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TINH TOAN BANG SO DAO DONG UON CUA DAM LIEN TUC
DUOTI TAC DUNG CUA TAI TRONG DI DONG '

DO XUAN THO, NGUYEN VAN KHANG

1. MG D}&U

Nhitu bii todn k¥ thuft, dic biét trong nginh giao théng van tii, din ddn viée khﬁo sat dao
ddng uén cda dim lién tuc dwéi tic dung cda tii trong di déug.

Trong {1, 2, 3, 4] 45 x6t nhi€n bai toin dao déng cda dim dwéi tdc dung cda tdi trong di
déng. Trong céng trinh nay, ip dung phwong phap cda Filipov [3, 4], xdy dung mét hé chwong
trinh ‘tinh todn dao déng udn cda dim nhieu gdi d& chiu tic dung cia tdi trong di déng. Sau dé
ip dung 4@ gidi mét vai bai todn thwe té.

2. PHUO'NG TRINH VI PHAN DAO DONG

Xét dao ddng udn cia dim lién tuc dii £, ¢é ng géi d& trung gian (hinh 1).
ong ! 2E

D
E

[

Es i ‘

Hinh 1

Mét tdi trong cé trong hrong Py chuyén dong trén dim véi vin téc v khong d8i. Gid thidt
dam dbng chit, thiét dién F vi 49 ctimg chéng uén ET 13 cdc hing s6. Trong q'uei trink chuyén
déng, tii trong khéng tdch khdi dim. Kf hidu &1 =1. ng) 132 khodng cach tir gdi mit bén trdi
dén gét trung gian thi 1. Goi n = vt 13 khodng céch tir gdi miat hén trai dén vi tri cda tii trong

- di d4ng tai thoi didm ¢.

Vé&i nhimg gid thi€e trén, d2 dang thi€t 1ip dwoc phirong trinh dao déng ndn cda dim lidn
tuc dwdi tic dung cda tii trong di déng [3]:

34 * 2, %

8%y
5o T 0

trong d6 ET 14 46 cimg chdng udn, pF 1i khdi lwong don vi dai cia dim, y* 13 45 vong cda dim.
Ham vé phdi cfia (2.1) ¢6 dang nhu sau:

Er = p(z,t) {2.1)
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‘ iy
p(z,6) = palz,0)5(z —v8) + 3 pil6i, 6(z - &) - (2.2)
i=1
trong (2.2) §(z) 12 ham denta Dirdc, py{z,t) 12 4p lwe cla t4i trong di déng p;(&,¢) 12 phdn hrc
cfa gdi d& trung gian. ‘
Bifu thirc 4p lwe cda tai trong di déng <é dang {3, 4}

_ . _mdy : ;
palzt) =po — PaET + Gosin 1t (2.3)

trong 46 Gy sin (¢ 13 thinh phin thing dimg oda lyc quén tinh sinh ra do kh&i iwong khéng cin
bing cla vit thé lin. ‘ ‘
Biduy thic cha phin Ire din hdi tuyén tinh cda gdi & trung gian ¢6 dang:

plEt) = ~Crv (60 (2.4)

trong d6 C7 14 hé 35 cing cida gbi din hai.
P61 véi dim hai d5u bin [8 nhy hinh 1, ta cé cic ditu kign bign sau:

_ 82y* {0, ¢t

z=0: y"(O,t)zO; ——%;(5—):0 {2.5)
A%y {4t

z=1£: y (£, 1) =0; —%—l =0 (2.6)

Ap dung phuong phap khai trién theo cc ham rifng ta tim nghidm cta {2.1) dwéi dang:

o0 -
ivT

vz, 8) = wylz,t) = 5y @lf)sin i (2.7)
i=1
trong d6:
_ 2pyf® .
Yo = Rl (2-8)

14 d5 vong tinh 16n nhit cda dim don gidn khiu 46 £ chiu tdc dung cda lue py A3t & gifra dim.
Thé& (2.7) vao (2.1} va thye hidn mét vii phép bién di don gidn ta nhin dwge hé v6 han cdc
phrong trinh vi phin thuémg

(0) + wiault) = <o { [po - 22 T

pF iy, g 8
. LA e . | . 1wé;
+ Go sin f2t] sin 7ut - E Clyoy( &5, t)sin 7 } {2.9)

Néu chi xét tai vi trf tidp xfic cda tdi trong va dim; thwe hién phép d8i bién » = vt va dua
vio cidc tham s8 khéng thi nguyén sau

W
£

o o fFp o ko Ciw
Fpgt’ 7' pg

W= 2= —

v2 e’ o= n Y EI’ (2.10)

thi (2.9} ¢4 dang
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de‘?i('?)

