu hop tét véi két qua tinh toan
béng phwong phap ma tran do clrng dong lwc trong tai liéu tham khao [8]. Nhirng van dé trinh bay
trong bai bao c6 thé ap dung mé rong tinh toan dao ddng uén - xoén tw do ctia ddm chd cau treo
day vang va day véng (c6 xét dén anh hudng cia hé day treo), tr d6 lam co s& dé tinh toan dao
dong udn - xoan dwéi tac dung cla gio.
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