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TOM TAT

Bai bao nay trinh bay mét phuong phéap phan tich méi két hop gita phan tich déng hinh hoc
(Isogeometric Analysis — IGA) va phuong phap phan ti chuyén déng (Moving Element Method —
MEM), goi la phan tich dang hinh hoc chuyén dong (Moving Isogeometric Analysis — MIGA), nham
phan tich tng x&r dong clia dam composite siéu dai chiu tai trong di dong trén nén dan nhét. Trong
khuon khé dé xuat, hé toa do chuyén dong ctia MEM dugc tich hgp vai ham néi suy NURBS clia
IGA, cho phép mé phdng chinh xac hinh hoc két cdu déng thai nang cao dang ké hiéu qua tinh
toan doi vdi cac bai toan két cdu nhip Idn. BE mé ta chinh xéac ing x(r co hoc clia vat liéu composite
va anh hudng clia bién dang cat, ly thuyét bién dang cat bac cao (Higher-Order Shear Deformation
Theory — HSDT) dugc st dung. Viéc dp dung ham NURBS khong chi loai bo sai s6 hinh hoc ma con
tu nhién thda man yéu cau lién tuc bac cao clia HSDT, tr d6 cdi thién dé chinh xac va tinh én dinh
cliamod hinh soé.

D6 tin cdy clia phuong phap MIGA dugc kiém chimg théng qua céc vi du s6 va so sanh vai cac
nghiém gidi tich cing nhu cac két qua da cong bd trong tai liéu trudc day. Két qua cho thay
phuong phap dé xuat dat do chinh xac rét tot so vai nghiém dan héi ba chiéu trong phan tich tinh.
Trong phan tich dong, MIGA cho két qua gan vdi loi giai tham chiéu, déng thai yéu cau thai gian
tinh todn thap hon so véi MEM truyén théng va cho dé chinh xéac cao hon khi so sanh véi phuong
phap FTM. Cudi cuing, anh hudng clia cac tham s6 nén dan nhét va van toc tai trong dén phan tng
dong ctia dam composite dugc khao sat va thao luan chi tiét.

Tur khoa: Phan tich dédng hinh hoc chuyén déng, dam composite, téi trong di déng, NURBS, nén

dan nhét

GIGI THIEU

Su phat trién nhanh chéng ctia khoa hoc va cong nghé
da dan dén nhiing yéu ciu ngay cang khat khe vé kha
néng du bdo chinh xdc ting xu cua két cdu duéi cic
diéu kién tai trong phtic tap, dac biét 1a véi két cdu 16n
trong xay dung d4n dung. Cac phuong phap giai tich
dai dién cho nhiing cich tiép cdn sém nhét va chit
ché nhit trong phan tich két cdu. Ching dugc cong
nhan rong rai vi d6 chinh xac cao, cing nhu kha nang
gidi thich vat Iy 16 rang !4, Tuy nhién, nhiing phuong
phép nay bi han ché dang ké khi phén tich cac cac bai
toan c6 hinh hoc phtic tap, hodc cdc mo hinh vat liéu
tién tién c6 ting xu di hudng.

Dékhac phuc nhiing han ché nay, phuong phap phéin
tt hitu han (FEM) da dugc d€ xudt nham giai cac bai
toan phtic tap®>~’. Tuy nhién, FEM gip phai nhiing
han ché nhu ¢4 sai s6 hinh hoc, tinh lién tuc thap, cht
yéu CV. Ngoai ra, khi phan tich cic két cdu siéu dai
chiu tai trong di dong, vi tri tai phai dugc cap nhat &
mobi budce thoi gian, din dén chi phi tinh todn ting 1én

dang ké.

Nham giai quyét bai todn két cdu siéu 16n chiu tai
trong di chuyén, Koh va cong su® da dé xudt phuong
phép phén tt chuyén dong (MEM), trong d6 stt dung
mot hé toa do chuyén dong cung véi tai trong.Cach
tiép cin nay 1am gidm dang k€ s6 lugng phin td va
tang cudng 6n dinh s6. Tuy nhién, MEM van gap kho
khén khi phan tich cdc vat liéu di hudng, va kh6 ndm
bét chinh xdc céc co ché bién dang phtic tap clia vat
liéu nay.