i +wle(n) = filn) ' (2.11)
72 g 2 42 Gy . _' il 5
fi{n) = ( 7)? {[ ﬂ 5;(172 ) ;0_ s1n I/?gn] Z Cy(&,n) sm iy } (2.12)

=1

3. THUAT TOAN VA CHUONG TRINH TiNH

Nghiém cda (2.11) dwoe viét trong dang [3]

o 1 .
gi{n) = A:(b) coswn + B:(b) sinwiy + o [ fe(e) sinw;(n— ¢)de (3.1)
, i) _ _
trong 46 A;(b), B;(b) 1d cdc hing s8, dwoc xic dmh béri hé thire 3]
A;(b) = ¢:(b) coswib — — 1 dq‘(b) simw;b
: Wy df] ’
1 dgilt) ‘ (3.2)
B,(b]zq,( )SIH b+ - cosw;b
2 n
Né&u dwa vao ham
d*y{n, n)
= e ! .
| e{n) dn? (3.3)
thi ta-cé {3]
1 : 1 -
vl n) = FEalbn+ Kao)+ 35 [ (n~ del)ds (5.4
v
L d b
Kofb) = dy(b, b)
- (3.5)
- _ dy(b, b) )
Ka(6) = ofbyb) ~ 240
Tir difu kién bign (2.5) vax(2.6) suy ra
A;(0) = Bi{0 ) K,(0) = Ko(0) =0 ‘ (3.6}
Dbng thei véi g:(n) va y(n,n) ta tinh thém cic dao him cda ching
1dgly) X -
w dn 4,(1)) Sinwin + l?, {8) cosw;n+
1] |
+ ;[ felg) coswiln — ¢}dg o (3.7)
3
dy(n, ) 1]
Ty
ﬂuy—d;l =K1 (b) +E[ ofs)dg (3.8)

b
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& théng cic phuong thinh tir (3.1) dén (3.8} cho phép tim dwec cic dai lwong cin tinh néu
tinh dwoc cic pich phin v& phii.

Chia doan [0, ] thinh n phin bing nhau v&i 45 dai
(39)

= —
n

Vige (3.1}, (3-4), (3.7) vi {3.8) irén n khodng tir 1 d€n n v&i cic hiing 6 tich phin A;, Bi,
K,, K3 dwogc xdc dinh tir khodng trude dd theo céng thic (3. 2) vi (3.5) nhw cach i trong [3}
D§ dai 7 chon dd nhd d€ ¢6 the xem cic him fi(n), ¥(n) 1 cdc ham bifn d6i chim do dé cb thé
xem chiing 1a haug va bing cic gid tri trang binh trén khoing, Y twdng quan trong niy khién ta
¢6 thé tinh dwgé cic tich phin.

Pé cho gon ta dwa vio cic ky hidu

-

Q(t, m) = gi(mr), Y {m) = y{mr, mr),
Q(,m) :Vi dgi(mr) DY (m) = £ dy{mr) (3.10)

wg dy n dy

vh chi ¥ ring tvén doan mr < p < mr + 7 ta <6

2 2028 CGg , vr(2m+1), |, in(2mrtr o iw&
fifn}= (ad)? [1— ?—’?m+1+g5m 27 ‘]Slllr Y, T; CiYm 1 5in >
(3.11)'
trong 46 f7(n), ©m+1, Ym+1 13 cde gid tri trung bink cda fi{n), ¢(n), y{n) trén doan ds.
Ta ¢ cidc he truy hoéi sau
Qi,m+1) = Qz,m)CS[) + DQ(i,m}SN(’i) + T+ (1 — C3(1))
DQ(i,m + 1) = DQ(, m)CS (i) — Q(a, m)SN () + Times SN ()
1
Y{m+1) =Y (m) + DY (m) + 55 0nx - 12
1
DY(m + 1) = DY(m) + ;5@,,,+1
& diy ta 43 dua vio cic k¥ hiéu
OS() = cos X 5N(E) =sin T
= cos — 3 sin —
1 207 Go . va(2m+1), , ir2m+1)] . IwEy
Lm+r = -;"{ [1 T Pml + E)-Slll —i;;m1 2n T 21 Cy;sin }
3
(3.13)
Khim=10ta cd
Q(:,0) = DQ(i, 0) = Y(0) = DY (0) = 0 (3.14)
Khi n = mr + 7 st dung (3.10) tacé
. am{m+ 1}
Y(m+1) = Z Q(i,m + 1)sin — (3.15)

Bt Yim + 1), @z, m + 1) tinh tir (3.12) vio (3.15} ta di d&n ké phwong trinh dai s3 tuyén
tinh 3¢ xdc dinh ng+ 1 dn: y; V3 @y
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AF=1b (3.16)

trong d6 A 13 ma trin vudng <ip ng + 1 v&i cdc phin tk cé dang

ng
kxE;

ay = 0y Z 5):; sin — + 6;, 1,7 = 1,ng
k=1 - ’ .

