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TOM TAT

MG hinh dao ddng cia 616 khi qua chu dugc mé hinh héa boi mgt hé Kkhé1 hrong — 16 xo
giam chan di chuyén trén ddm dan héi. B bao winh bay mét kit qua nghién ctu méi vé xdc
dimh vén toc t1 han ciia 6 16 khi qua chu Vn e té1 han cua 6 t6 tinh theo md hinh mdi nhé
hon nhiéu se véi van tdc t&i han tinh theo cdng thtrc i

Tir khda: dao dong dan héi, md bink hoa, van 1é¢ 1é1 han cia & 16, m6 phong s6, dim (mg suat
{ruge

i. MO PAU

Trong cic tai héu ve dao ddng ki thuat va vé ki thaiit ciu dudmng truée day kit mé hinh hoa
dao dong cia 6 to qua cau ddm ngudi ta thuong sir dung mé hinh mét lye di chuyén trén dim
gian dom ¢6 thiet dién khéng déi (Hinh 1)

fhish I MO hinh mét Jue di chuyén wén dim

Béing tinh toan guin tich ngut ta nhin duoc edng thire xde dinh VAN toe té han cua 6 o (1-4]

kr (E7
=— /. k=123, (i
'
trong d6 / |3 d¢ dai cia ddm. £7 13 do ¢img chdng uén, £ 13 khé lwong mot don i das cia dém
Khi tinh den img suat trude cha ddm bé tdng cdt thép cong thire xde dinh van e (& han bic
nhit cua 6 t6 6 dang [7]

'
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g E :
v = £—+su* @ |
TN P

trong d6 £ 14 médun dan héi, £/12 5 cimg chéng uén, /14 ohiéu dai dim, 4 1a kn6i luong mpt
dom vi di cua dim, 2 la bién dang dai ty dé1 ban dau, ¢ 14 bén kinh cong cla [6p trung hoa
cia dam, Viéc sir dung mé hinh ev hoe gian dou, thay the & 16 bing mét luc c6 dp ldo khéng =
5 di chuyén trén dim voi vén the khong déi 14 qud thd. J. G. Panovko di chi ra nhidu sai lin
khi sir dung mé hinh dom gidn trén [5 - 6].

Trong bai bao ndy ta thay 6 1 bing mét hé dao ddng nhw Hinh 2. Ta 1hiét 18p phuong trich
dao déng cho mé hinh cg hoe nay. San dé tinh toan dao dgng udn clia cau dam bé tong dv tng
Iy durdi tic dung cua vat thé di dng. Trén co so mé hinh chink xdc hon ta nt ra bicu thye xé
dinh van the t6i han cita 6 16 khi qua cau va anh hrdmg cha img sudt trrde 161 dao déng ciia cau,

2. DAC PONG UON CUA DAM €O UNG SUAT TRUOGC CHIU TAC DUNG CUA
VAT THE D1 BONG

Trong doan niy ta s& xét bii todn dao déng ubn cua dim don gian cé img sudt truéc, chiv
tic dung cia vt thé du dgng (Hinh 2)

n
o |——w

Hinh 2 M0 hinh & 16 di trén chu.

. Xét dim don gian Chiél{ din ] ¢é img sudt trude, chiu tae dung ciia vét thé di ddng. Gia thiét
khot lugng dom vi dai ciia dém g = p A, d6 cimg chéng udn EI 1a nhimg dai lugng khéng déi
wen (odn chiéu di cia dim. Trong do p 1a mat d6 khési lugng, A 1a dién tich mat cét ngang,
4 mé dun dan ko, I 1 mé men quan tinh thiét dién cia dim. O 16 chuyén dong trén dim xem

méi vé} riﬁn c'huyén: dél:lg tinh tién ¢6 khoi liegng m dit trén hé 16 xo - giam chan, dj cimg 10 xo
la E( hé 50 giam chin 14 d, vat thé chuyén dong frén dam véi van toc v khéng di. Gia thiét rong

Sudr qua trinh chuyén dong, vit the khong tach khoi dim. Chon hé toa d6 ahu Hinh 2. Truc Ox
ring véi truc cia dam khi dim cha bi uon, truc Ow thing dimg huémg xubng dudi. Goi z latoa

do tuyét df?i ciia vat thé th§o phuong thang dimg. Goi y 14 khoang cich trong dbs giita vit thé vi
dam, W, 120 vang cua dim ta diém vit thé liép xic v&r dim. Ta co hé thitc

