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DAO 50NG XOAN ¢UA cAu TREOC DAM CU’NG
V&I TIET DIEN NGANG BIEN DOB

NGUYEN VAN TINH
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§ PAT VAN PE

Bﬁ phan tich diy d& céc tinh chit dong luc cia ciu treo cin phidi biét duge tin s6

dao dong riéng xodn cla ciu. Phin 16n céc tai lieu dd biét chi moi gidi quyét bai
toan dao dong xofn clia ciu treo dim clrng voi, 1iét dién ngang khong ddi (1,2, 3],
A.V. Smirmov [4] tinh dao ddng xoin chia ciu treo cb tiét dién ngang bién ddi dang
hinh sin va gidi béng phuong phap gin dang Bubnov Galerkin. :

Trong bai mdy s& gidi bai toin dao ddng xoin ddi véi ciu treo co tiél dién ngang
bién d6i bing phwong phiap ma iran chuyen 1i€p, moét phwrong phip cho phép ta lép )
chuong trinh mdy tinh thudn tién. :

§1. XAC PINH MA TRAN CHUYEN TIEP

Trong triéng hop ciu treo dim citng véi tiét dién ngang bién d6i, ta c6 the xem
gin dang Ia tiét dién & mdi doan [i — 1, 1] clia ciu 12 hing s6. BSi voi doan [i— 1. i] do°
phuong trinh dao déng xodn viét dwoc:
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3" (x, ) 220 (x, ) b* 3% (x, v
Blomma ~ 0 R Ty T
. Hua , 0% (x, D
+ bq Hg + 2mp T =0 (1.1
Trong d6:

6 — goc xodn [h.1]

b~ chiéu rfng cifa ciu,

E — m6 dun dan hoi udn, G — mo dun dan L6i xoin
Jp — md men quan linh tinh ¢ha ti&t dién,

J¢ — md men quan tinh xofn thulin tay.

p — ban kinbk quan tinh cda tiét dién ngang,

q  — trong lugng mot don vi dai cta ciu,

m — khéi lwong mét don vi dai clia chu,
Hinh 1 Hgy — lyc kéo ngang tinh trong cép,

Ha — lgc kéo ngang dong trong cap.
Ddt véi phuong trinh trén ta tim nghiém duwdi dang

= B(x)e' 0t Hy = Hae'®w!
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Say khi thay cdc dai legng trén vao phirong trinh (1.1 la nhan dugc:

r b DI }I i
EJ 0 () — (GIa + — Hy 67 (0 = 2mp @’ (x) + bg Hd =0 (1.2)
Nghi¢m tong quat cla phuong trinh (1.2) duge xac dinh:
o Ay Aq As As bqH :
T : 9-—-C1ch-—-—~>x+Cgsh-~ﬂx+Cgcos*——\+Clsm—-—x+—~——%~—d——— (1.3)
[ ai ai aj 2mp @2Hg
’ Trong do .

L ai — chidu dai ctia doan [i—~1 i]
Lo o ~— tin s6 dao dong xodn cha ciu,
- con, At va Ay 13 cac nghiém cha phwong trinh dic frung duge lmh theo cong thuc

!

“san day:

CpE

Ja + —H 9 % :

' Gla -+ = Hy ' 8EJymp w? <

?\.1»2 = _—_—m’)EJ i 1 + 1 + bcz b (1.4)
i “mlw : (GJd +— Hg)

/ Tuong tu nhu trong tai'ligu [5], quan he Phu thudce giita 9 va Ha viét duge bing

» bxeu thuc

l
l b
) Halth _ _bq 8 (v)dx (1:5)
E(;Fc . g
V)
k -
v = > aj, f— do vong cha dizdm gxua cap, h¢ sé ¥ dugce linh:
i=1
1662
=14 —5
.

EcFo — d6 ben kéo cia cap
' Trén co sé ding thtre (1.3) va (1.5) ta nhin dugc nghiém tdng quat sau day; sau
khi bién dbi va thye hién- cdc phap tinh toan phu:

A A 5
0=y (Ch 2o+ c?) + Ca (sh——‘—x+ c§)

a ai (1. 6)
Ao ¢ N 2
+ Ca | cos x+ Cy )+ Cy fsin x+ Cy
aj aj .
. s . [ " s )
| Vo SO = — o ——-—7\1, ch == (1—rch~—ﬁ7n),. C3 = —sin— Ay,
[l . Ay a1 M a1 Ay
5 . baigk hqEcFe
}’ ‘ CZ( = L (1 — ¢OS —~[- Ao ), = = 31([ s K = MBele (1.7)
s aj 2mp w*Hg — bqlK ‘ 21Hg
T phuong trinh (1.6) ta tinh cac dao ham cta ham 80} to] dao ham bic bdn, i 46 ta
:nhin dwoe:
8(x) o+ chxui C4 4+ shxw C3 + coszus C% + sinzu C1
RS uyshany u1éhscu1 ' —u2sinxus u2c0sTuY Ca
B(x) | _ » . _ ' e
Ely - _“% chxw -—u%shxm uc:; cosTus u%sinxuz C3 (1.8)
L{x) 2 3 3 9 EN - 2
I (u"uy —n; shau(upui —ua))chrur —(0 up +ugdsinauy (Wna+ ujlcosxua | | Co
\ w . / Y !
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40 dang ngan goi:

[T) = Tuw] o]

(1)
bﬁ
] . A Ao &Ig + ‘-2—— Hg
ang dé: ug = * Ug = = u o= e
7 ai 2j Edey

Blz).= —EJ,0" - —Bi mé men

/. b? v e " '
Lix) = (\GJd-i— = Hg) 8'—EJ,0 - mé men xoin.
a ky higg:
| [Te=0) = {14}, [u@z=0)] = [wo]
e IT@=ad} = f1:} . [wlz=20] = {ulad].
u tir dang thire (1.9 viét dwee:

[Tit) = [Ui(ﬂ)]‘ {C,

il

- &
rong 46 /
S R gt e
ul 0 uz )
[ui0)] = \ (1.10)
- 0 B 3 0
0 u2u1 - i 0 uwuz + u§
& 46 ‘
fef = Twl] Tisy] (1.11)
Thay ding thirc trén vao phuong trinh (L.1) ta dugc:
T} = ()] fwlo] {1} | : (1 1%
va tir do rat ra -
.} —1 . ;
(T} = loia0] (o, 0 Ti} (113
Ma fran [u,“l(())} ta tinh tiy bidy thoe (110
. i
u% ugm ~ {1 4 C‘;) ugw \
vy viv2 Vi vrva
3 3
w4 v, ) e
[y~ 1 - 6 . f 0 o)
0] = v 2 : (1.14)
2 2 2
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Yi Viva vy viv:
ude. 4%
o ! 0 a
V3 vy /
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trong do:

vi = ui(l +'CT)+ u?(l + C§), vy = u1u2+ ugu?, vy = — ulC"Zﬁr ugC‘; ,

5’4:: C:‘(uzu} — u?)— C‘; (u’uy + u‘;)f (1.}15?)

Sau ‘khi thay x = a; vdo ma irdn fuit@)] tie p.hucng trinh (1.8} ta nhan dugc:

C:‘ +chhy C; + shh C‘; + cosha CZ“ + sinAz %
\ uishAi uich Ay — ugsin Ay uzc0s Aa ‘
[uita} = ~u?éh7»1 —u?sh M ugco;‘;?\g ) ugéinkg E ' (1.16)
(u’u; - u?)sh?n (u% - qi’)ch?\l (uug — ug)sinlg V(uguz - ug)coslz

P didu kién can bing ciia mut «i» ta nhan duoc ma trin nit:

1t 6 0 0
0 1 0 0 S
(wil=] "¢ & 1 o (1.17)
Ly 00 1 _| '
voi: » | = T, | _\
Cudi cung ta viét duge ma trén chuyén tiép cho méi doan:
(Pi] = [wil [witap] [u '@ (118)
b6t véi ciu treo ¢d k doan: :
k
() =11 (] (1.19)
i=1 .

Con d8i véi cac dao d0ng phin d46i ximg thi che h¢ s6 CF , %, C¥, .C? bingkhong,
Trong truong hop ciu treo dim cténg voi tiét dién ngang khoéng ddi thi:

- (P] = [u®] [u~'©®)] (1.20)

St dyng diéu ki¢n bién va tng dung phuong phip gin ding din, ta ¢ thd tinh

duge tin s6 dao dong xodn clia clu treo bing cich cho cic dinh thic twong irng cia ma -

tran chuyén tiép bing khong.

52, THI DU

D% minh hoa cho sy dung d4n cla phidn 1y thuyét di trinh bay itrong phin niy (a
tinh vi dy cu thé cho ciu treo v&i céac s6 lidu k¥ thuat di cho trong tai Héu {2]:

I =500m, b=2tm, q = 147,0983kNm~’, E = 20,593.10'kNm~>

Ec = 15.6905.10'KNm~" , Fe = 0,2m% J, = 5%m’, Ja =4,5.10"'m",
G = 7,9133.10'kNm™>. Hg = 91936,4063kN , 2m = 4220,8188kNsec?,
voi digu kign bien: 8(0) = B8()) = 87(0) = 87(1) = 0
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Tinh cho bai truwdng hop

a) Dim cirng o6 st dien ngang khong doi.
b) Dam ctrng <o (i€t dién ngang thay d&i, chia ra 5 doan nhu hinh 2,

Chuwong trmh tinh toan viét theo ngdn ngir Algol va dwoc tinh tai Trung tam tinl
toan ciia trwong Dai hoe Bach khoa Foznan,

K&t qua {inh toaz nhe sau:

Tin s dao

< w ® ® A
dong xo#n ! 2 3| e

~Treéng hop a/ {1,243]1,732{2,196 | 2,650

Treong hop b/ |1,672 1,060 | 2,800 | 4,369

§3. KET LUAN

Phuong phap gié’i thiéu trong bai nay cho phép ta xac dinh duoc tin s6 dao

dong xodn clia cilu treo dim cteng voi tigt:dién ngang bidn ddi. Un didm cia phu'm

phdp nay la vige lap chwong trinh tinh toan duge d& dang vi phan chi yeu cua tinh
toan la thuc, hién phép nhan eéac ma irdn.

- Te k&t qué thu dwge ta nhan thay néu do Chlll xodn cta dam cirng tang lén thi
tin s6 dao dong xoin ciing téing lén, mic di liec.d6 do chiu kéo cila cdp -va khdi lugnyg
rieng cha cin khong doi, Thi du tin s6. dao d6n® chinh wi trong truwdng hep «by lon
hon trong truwdng hop al 61 34%. :

Bia chi . ‘ Nhan ngay 16/12/1979
Bai hpe xdy dung '
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SUMMARY

TORSIONAL VIBRATION OF SUSPENSION BRIDGE WITH
A VARIABLE CROSS SECTION

) The uansfex matrix method lo torsiomal vibrations of a suspension brldae with
varlable cross sections is reported.

The method described above is particularly suitable for 1mp1emcutmg an _efficient
computer pregram. A numerical e‘samplc is also givens.