Ty

kr(m+ 1} ‘

Arg+1.j = C"_T Z Skj sin ‘—n“ 1 j = 1)”9
k=1
: (3.17)
2028 <~ 7 —
& ng+1 = 72 Z’Tkm s1n 7 ;8= 1,ng
"
‘ 1 202f kn{m+ 1)
Crg+ing+l = i;é' 2 Tk Sm —_“7;'“_'"
k=1
Cic phin t cla vecto b 6 dang
ng
kr&; —_—
b& = Tkru s1n ZS 1 1= l,ﬂg
P ng k ( +1) (318)
#w{m
bgt1 = 2 Tim sin ——" =¥ {m) - DY (m)
k=1
& day ta &3 dwa vio cic ky hidu
1 . kx2m+1 .
o = s O 4 i)
o vr(2m 4 1)
Tkrn ?“"[1 - GP sm M}'Tkm‘i‘
2n
+ Q(k, mJCS(k) + DQ{k, m)SN{k} ‘ (3.19)
1 . kr&; .
Sy = sin L(1— C5(k))
o :
Gp =20
Lo
Vecior  ¢hiba ng + 1 &n véi céc thinh phin.
A -

-’Eng-i-l = ‘an-{rl

Nhw vy qui trinh tink todn s€ thye hién theo thir tw

1 - Thay {3.14) vic {3.17), {3.18), (3.19) d¢ xdc dinh 4, b.

2 - Gihi hé phwong trinh (3.16) d& xidc dinh y;, Prmy1.

3 - Thay ¥, wm+1 vio (3.12) tinh dwee Q(¢, 1), DQ(s, 1}, Y (1}, DY (3).

4 - 8% dung cic gid tri ndy vio cdc bwée 1, 2 trén, tinh dwoc Q(3,2), DQ{:,2), Y (2), DY (2)
.. ¢ nhw viy cho d€n kbi == n — 1 th} dirng lai. '

Khi dé dd véng va 6ng sudt ddng lwe dwoe xdc dinh bdi biéu thic.

(sl .
. . URI
y {mr+ 7, 1) =yuZQ(1\m+1)smT

":‘E - (3.21)
o (mr + 7, 2) = ;—2% $2Q[3, m + 1) sin %i
i=1

30

RN




trong d6 W 12 mb men khérmg udng cia dim

Duwa vio thudt todn trén mdt hé chwomg trish tinh todn dao ddng udn cda dim dudi tdc dyng
cda Al trong di déng da dwoe xdy dung. S¥ dung kh ning manh cda Turbo - Pascal version 5.5;
tin dung nhlrug ph3n mEm sin ¢é cda khoa Co hoc ug dung trwdmg dai hoc Béch khoa Ha Néi
ching t6i 43 xiy dung hé thong chwong trinh khd tién fch nhwr kha ning lra chon theo menu, khi
ning 4o hoa, lru tr&, sia s6 ligu v.v..

Chu‘crng trinh cé thé chay trén cic miy IBM-PC XT hode AT vi khing phu thudc vio min
hinh cu thé,

Dwéi day 13 ciu tric cda chwong trinh.

: . Chu‘&ng trinh tinh | :
/[ \|\
[ Vio sd héa [ l Tinh todn [In két qui l

Vio tir j| Vao {| Siba || Ghi - Tinh Tinh In
ban tir 80 80 " binh ' || va hién 5 ds
phim file ![ Lign !l hiéu thudmg || 48 thi ligw {| thi
Hinh 2
4. THI DU

DE minh hoa viée dp dl}ﬁg chwong trinh ching ta xét hai vi dy sax

Thiduy 1
Ta tinh dao déng wdn cla ciu treo diy xién chiu tic dung cda tii trong di d6ng. O diy cic
diy xién dwge thay thé bing cdc g8 dan hdi véi dd cing dwgce xéc dinh theo [5].

i pH
Cr = Lk S S, {4.1)
S;

trong 46 Ef, Ff, 5, a; lin lwot 13 mddun dan héi, dién tlch tidt didn, 46 dai vd gdc nghidng cda
diy van.
M5 hinh tinh todn dugc vé & hinh 3, véi cde s lidu saw: £= 540m, ET = 550120e + 10T /m,