3

e thudn tién cho vige tinh toan dao dong nr do cia dam khi vat thé di d6ng khéng co mit

Z=pw,; oW, =w{x,r)

x=p=ut
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L Vé viin tée 14, han cta 6 t6 khi qua cdu

trén dAm, ta gén vao vt thé di dong mét tin hudu bidu ditn bing bam tin hiéu logic. Ham tin hicu
logic durgc dinh nghia nhw sau

v Rk 1 <t<T
)= @
Lo {0 khi t<g, t>T

rong 46 to 14 thai diém vat thé bir dhu chuyén dong trén dim, T 14 théi diém vét thé két thic
chuyén dong trén dém.

Khi dé céc phuong trinh mo ta dao dgng ubn ciia dim c5 ¥mg suét trsde chiu tic dung eia
vit the di déng 13 mét hé hdn hop phirong trinh dao ham rigng va phuong trinh vi phian thudng
[7,8]

ow Fw Fw ow w
£ ' B N e =p(x,z.¢ $)
[ax‘ + ax‘arJ”[af 6 arj &EATs = plna) (
L{e)(mz + dz + kz) = L(tYmg + dbb, + w,) )
trong d6
P(x,2,8) = L(t)(mg — mZ)}6(x-vi) )

DX gidh cdc phuong trinh nay ta cin biét thém cac didu kién bién va cic didu kién ddu
Cac héu kidn bign trong bai toan ndy €6 dang
aw(0,1) Fnllr)

x=0: w(0,t)=0, T:O,,\’:[ w(l,1)=0, T=0 (®)
Cic diéu kién diu
W 0=g () wtr 0= (1 2025 (0)=z, )

i Ap dung phuong phap Ritz-Galerkin ta tim nghidm cia cac phuong trink (5). (6) vé céc
diéu kién bién (8) ducn dang

w(x,r):iq,(r)sm? (10)

trong d6 sin$ 14 cic him riéng cla dim hai diu ban 1é €6 img sudt truse. con g, (£) 14 cie
ham cén tim.

Thé céc bigu thire (10) vao phuong trinh (5 va (6) va thye hién mbt 58 bién don gia: tich ta
nhén duoc hé phuong trink vi phén duéi dang ma trén nhu sau M

q=B(1)q +C(nq+1() (1)
trong 46
9 Ll
7. LA
q= R Sl I
4. 9.
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Ma tran B(t) 1d ma trin vudng cép nt+l

B B o BLn)
Do) o by,
B-| 2O 4O be® .
bm»\n(t) b|n~|>2(r) b(»z)(mn(f)
trong do
2d _ smvt . rAv EHJ'(SIZ‘]"
=—L()-——sin——sin———06, | —| — | +b° T, 8= 1,...,
b (1) ()lpAsm ] sil 7 (pA 7 ( n)
2d . sAvi
bﬂm,(!)=L(/)[p;Asm i (s=1,...,n}
bw,(r):L(r)ism"’m (r=1,....)
m
d
b;M—un.n(f):-L(l);
Ma trén C(t) la ma trin vuéng cép n+l va co dang
() ety Cl;m)(!)
@) = ey{t) cplt) o CZ[,:H)({) (13
Cpay: (1) St (1) Cmn(ml)(t)
trong d6
2KL(E) . s v . - 2
e, (== (l)smwwsmin—t—z)‘j Az +goé(ff 7S = Lan
ipA I 4 pA\ 1 pul
2k . saw
N f=L{t)— — 5= "
e (1) ()l/’Asm S L.,
I .
S ()= L =310 v g=lnn
m
Lk
Compnen {1} = —L{}—
n
Vecto (1) cb dang
1=[f oo h] 49
trong do /;=O,S:I,...,n; fm:g ,
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Vé vin i6¢ 161 han ciia & 16 khi qua chu

B¢ g hé phuong trinh vi phin (11) 1a cin phai biét cac diéu kién ddu. Cac diéu kién ddu
ndy duoc suy ra tir (9)
9=, 4(O=¢.=L..n), g,(0)=z, §.(0)=2 us)

BE tinh toan dao déng uén cia cu dim dudi tie dung cia thé thé dh dong chiing (61 da xdy
dung mét chuong trinh tich VIBEAM 01 - BKHN dya trén phan mém da néng MATLAB.