Nham khéc phuc nhiing han ché vé x4p xi hinh hoc
va tinh lién tuc gitta cdc phén tit, Hughes va cong su®
da dé xuét phan tich ddng hinh hoc (IGA). Bing cdch
sti dung cdc ham co s6 NURBS (B-Spline) cho ca biéu
dién hinh hoc va nghiém xdp xi, IGA mé hinh chinh
xac moi dang hinh hoc ctia két ciu va bao dam tinh
lién tuc bac cao. Géan day, mot nghién ctiu dya trén
IGA két hgp vdi ly thuyét bién dang cit bac nhét cai
tién da dugc dé xuit d€ phan tich 6n dinh, dao dong
riéng va ddp tGing dong ctia ddm cong composite hai
16p dat trén nén Pasternak, c6 xét diéu kién bién dan
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héi va trugt tuong d6i gitta cac 16p 0. Tuy nhién, IGA
van dya trén viéc rdi rac hoa khong gian tdng thé, dan
dén s6 lugng béc tu do ctia hé 16n, tit 6 han ché tinh
hiéu qua khi 4p dung cho cac bai todn két cdu siéu l6n
chiu tai di dong. Cac nghién ctiu vé€ dam chiu tai trong
di sti dung MEM c6 thé tim thédy trong

T nhing thao luin trén cho thdy, MEM va IGA c6
thé b6 sung diém manh cho nhau. Do viy, nghién
ctu nay dé xuit mot phuong phép tinh toan thong
nhét, goi la phuong phép déng hinh hoc chuyén dong
(MIGA), két hgp khéi niém hé toa d¢ di dong cua
MEM véi tinh chinh xdc hinh hoc va tinh lién tuc bac
cao ctia IGA. Céch ti€p can nay cho phép phén tich
chinh xac va hiéu qua cac két cdu dam siéu dai chiu
tai trong di dong st dung vat liéu di huéng.

CO SO LY THUYET VA PHUONG
PHAP NGHIEN CcUU

Dang yéu cia dam trén nén dan nhét chiu
tai trong di chuyén

Mo hinh tinh dugc thé hién trén Hinh 1, gébm két ciu
dam c6 chiéu dai L, tya trén nén dan nhét va chiu tai
trong di chuyén tap trung P. Mit cit ddm c6 bé rong
b, chiéu cao h. Nén c6 do cling ky va do can ¢y . Tai
trong P di chuyén doc theo ddm véi van t6¢ V. Trong
nghién ctiu nay, ddm dugc gia dinh 1a siéu dai, nghia
la chiéu dai ctia né du 16n sao cho cac hiéu ting bién
la khong dang ké trong viing quan tam.

Py

.1

o L
C*«?%%?%%?%?d%?%%%*

Vat liéu Composite

Hinh 1: D4m composite trén nén dan nhét, chiu tai
trong tap trung di chuyén [Nguén: Nhém tac gidl

Truong chuyén vi bac cao ctia mét diém tuy y dugc
dinh nghia nhu sau'!:

ov(x,t
) = ol )~y 20

v(x,y,1) = vo(x,1)

+ f()Px(x,1) (01)

(03)

trong d6 u, (z,t) vav,(2,t) lanlugtla cdc thanh phan
chuyén vi ngang va do vong ctia truc ddm. &, (z,t)
la géc quay quanh truc z. Haim f(y)mo ta su phan b
ctia bién dang cit va Ging sudt cit trén chiéu day. Trong
nghién cttu nay, ham bién dang cit bac nim 2 dugc 4p
dung:

7025 2 5
=Ly L34 c 04
fO)=gy=—2y + 4y (04)
Trudng bién dang dugc thé hién nhu sau:
E =Uox — YVOxx T+ f(y)q)x,x
(05)
=g +ye + ()&
hodc
1
u={g & &}y » (06)
J»)
va
Yo =F ()P = f ()& (07)

