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TOM TAT

Bai bdo nghién ciru mé phong dong hoc cia dam dwa trén 1y thuyét bién dang treot bdc
cao két hop véi phirong phép phdan tir hivu han (PTHH), trong dé xdy dwng cong thire PTHH véi ba
chuyén vi nit cho dam chiu tai trong di déng. Két qua mé phéng dwa ra dwoc vmg xir dong hoc ciia
dam chiu tdi trong diéu hoa di ddng, trong dé c6 so sanh véi tng xir dong hoc ciia dam Bernoulli.
Xay ding céng thire PTHH bdng cdch tinh trye tiép ham nang lwong va dong néng sir dung 1y thuyét
bién dang bac cao voi cach lva chon ham dang Kosmatka. Thuat toan SO St dung trong phdn tinh

dua trén phiong phdp gia toc trung binh trong ho cdc phieong phdp Newmark.

Tur khéa: Ddm bién dang trueot bdc cao; Dam chiu tdi trong dong; Phwong phdp phan tir
hitu han (FEM).

ABSTRACT

The paper studies the dynamical simulation of beams based on the theory of high-order
shear strain combined with the finite element method, in which, the formula of extended finite
element method is developed with three nodal displacements for beams subjected to movable loads.
The simulation results give the kinematic behavior of the beam subjected to movable harmonic
loads, including comparison with the kinematic behavior of Bernoulli beam. Construct the finite
element formula by directly calculating the energy and kinetic energy functions using high-order
strain theory with the choice of a Kosmatka form function. The numerical algorithm used in the

calculation is based on the average acceleration method in the Newmark family of methods.

Keywords: High-order sliding deformed beams; Dynamic load-bearing beams, Finite
element method (FEM).
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1. GIOI THIEU

Trong thyuc té, cac két cu dam thuong
chiu céc tai trong dong nhu két cdu dam cau
truc, céac chi tiét dang truc do, duong ray cua
tau, cac cau dudng bd dudi tic dong cua cac
phuong tién glao thong.... Ré4t nhiéu cac
nghién ctru vé bai toan nay véi mo hinh dam
Bernulli hay Timoshenko da dugc duara[7, 8,
9]. Vi vay, nghién clru tmg xur dong hoc cua
két cau dam voi blen dang truot bac cao trd
nén can thiét va gan véi két ciu thuc hon, day
c¢6 thé xem 1a sy khai quat hoéa cia 1y thuyét
dam Timoshenko. Dam Timoshenko cé tinh
dén bién dang trugt, tuy nhién chi dung lai ¢
bac nhét va bo qua thanh phan bac cao dé bai
toan tré' nén don gian hon. Pé mé phong cho
mg xtr dong hoc cua dam s& s dung phuong
phap phan tir hitu han két hop véi Iy thuyét bién
dang trugt bac cao. PTHH la mét trong nhitng
phuong phap s6 duoc sir dung phd bién va c6 do
tin cay cao [1, 3, 4], song céac két qua tinh toan
phu thudc vao viéc xay dung cong thirc PTHH
va lya chon cac ham dang phu hgp. Bai bdo st
dung phuong phap PTHH véi ba chuyén vi nat
cho dam dudi tac dung cua tai trong di dong
diéu hoa. Dya trén 1y thuyét bién dang truot bac
cao, cac ma tran d¢ cing, ma tran khéi luong
dugc xdy dung truc tiép tir phiém ham ning
luong, biéu thirc dong niang qua chuyén vi nat
va cac ham dang duogc lya chon.

2. PHAN TU HUU HAN CHO DAM CO
BIEN DANG TRUQT BAC CAO

Ly thuyét dam khi xét dén yéu t bién
dang trugt bac cao thi bién dang doc truc va
chuyén vi ngang dugc cho boi [5]:

3w(x t)

(%, 2,8) = u(x t) — 20(x, 1) — 2 (-0 0)(1)

o(x,z,t) = w(x,t) (2)
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V6i u(x,t) , o(x,t) twong tng 1 chuyén
vi doc truc va chuyén vi theo phuong ngang
cta diém nam trén truc gilra cua dam, z 1a toa
dd theo chiéu cao, x 13 toa dd theo truc ciia dam,
O(x,t)1a goc quay cua thiét dién ngang.