F = 0.103¢ + 2m?, W = 0.2184¢ + 2m® ng = 5, v = 44700m/h, p, = 27.22507, nc = 20, mic = 8,

: -, |
BT R F F 3

E: ¥e

Hinh %
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The ¢ty Toa 43 c4c géi (m) Dé cting cde g6i (T/m)

60m _ 01716 e46 -

1

2 120m 0.2897 e+6
3 180m _ 0.2100 e+11
4 300m ' 0.1716 e+6

5 420m 0.0652 e+6

K&t qud cho biét wng suit vi 43 vong ddng hre tai cdc mit cit & cdc thyi diém khic nhau.
Duéi diy 12 két gud tinh todn tai mit cit z = 360m trong 8 thoi difm khic nhau:

Theri diém B3 vong dong luc (m) Ung suit déng luc {T/m?)

1 -0.1809 e-7 -0.209 e-1
2 -0.4608 -7 -0.4856 e-1
3 0.3931 e-7 0.3749" e-1
4 1.7454 &7 09021 e-1
5 7.8511 e-7 1.5099 e-1
6 18.2738 -7 27782 el
T 20.9628 -7 3.3383 e-1
8 0.0000 -7 0.0000 e-1

Thide 2

Trén hinh 4 minh hoa vigc st dung chwong trinh d€ tinh dao déng wén clda dim cé mot gdi
trung gian bing cdc tham s8 khéng thi nguyén: « = 0.5; § = 0.5; C =1. _

Hinkh 5 vi 6 1 d5 thi hé s d6 vong, hé s8 &ng suii déng lwe cda dim tai mit cit gira dinr.

N Q ,
A | %
g |
. I'd
Hinh 4 : 7 :
gl tg 01 25 a8 %y 5l 02 04 25 as %

2.5 \\ _ / 'ﬂ‘\ /

10 ' " 1.0

Hink 5 ' Hinh 6
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5.1Kf1’1‘ LUAN

Trén co s& thuit todn cda Filippov [3, 4] ¢6 cdi tién, mdt hé chwong trinh tinh dao déng uén
cdia dam lién tuc dwdi tdc dung cda tdi trong di déng di dwoc x3y dwng bing ngdn ngir Turbo -
Pascal version 5.5. Hé chuong trinh nay cé thé st dung 42 tinh todn thids k& cdc Joai ciu van, cde
k€t cdu dim lién tuc chin tdc dung cia tdi trong di déng.

Vige xét dim lién tyc dwéi tdc dung cda nhigu tdi trong di ddng véi quan didm déng tee hoc
hdn hop vit rin va vat thé din hdi dang dwoc ughién cu. Cde két qud v&E vin 48 niy 88 dwoc
céng bd trong théi gian téi.

Diu chi: | Nhin ngay 14/2/1992
Trwéng dov hoe Bdch khoa Hd Ngi ,

TAI LIEU THAM KHAO.
1. D3 Xuin Tho. Tinh toin 46 vong vi dmg =udi ddng lue cda d5m mét nhip chiu t4i trong di

d6ng. Tuyén tap cic két qud nghién cdu khoa hoc, Vién Khoa hoc k¥ thuit GTVT, 1938,
trang 93 dén 99. -

2. Bonotur B. B. 3apgaua o XonmebaHHAX MOCTOR TOf, JeHCTEHEM [OJBMIKHBIN HATPY3KH.

Mexaguka @ MampnocTtpoerse, N 4, 1961, C. 109-115.

3. dumannosA. I1., Koxmanok C. C., Bopobeep ). C. BozpelicTae fUHAMAYeCKHAX Harpysox
Ha 8JeMeHTH KoHCTpykmak. Wan. Haykosa nymxa - Kues 1974,

4. Pmmanoos A. I1., Koxmaumzok C. C. [laAammyeckoe BO3feRCTRHE MOABHXHLIX HATPY30K Ha
crexxuy. Mam. Hayxkosa nymka. Kaes, 1967.

5. Kauypmu B. K. IlpoextrpoBadie BRIEYEX A BaHTOBRIX MocToB. Man: Tpancmopr. 1971,

 SUMMARY

NUMERICAL CALCULATION OF THE TRANVERSE VIBRATIONS
OF THE MULTISPAN BEAMS FOR MOVING LOAD -

In this paper the numerical calcnlation of the transverse vibrations of the mmltispan beams

for moving load is considered. A program has been worked out for the nwmerical intergration of =

the motion equations on IBM-PC AT or XT. This program is nseful in calcnlating the vibrations
of the suspension bridges.