Phuong trinh cha dao ctia ddm dugc dugce viét nhu
phuong trinh (8):

JodeTUpedx+ [ Segsesdx+ [3 Sul Rugdx

(08)
+f0L8kavdx+f0L§vcjcvdx = foLﬁug‘de
€ = (& & 82}T (09)
R, R, Ry
R=|R, Ry Rs (10)
R; Rs R

(Ri,Ry,R3, Ry, Rs, Re)
h/2 11
- f_ﬁ/zp (1302 F0) 3 f ), f20)) Ty (1D
T
ug = (uouj uz} (12)
6 day /(57) la ma tran don vi kich thude 2x2, ¥ Ia
véc-to tai trong, 6(.) 1a ham Dirac delta, 1a van t6c caa
chuyén vi theo phuong truc y.

T

w(x):(o P (x—5) o} (13)

oL I
Jo=11 J3 Js (14)

oI5 Jg
(J1,92,J3,J4,J5,J6) (15)

= fﬁz(1,y,yz,f(y)7yf(y)7f2(y))511dy

Js= 1", F () Dssdy (16)

trong d6 Dy va Dss 1a hé s6 d6 ciing dan héi cna vat
liéu composite.
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Phan tich déng hinh hoc chuyén déng
(MIGA)

Trudce tién, mién bai todn dugc rdi rac thanh mot tap
hgp cac phén tii ddm 1D, nhu minh hoa trong Hinh 2.

»

[
Dim i X

GRLOLLEREEL

Hinh 2: Hé toa d6 di chuyén (r) va sy rdi rac hda cac
phan tir dam [Nguén: Nhom tac gial

Mot hé toa do (r) dugc gin vao tai va chuyén dong
cung van téc vai tai. Tai thoi diém ¢, tai trong di dugc
quang dudng S. Mo6i quan hé gitia (x) va () nhu sau:

r=x—S (17)

St dung phép bién ddi Galileo cho mdi quan hé vi
phén gitia (x) va (r). Khi do6, phuong trinh vi phan
chuyén dong (8) dugc viét trong hé toa do (r) nhu
sau:

Pua(r) . ua(r)  dua(n)
Jo SulR(VZ==S2 —av —a
2y (1) or g Jrodt . or
T)dr+/<) 5eTJ,,£dr+ 0&.JsEdr

Jo
+f({‘5kavdr+j6L5VCf (3v(r,t) _VM> dr

ot or

Viéc st dung HSDT két hgp vé6i hé toa do di dong dan
dén yéu cu lién tuc bac cao (C?) trong phuong trinh
chuyén dong, trong khi FEM/MEM thudng chi bao
dam lién tuc C°. Tuy nhién, NURBS véi tinh lién tuc
béc cao vén cd lai ddc biét phu hgp cho viéc két hgp
v6ily thuyét ddm bac cao (HOBT). Chuyén vi tai diém
diéu khién I dugc biéu dién thong qua ham NURBS
nhu sau:

Uo n |18 0 0
W(Evo =2 [ 0 T o0
D, B 0 0 I7(&)

uy
J(THOT s

trong d6 I'; (£) 1aham co s6 NURBS 1D[ 9]; d; la bac
tu do ctia diém diéu khién I; m 14 s6 diém diéu khién.
K, wy
) = B

ng
Z Kip(&)wi (20)
i=1

ar=(w v oy }T 1)

Ham co s bac 0 va ham co s bac p dugc dinh nghia
nhu (22):

‘ ) Lkhi& <E <&
Kz,()(é) - { 0, k/’llé > é(i+l)7 gl< éi
o E-& i1 =&
KzﬁO (é) = §'+p — éi Klﬁ*] (5) + §i+p+1 - C:H;
Ki+l,p—l (ic:-)

Trudng chuyén vi dugc viét lai dudi dang ma trén thu

gon nhu sau:

n n
uf = (U, ur W} =L {AA A dr = Yd (29

Ay =

Iy 0 O 0 Iy,
N A1 = '
0o Iy O 0 0

00 o A=fo T o}

0] ,
ol
(24)