Tir 6 nhan duogc cac thanh phan bién dang:

4 ;60) 60
£, =—-2———

4
U, —20, ——2 (0, 0
P 0,70, (3)

y = (1——z )(9——) (1——z )O-®,) “4)

X¢ét phén tir dim mit cat hinh chit nhat
b x h voi mdi nat ¢6 3 chuyén vi niit u, , 6. Do
¢ bién dang truot nén u, , 6 doc 1ap voi nhau
va khong phu thudc vao z.

Céc thanh phan ng suat theo dinh luat
Huc duoc xac dinh boi:

o, =E¢, t= KG(I—%ZZ)(H—(O’X) (5)

Ham ning luong bién dang U:

U:%I[ag +oyldV =

)
1 1 2 1
EIJ/.[(EXEEX +ryldV —ElngdVJrElﬂ//dV (6)

Thay (3), (4) vao biéu thirc ning luong
bién dang (6), do u_, 6 khong phu thugc vao

h/2 h/2
z nén | zu0dz=0, [ Z(@,—0,)dz=0
—h/2 —h/2

(7), tir (6) nhan dugc biéu thirc ning lwong cho
phan tor dam c6 dé dai L, chiéu rong b, chiéu
cao h.

1§ EI §
U == [(Edu, + EI6Y)dx +— [ (@, —6,) dx
24 : : 217

EI | 4x
+ ?j 6. (o, —6 )dx+ _5ij4(6 —w )Yde (8)F
0 0
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Trong do:
hi2 bh3
= jbzzdz_l ,A=b.h,dV = dAdx = bdzdx (9),

—h/2
x: hé s6 diéu chinh cho dd vénh cua thiét dién
ngang, voi mat cat hinh chir nhat theo tai li¢u

[2] thi x =5 .

Noi suy cac chuyén vi cua dam qua cac
chuyén vi nat d:

u=Nd, ®=N_d, 6=N,d (10)

Trong do:

:(“1 o 6 u, o Hz)Ta

[N, N. N, N, N, N,

d
N
N,=[N, N, N, N, N, N,]|
N N, N, N, N, N, ]

[
0=,

1

Pit (10) vao biéu thirc nang luong (8)
thu duoc:

L L
U :ljdrEANurxNu ddx+ ljdrEngst (ddx
29 T 2y S
Ax
+ 2 JaTGAN,, ~N)' (N, -N,) dds-
0

EI% ; r
—jd (Nm:rr_NE:x) (Nm:rr_Nﬂ:x)ddr

EI d TN&' X (N

0

—N, )ddx (11)

Dong nang ciia dam: Thay (1), (2) vao
biéu thirc dong nang, twong ty nhu ham ning
lwong bién dang, dat truong chuyén vi ndi suy

qua cac chuyén vi nut nhan dugc bicu thic
dong nang c6 dang:

L L
=14 [d"N,N, ddx+ Ly [a'N,'N ddx
2 0 2 0
+%pIIdIVr(‘J N, ddkx +
1 - :
+Epfjdr(Nw__x -N,)" (N, -N,)ddx (12)
0

Gia sir dam chiu tac dong cua tai trong
diéu hoaF = P cos Qf chuyén dong véi van tbe v
trén dam. St dung nguyén 1y bién phan Hamilton
thu dugc phuong trinh phan tr hitu han:

Md+Kd = Pcos Qt.N” (13)

Trong d6, K 12 ma tran d6 ctng phan tir
nhan dugc tu biéu thuc ndng lugng bién dang:

K=K, +K, (14)
Voi:
L

L
K, = [EAN] N, dx+ | EIN] N, dx
0 1]

EI ¢
I
+ EJ. (Nm:xx _Nﬂ:x) (Nm:n _Nﬂ:x)dr
2EIINE rmmxr NE x)dr (15)
K. :%x [GAN,, ~N,)" (N, , ~N,) dx(16)

K,, K ¢6 thé goi 1a ma trdn do cing
ubn, do cimg tmo“c tuong ng ctia phan ti.

M 14 ma tran khéi lwong nhan duoc tir
biéu thuc dong nang, p 1a mat do khoi lugng.
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L L L
M= pA[N,'N,dr+ pA[N,'N,dx +§ PI[N;(N, - N,)dx
0 0 0

|
+E.o1j(1~a:x-1~s) (N, -Np ) (17)

SU: dung ham dang Kosmatka [6] chtra
tham s6 bién dang truot ¢ cho chuyén vi ngang
va goc xoay 0 c6 dang nhu sau:

N, =X N, =X N, =N, =N, =N, =0,
1 L 4 L 2
Nu=[L;x J (18)
N, =N, =0
1 X x? X
N, =— 3—5—-9—+1+9),
o 1+(/5( 73t )
L x ¢ x o x
N, =— (5 -2+ =+(1+29)>),
2 1+g I @)y
1 X x b
N, = 27 -3 —¢7).
: 1+¢ r L
N =" ( _Q)x_z_fﬁ),
% 1+¢ L 2°0 2L
N, [o N, N, 0 N, N,]| (19)
N, =N, =0
6 X x
Nez _2__)5
L(1+¢) I L
No =115 ¢( (4+¢) +1+4)
6 x* x
Ny=————(5-7)
: L(1+¢)L L
12E1
N, = (—— 2-9) ) =——
"ol+g P = eaGr
N,=[0 N, N, 0 N, N,] 20)
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bat cac ham dang trong (20), (21), (22)
vao (16), (19) thu duoc cac ma tran khéi luong,
ma tran d cing cia phan tr dam.

3. MO PHONG SO VA SO SANH

Muc nay str dung cac cong thirc phan tir
bao gém ma tran d§ cliing, ma trén khdi luong,
vécto lyc nut da xdy dung duogc ¢ trén dé phan
tich tmg xtr dong hoc cho mé hinh dam c6 bién
dang trugt bac cao chiu tai trong di dong trong
d6 c6 so sanh voi dam Bernoulli. Thuét toan sb
st dung trong phan tinh nay dua trén phuong
phap gia téc trung binh trong ho cac phuwong
phap Newmark [3] v61 budce thoi gian ddm bao
thuat toan on dinh thoa mén At < 2/ o .o la
tan s6 riéng 16n nhat. Chuong trinh tinh dwoc
viét trén phan mém Matlab. Dam Bernoulli
chiu tai trong di dong voi 3 chuyén vi nut thi
ma trdn d¢ cliing, ma tran khdi luong da dugc
xac dinh [3].

M6 hinh didm c6 bién dang truot bac
cao chiu tai trong diéu hoa di dong vé6i van toc
v (hinh 1): F=Pcos(Q¢). Dam thép ¢ chidu
dai L = 20m, mit cit ngang hinh chir nhat h =
0,1m, b =0,3m, E=2.10" N/m? G =8.10""N/
m?, x 6 , P=1000N.

Cac két qua tinh toan mo hinh dam va
so sanh v&i dam Bernoulli duge thé hién trén
cac hinh 2, 3 cho thay anh huong cta vén tdc
tai trong, tan sb luc kich dong dén ung xui dong
hoc ctia dam. Két qua mé phong cho cac trudng
hop thay doi tan sé luc kich dong va van toc tai
trong, khi so sanh v6i dam Bernulli cho két qua
khong khac nhau nhiéu. Diéu dé cho thiy két
qua tinh toan dwa trén 1y thuyét bién dang truot
bac cao voi ham dang lya chon Kosmatka la

phu hop va dang tin cay.
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F=Pcos((t)

—
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Hinh 1. M6 hinh dam chiu tai trong diéu hoa di dong
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a. Ung xir dong hoc dam cé bién dang truot bdc cao b. Ung xir dong hoc dam Bernoulli
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Hinh 3. So sanh ung xur dong hoc dam c6 bién dang truot bac cao (a) va dam Bernoulli (b)
trong truong hop Q = 80 (rad/s)
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4. KET LUAN

Bai bao da xay dung dugc cong thuc
phan tir hitu han cho dim trong dé sir dung ly
thuyét bién dang truot bac cao. Xay dung dugc
chuong trinh sb dua trén cong thic PTHH da
thiét 1ap duoc voi thuat toan sb dya trén phuong
phap gia toc trung binh trong ho cac phwong
phédp Newmark, chuong trinh st dung ngoén
ngit Matlab dé dwa ra tng xtr dong hoc cia
dam chiu tai trong di dong. Két qua mo phong
va tinh toan dya trén 1y thuyét bién dang truot
bac cao voi su lya chon ham dang Kotmatka so
sanh v6i dam Bernoulli cho thdy mg xir dong
hoc cta hai mé hinh kha gidng nhau. Diéu d6
cho thiy sy phu hop va tin cdy cta qua trinh
xdy dung cong thirc phan tir va mé phong khi
sir dung 1y thuyét bién dang trugt bac cao véi
ham dang Kosmatka. Ngoai ra, két qua do6 ciing
cho thdy cac gia thuyét Euler-Bernulli v6i wu
diém don gian van c6 do tin cdy cao trong cac
g dung thyc té cta két ciu dam. %
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