3. XAC PINH VAN TOC TO1 HAN CUA O TO KHI QUA CAU BANG
PHUONG PHAP SO

Sir dung churong trinh VIBEAM 01 — BKHN [7] tinh ton dao déng ciia hu loat cdu dém
be tong du img Iyc dien hinh & Viét Nam. Do 1a cic cdu Dong Ha dii 32,4 m va cdu Rung dai
204 m.

3.1 Tinh toan dao djng ubn cia ciu Pong Ha
Sé héu ciu Dong Ha
=324 (m) £ =25x10" (kg/m")
K= pA=2352(kg ! m) £=0315%10" (Nim')
ET=7656920000(Mim*) b =0. b =0
Sé ligu cic 6 t6: Trong bai bdo nay ta sé tinh toan dao dong uén cua ciu dudi tic dung ctia
6 loai xe
& t6 khdc nhau duoc danh sé rhu sau’
Xe sé 1. xe & 15 MITSUBISH] PAJERO SPORT KGIWGNMZLYTS
M = 2100 (kg) . k = 85799 (N'm), d = 3068 (Ns/m)
Xe s6 2. xe 61616 MATIZ
M = 1025 tkg) . k= 46154 (Nim). d = 2660 (Ns/m)
Xe 58 3. x¢ 61615 HINO FGSIISB
M = 9880 (kg) , k= 646160 (N‘m). d = 39596 {Ns/m}.
Xe 56 4: xe 65 16 HINO XZU720L
M =5872 (kg). k=451810 (N'm). d—22996(Ns.m)
Xe 56 5: xe 816 t& HUYNDALHD170
M=13032(kg}. k=871210(N'm). d= 52692 (Ns'm)
Xes66:xedtoto ZIL 130
M =6120(kg). k=-463390 (N m). d=22812 (Ns m).
Cic két qua tinh 1odn cho trén v Bang | via Hinh 3.
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Bang I. Vi the tin han mén V, / vin téc (61 han 1§ thuyét v,, cda 6 t5 wénCho Dong Ha, khig, =0.

séthinrxe | v Jawh] | vallem/hl | p=viiv,
1 174,5 629,82 0,28
2 185,5 629,82 0,30
3 2073 629,82 0,33
4 218,2 629,82 0,35
5 218,2 629,82 0,35
6 2i8,2 629,82 0,35
3.2. Tinh todn dac djng uén ciia ciu Biing
Sé liéu cAu Bing:

1=204 {m) p=25x10° (kg o*)

u=pA=2271(kg/m) E=0.315x10" (N1m?)

EI=4157000800{ Nm*) ' =0, b =0

Cée két qua tinh toan trinh by trén Bang 2 va Hinh 4.

Bang 2. Vn the ton han mi i, / vin the 161 han I thuydt v, ciie 3 16 trén Chu Bing, khi ¢, =0.

. Qua ké_t qui tinh todn cho hai loai ciu va v sau loal & to khic nhau trinh bay trén Hinh 3
va Hinh 4 cling nhu trén cée Bing | va 2 ta riit ra mdt s8 két ludn sau: Van tdc téi han mén cia §

t8 nhé hon van tée t6i han tinh toan gin ding theo céc cong thire (1) va (2). Ti 1§ gifra vin the
t6i han cua 6 16 tinh theo md hinh chinh x4¢ hon v:,, va van t8c t6i han i thuyét cii v, cia ciu

6 thir tu xe vilkm/ k] | valkm/h]
1 87,27 749,09 0,12
2 87,27 749,09 0,12
3 98 749,09 0,13
4 163,6 749,09 0,22
5 109,1 749,09 0,15
6 109,1 749,00 0,15

Dong Ha, khi £, =0, khoang 30 — 35 %, con chu Bingla 12-15%.
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Ve van tic t6i han cia & 16 khi qua cdu
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Y8 van téc t6: han ciia 6 16 K qua cdu

4. ANH HUGNG COA UNG SUAT TRUGC DEN DPAO DONG UGN CUA CAU
Dé nghién ciry anh huéng cua img sudt trude dén d6 vong ddng luc cua cdu khi 6 16 di qua
ta xét hai mé hinh dao dong: Cau Déng Ha va céu Bing.