:

Céc thanh phén bién dang dugc biéu thi dudi dang:

& 82}

™
~
Il
/
&

n
:];( Qo Q Q }dl (25)
=ggm
g = Qqd; (26)

Q={r, o of;ei={0o -1, o}
o={0 0 1, }ia={0 0o n};

Phuong trinh chuyén dong ctia phan ti ddm trong hé

toa d6 chuyén dong:
M@ dle) 1 clegle) kedle) =ple) (28)
trong d6 M(®), C(®) K(®) va P(®) tuong tingla ma

trankhdi lugng, ma trin can, ma tran d6 cting va

vecto tai
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trong phan ti.

Ao Ag
M(e):fOL Al R |p| dr

Ay Az

Al [a

cl)=—av L |a| R|a| dr
A A
+Cff0LA€Avdr ’
KO = i {@)" @) (@)}
Qg
Ty Qp pdr+ [ (@) JQgdr
Q;
T
A (A
V2 EIa| R|a| dr

A A
T
T

Ay Ay
fafOL Al Rlal| dr
A A

(29)

,r
+hyp [F AT Avdr —cpV [EAT A, dr
T
A
P = [ || ¥(r)ar
A

trong d6 (.) , va(.) ,, lan lugt la dao ham bac mot
va bac hai déi vé6i r.Bang céch tip hop su dong gép
cuia tt cd cac phén td,ta thu dugc hé phuong trinh
tong thé:

Md+Cd+Kd=P (30)

Phuong trinh dugc gidi bang phuong phép s6 New-

mark véi gia toc trung binh, trong d6 v = % vap =1

4
KET QUA sO

Kiém ching dé tin cay ctia MIGA

Dé xac minh tinh chinh x4c ctia MIGA dugc dé xudt,
cac két qua bing s6 dugc so sanh véi nghiém gidi tich
va cac két qua s6 da dugc cong bo trude d6. B chinh
xac ctia phuong phéap dugc danh gia dya trén sy phu
hop ctia cac dép ting chuyén vi va sai s6 tuong doi gitia
két qué hién tai va nghiém d6i chiéu.

Céc s6 liéu dung dé phan tich ting xt ctia ddm dugc
chon tit cac nghién ctiu da cong b6 d€ dam béao do tin
cay cho qua trinh kiém chiing MIGA. Cac thong s6 cu
thé nhu sau:

Phan tich tinh: S6liéubao gém 13: E1 = 25E,, Gy3 =
0.2E27 G]z = G]3 = O,SEQ7 Vi = 0.257 pP= 1.

Dao d¢ng tu do: S6 liéu gom c6': E| = 40E,, vip =
0.25, pP= 17 G23 = 0.5E2, G]2 = G13 = 0.6E2
Phan tich tai di chuyén: S6 liéu dugc ldy tit nghién
ctiu ctia Koh va cong su®, nhu trong Bang 1.

Bang 1: Cac tham sé dam, tai trong va nén cho
phan tich tai trong chuyén dong®

E 2x10MPa  ky  1x107N/m?
I 306x107°m* ¢ 4900 Ns/m2
m 60 kg/m F. 4900 Ns/m?

L 50m V 20 m/s (72 km/h)

Két qua phén tich hoi tu

Két qua hoi tu dugc trinh bay nhu trong Hinh 3 va
Hinh 4. D4i v6i cac bai toan tinh va dao dong tu do,
b4ac NURBS dugcchonla p=4,ludiphintilan =15
. Bai todn tai trong di chuyén, chon p=4 va n=100
phén ti, budc thoi gian khao sat Ar = 0.005(s) .

Két qua phén tich tinh

Bang 2 thé hién két qua d¢ vong khong thi nguyén
¥ = 100E; h? Av/gL* cta dAm composite, chiu tai
trong phan b6 déu, trong d6 v biéu thi d6 vong & gitia
nhip, A la dién tich mit cit ngang, g la tai phan b6
déu.

Bang 2: Dd véng khéng thir nguyén ciia dam
composite (0°/90°/0°) duéi tai phan bé déu [Nguén:
Nhém tac gia]

L/h  Phuong phép Diéu kién bién
Khép Ngam Cong-
xOn

5 Chinh xac 2.4120 1.5370 6.8240
3D13

MIGA 2.4265 1.5398 6.8464

10 Chinh xéc 1.0960 0.5320 3.4550
3D13

MIGA 1.1033 0.5341 3.4676

50 Chinhxdc  0.6650  0.1470  2.2510
3D13

MIGA 0.6649 0.1472 2.2522

Ung suit khong thd nguyén G, =

W6, (L/2,h/2) VA Tey =57,y (0,0)duoe thé
hién trong Bang 3.

Su phan bd cla ting sudt cat va tng suét phap chudn
héa theo chiéu day cia ddm composite, v6i L/h = 5
dugc trinh trong Hinh 5.

Két qua trén Bang 2 va 3 va Hinh 5 cho thdy c6 su
tuong dong vé d6 vong va ting suit gitia phuong phap
MIGA so v6i cac két qua tham chiéu. Diéu nay chiing
minh d¢ tin cdy ctia MIGA trong phan tich tng xu
ctia két cdu ddm chiu tai trong tinh.

Két qua phén tich dao dng tu do
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92143 . : . . . : y
- —d—p=3
9.214 ——p=t | ]
Eoans| =N
==.19._1:. o=
Fonst E
2
=92125 ¢ 1
E
2 9212 1
]
«g 92115 1
= oon | 1
92105 i - -— 1
o1l I . 1 . 1 . ] ]
3 10 13 0 23 30 35 40 45
So phan i

Hinh 3: Su hoi tu cla dam chiu tai tinh (trai) va dao dong tu do (phai) [Nguon: Nhém téc gial

2432 . . . . . . .
+F=
2431 ——p=
S p=3
g 243 P
B 2 *
£
= 2429
o
£
§ 2428
-1
B .07
‘g 2427
= . —
T 242
2425 L ] — . ] M ]
3 10 5 2 23 330 33 440 £
So phan ti
> Hi ty lwéi phin tik va bic NURBS
—a—p=3
-1.601 "
-1.602 - p=5
_ —a—p=5
£-1.603
=164
-
-5 -1.605
=
£ -1.606
1.607
-1.608
-1.608
100 120 14Q . 1680 180 200
So phan tir

#h

Hii ry buwire thivi gian
160794 —e—MIGA
-1.60796
£ 160758
=
"8 -1608
E}
:-'_.
-1.60802
-1.60804
B R N
7 ¥ F ® @ Qe“ Qs‘“ Q@’ o Q;i? Q\‘??'

Budc thai gian ﬂ‘ (s)

Hinh 4: Su hoi tu clia ludi va bac NURBS (trai), va budc thai gian phan tich (phéi) [Nguon: Nhém téc gial

—a— Vo vi Thai [14]

Try

Hinh 5: Ung suét chuan héa phan bé theo chiéu day ciia ddm composite tua don véi L/h = 5 [Nguén: Nhém tac

gial
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Bang 3: Ung suat khéng thi nguyén cia dam
composite ba I6p (0°/90°/0°), tua don va chiu tai phan
bé déu [Nguén: Nhém tac gial

L/h Phuong phap O, Ty
5 Vo va Thai 14 1.0670 0.4057
MIGA 1.2049 0.3888
10 Vo va Thai 4 0.8503 0.4311
MIGA 0.8707 0.4254
20 Vo va Thai# 0.7961 0.4438
MIGA 0.7987 0.4446

Bang 4 trinh bay céc tan s tu nhién khong thii nguyén

A N o A e o< wxL? 7,e
déu tién ctia ddm composite @ = 3=\ /p/E; v6i
cdc cach b6 tri sgi va cdc diéu kién bién khac nhau,

trong d6 w la tin s6 tu nhién, va p 1a khéi lugng thé
tich.

Két qua trén Bang 4 ciing thé hién d¢ tin cdy cao cua
MIGA trong phan tich dao dong, khi s6 liéu cho thiy
tan s6 khong thtt nguyén dya trén MIGA c6 sai s6 réd
nho khi so v6i nghiém giai tich 3D.