@) Ciu Déng Hi: Ta cho mpt sb gié mi ciia &, tr b tinh duge vin tée 161 han cia dim theo
cbng thire

) 3 T E E
Q=0 A ”-,ﬂ+£‘,”:£, Yy — ﬂ1—+sn—
PNE AT, Futp

Cac két qua tinh dirge ghi lai trong bang sau

& 0 - 0,0002 -0,0004 - 0,0006 -0,06008 -0.001

&) (rad’s) 16,96 16,25 15,50 14,72 13.89 13,01

Vi (10/5) 174,95 167,59 159.90 151,81 14327 134,19
| (km/h) (629.82) | (603,32) | (57584) |(546.52) (51577 |81y
Céce két qua tinh cho trén Hinh 5.

[
—— &0 0002

% ——— ;=0 0004
— g=0 0005
7 — 5;=-0.0008
———g,=0001
8 s L N, =0
[ 200 480 600 800 1000 1200

v[lemsh]

Hink 5 Bién 46 dao dong [én nhit tai giira cdu Dong Ha theo vin the vann = 1.

Tir 48 thi ta thdy: Khi heé s6 img sudt trong dim cang 16m (ddu 4m) thi bién do dao déng
Iém nhat la1 mét cat giira dam cang 16n. Ung suit trude ¢6 anh hiong lon ¢ lan cin gia m van c
t6i han. Khi xa van toc ton han dnh huong ciia img sudt nrge khéng ding ké.

b) Céu Bing: Tinh todn fuong 1y ta cb bang vin te 161 han ciia & 16 tinh theo cong thirc (2

) nher
sau
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. 0 00002 | -00004 |-0,0006 |-00008 |-0001
0

gy |20 300 |12 [wn0 2807 (2698

vy (/) 208,08 201,93 195,59 189,04 182,25 175,21

(km/h) (749,09) | (726,95) (704,12) (680,54) (656,10) (630,76)

D4 thi d6 véng dong tai mat cit giga ciu Blng dugc biéu dién trén Hinh 6.
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Hinhi 6. Baén 49 dao dang I¢m nhat tai g1 cdu Bing theo vin te vé1n = 1

Tir cac két qua trén 1a suy ra cac két ludn sau’
. - Khigidnciahé 56 {mg sudt trong dim cang 16n (v6i ddu 4m) thi bién d6 dao dong 16n
nhit lai nat ¢t gitra dam cang lom.
- Ung suét truge cé anh huong 16n & [an can gia tri vin tde 161 han. Khi xa van téc 1 han
anh huong cua (mg suit truéc khang dang ke

4. KET LUAN

Khi su dung mé hinh dao déng cua dim dudi tic dung cia vat thé di dbng, van the to1 han
cta 6 to chi vao khoang 10 dén 40 % vin tc t6i han tinh theo Ii thuyét cii. Van tde 1 han ndy
phu thube véo chiu dar cia ciu va cic tham 6 ddng luc khic nhu d cimg chéng ubn, khi
lirong don vi chiéu dai caa dim....

Ung sudt trude €6 anh huong 16n ¢ 14n can gi4 1l van tc t6i han. Khi xa vén téc 161 han
anh hudmg cua trag sudt tnrée khong dang ké
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ABSTRACT
ON TUE CRITIAL VELOCITY OF A VEHICLE MGVING ON THE BRIDGE
Nguyen Van Khang. Nguyen Thi Van Huong, Nguyen Duc Phong

Hanei University of Scrence and Te echnology, No [. Dai Co Viet, Hanoi
"Bmail, khang. nguyenvan2@hust.edu.vn

Vibration model of a vehicle on the bridge 1s modcled by a mass - spring - damper system
moving on an elastic beam_This paper presents the results of a new study on determining the
critical velocity of a vehicle moving on the beam bndge. The cntical velocity of the vehicle
calculated according to the new mode! is tuch smaller than that caleulated according to the old
formula.

Keywords- elastically vibration, modeling, crincal velocity of the vehicle, numencal simulation,
prestressed beam.
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