Két qua phan tich tai trong chuyén dong

Hinh 6 minh hoa lich st thoi gian cta d6 vong ctia
ddm tai diém dit tai trong. Dam dao dong trong giai
doan dau, nhung nhanh chéng chuyén vé trang thai
bén tinh khi cdc diéu kién 6n dinh dugc thiét lap. Ly
do la vi tinh chat bt bién theo thoi gian clia tai trong
chuyén dong va gia dinh bé mat ddm nhén hoan toan,
dan dén lyc kich thich khong phu thudc vao thai gian.
Nhiing quan sat nay phi hgp véi béo cdo bsi Koh va

cong sud.

-1.6065
. -1.607
E
£
E'-l.so'.'s
<3
s
5
=
o

-1.608 VVV\N‘”
-1.6085 ‘ : :
0 0.1 02 03 04 05
Thai gian (s)

Hinh 6: Chuyén vi clia dam theo thaoi gian tai diém
dat tai [Nguén: Nhom tac gial

Hinh 7 va Bang 5 so sanh d6 vong ctia ddm duya trén
phan tich bang MIGA, phuong phép bién déi Fourier
(FTM) va MEM 8. Két qua cho thay, d6 vong dya trén
MIGA gén gioéng v6i nghiém tham chiéu FTM doc

=
s

=
e

(Jhuyén vi (mm)

¥}

-10 -5 0 s 10
Toa d0 doc truc dam (m)

Hinh 7: Chuyén vi cia dam doc theo hudng di
chuyén cda tai [Nguén: Nhom tac gidl

Bang 5: So sanh hiéu qua giira MEM va MIGA véi FTM
[Nguén: Nhém tac gial

Phuong Do vong 16n Sai s6 so Thoi gian
phép nhit voi FTM tinh toan
(mm) (%) (s)
MEMS 1.60632 0.16 6.328497
MIGA 1.60797 0.058 1.943202
FTM 1.6089 = =

theo toan bo chiéu dai d4m, trong khi biéu d6 cua
MEM cho théy d¢ vong 16n hon mét chat & vi tri tai
tac dung. Bang 5 ciing cho thdy, sai s6 tuong doi gitia
FTM véi MIGA nho hon déng ké so véi MEM. Hon
niia, MIGA c6 thoi gian tinh toan it hon MEM. Hiéu
sudt dugc cai thién nay la do tinh tron va tinh lién
tuc cao ctia cdc ham co s6 NURBS, cho phép du dodn
chinh xac vdi it bac tu do hon.

Nhin chung, nhiing két qua phén tich & trén xdc nhin
rdng MIGA la phuong phép tinh todn chinh xdc va
hiéu qua d€ phan tich cac két cdu dam chiu tai trong
chuyén dong.

Ung x{f cia dam composite trén nén dan
nhét chiu tai trong chuyén déng

Do tin cdy clia cong thiic MIGA da dugc xac minh
trong Phan 3.1 thong qua so sanh véi cac két qua san
¢6 cho c& d4m composite chju tai tinh va dim ding
huéng chiu téi trong chuyén dong trén nén dan nhét.
Do cong thitc chu dao van giti nguyén va chi c6 mé
hinh vét liéu va cdu hinh hinh hoc dugc mé rong nén
khung MIGA da dugc xic thuc c6 thé dugc st dung
mot cach déng tin cdy cho nghién ctiu s6 dugc trinh
bay dudi day.

Xétdadm c6 L =50m, va h x b =0.3 x 0.2m; Tai trong
P =4100 x 9.81N di chuyén véi van toc tit 5+-80m/s.
Do cling nén thay déi kr = 1 x 107 +3 x 10'N/m?,
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Bang 4: Tan s6 khéng thi nguyén dau tién ciia dam composite [Ngudn: Nhém tac gia]

Lép L/h Phuong phap

3 (0/90/0) 5 Giai tich 3D1
MIGA

10 Gidi tich 3D1
MIGA

10 5 Gidi tich 3D1

(0/90/...)

MIGA

10 Giai tich 3D1
MIGA

Diéu kién bién

Khép Ngam Cong-xon
9.208 11.603 4234
9.2107 11.891 4.257
13.614 19.712 5.495
13.615 20.088 5.507
8.156 10.784 3.527
8.226 11.031 3.539
10.893 17.580 4.197
10.998 17.869 4.202

va hé s6 can ¢y = 1 x 4900 = 10 x 4900Ns/m”. Vat
liéu c6 E; = 1.0756 x 1019Pa; E; = 1.3238 x 1011 Pa;
Ga3 = 3.606 x 10° Pa; G13 = 5.6537 x 10°Pa; G5 =
Gi3; via = 0.24; p = 1.29 x 10%kg/m3. Dam c6 ba
16p v6i hudng sgi 0°/90°/0°.

Hinh 8 thé hién d6 vong 16n nhit ciia ddm compos-
ite d6i voi cdc gid tri khac nhau cua d6 cling nén kv,
gidm chan ¢y va t6c d¢ tai V. Két qua cho thdy, khi
do ctiing nén ting, do vong cua ddm giam di dang
ké. Ching han, § ky =1 x 107 N/m?, d6 vong nim
trong khoang —0,954 dén —0,964 mm; trong khi
& kr =3 x 107 N/m?, d6 vong giam xudng khoang
—0,4275 d@n —0,429 mm. Két qua trén biéu d6 ciing
thé hién viéc ting do cling nén sé lam ting d¢ clng
udn ctia hé thong ddm-nén, nhung lam giam d¢ nhay
ctia chuyén vi v6i cac thong s6 khéc.

Can nén ciing ¢6 sy anh hudng nhit dinh t6i chuyén
vi ctia ddm. Téng can nén dan t6i chuyén vi gidm, tuy
nhién & t6c do thap (V <20 m/s), mtic 40 anh hudng
cta can khong 16n. 3 téc do cao (V > 30 m/s), miic
d¢ anh hudng cta can trd nén rd rang hon. Cu thé, &
kr=1x 107 N/m?, van t0c V = 80 m/s, vGi can nén
¢ = 1 %4900 N-s/m?, d¢ véng ctia ddm la —0,964
mm; nhung khi ting lén ¢y = 10 x 4900 N-s/m? thi
do6 vong giam xuéng con —0,954 mm. Diéu nay chira
ring can nén chi trd nén hiéu qua khi dao dong dong
luc hoc ctia hé dugce kich thich dang ké.

Anh huéng cta vén téc tai: khi do cting nén ks 16n
(ky=2x10va 3x10 N/m?), chuyén vi clia ddm ting
theo van tdc tai, dc biét khi can nén ¢y nhd, cho thay
anh hudng r6 rét cta hiéu ting dong. Ngugc lai, d6i
v6i céc truong hop do cling nén ky nho, cic dudng
chuyén vi ting véi cdc van t6c khac nhau cit nhau tai
céc gid tri can nén cy =7.5x4900 N-s/m? (v6i k=
1x10 N/m?) va ¢ y=9x4900 N-s/m* (v6i ks = 1.5x 10

N/m?). biéu nay cho thdy c6 sy ton tai vé gid tri can
t6i han ctia hé. Khi ¢y nho hon gid tri t6i han, van téc
tai cang tdng sé gy ra chuyén vi cang 16n do su chi
phdi ctia hiéu ing quan tinh. Tuy nhién, khi ¢y vugt
qua ngudng t6i han, can nén trd thanh co ché chi phéi
chinh, lam suy gidm ding ké thanh phan ddng, dan
dén viéc van t6¢ 16n hon lai cho chuyén vi nho hon.

KET LUAN

Nghién ctiu nay da phét trién va xdc thyc toan dién
mot cach thic ti€p can mdi cho phéan tich cic két
cdu ddm composite siéu dai chiu tdc dung tai trong
di dong. Nhiing két luén chinh dugc rut ra nhu sau:
e MIGA dugc xay dung béng cach két hop tinh lién
tuc bac cao ctia IGA v6i hiéu qua tinh toan cia MEM,
cho phép phan tich chinh x4c va hiéu qua cac ddm siéu
dai chiu tai trong di dong.

e Két qua ctia MIGA cho thdy su tuong dong véi
nghiém giai tich 3D va cac phuong phép s6 khac, véi
sai s6 1a rdt nho, trong khi gidm dang ké chi phi tinh
toan.

e Anh hudng ctia van tdc tai t6i chuyén vi ctia ddm
phu thudc vao gia tri can nén t6i han, khi cdn nén nho
hon gid tri t6i han, van téc tai cang l6n thi chuyén vi
cang tang. Ngugc lai, khi can nén vugt qué can téi han
sé lam suy gidm thanh phan dong va dan dén chuyén
vi gidm khi van tdc tai tang.

¢ D¢ cling va can nén c6 anh hudng 16n dén chuyén
vi cia hé ddm-nén chju tai trong di chuyén. Viéc ting
do cling nén lam tang d6 cling udn téng thé ctia hé, va
lam gidm d6 nhay ctia chuyén vi d6i v6i cdc tham s6
dong khac. Tang can nén lam gidm do vong, nhung
chi 6 rét & cac van tdc tai 16n.

Nhin chung, phuong phap MIGA 1a mét c6ng cu viing
chéc va hiéu qua dé phan tich ting x& két cdu ddm co
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Trwéng hop @3 cimg nén kf =1e7 N'm*
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102 03 4 5 6 1T 8 9 10
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2 4 6 8 10
Db can nén (<4900Ns'm?)

Hinh 8: D6 vong I6n nhat cla dam composite véi hé sé nén va van téc tai khac nhau [Nguén: Nhém tac gial

chiéu dai rét 16n, chiu tai trong di dong va st dung vat
liéu di duéng. Céc nghién ctiu trong tuong lai nén mé
rong phuong phap MIGA cho cac két cdu ddm va tdm
ba chiéu véi cac cdu hinh hinh hoc phtic tap, dong
thai tiép tuc cai tién, thu gon mo hinh dé ting hiéu
qua tinh toan.

DANH MUC TU VIET TAT

MEM: Phuong phdp phan ti chuyén dong (moving
element method).

FEM: Phuong phap phan tt hitu han (finite element
method).

MIGA: Phuong phdp ddng hinh hoc chuyén dong
(moving isogeometric analysis).

FTM: Phuong phap bién d6i Fourier (Fourier trans-
form method).
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ABSTRACT

This paper presents a novel numerical approach that combines isogeometric analysis and the mov-
ing element method, referred to herein as moving isogeometric analysis, for the dynamic analysis
of ultra-long composite beams subjected to moving loads on viscoelastic foundations. In the pro-
posed formulation, the moving coordinate system of the moving element method is integrated
with the NURBS-based functions of the isogeometric analysis, enabling exact geometric represen-
tation while significantly improving computational efficiency for large-span structural problems.
To accurately capture the mechanical behavior of composite materials and the effects of trans-
verse shear deformation, a higher-order shear deformation theory is employed. The use of NURBS
basis functions not only eliminates geometric approximation errors but also naturally satisfies the
higher-order continuity requirements of the higher-order shear deformation theory, thereby en-
hancing the accuracy and numerical stability of the proposed model.

The reliability and effectiveness of the moving isogeometric analysis approach are validated
through several numerical examples and comparisons with analytical solutions as well as previ-
ously published results. The obtained results demonstrate that the proposed method achieves ex-
cellent agreement with three-dimensional elasticity solutions in static analysis. In dynamic analysis,
the moving isogeometric analysis provides results that closely match the reference solutions while
requiring less computational time than the conventional moving element method and yielding
higher accuracy compared with the Fourier transform method. Finally, the influences of viscoelas-
tic foundation parameters and moving load velocity on the dynamic responses of composite beams
are systematically investigated and discussed in detail.

Key words: moving isogeometric analysis, composite beams, moving loads, NURBS, viscoelastic
foundation
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