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AT LIEU

Ung xtt ctia dim Timoshenko ba nhip trén nén dan nhét phi tuyén bac ba

Poan Kiéu Vin Tam"
!Khoa Ki thuit va Coéng nghé, Tridng Dai hoc Quy Nhon

TOM TAT
Ung xit déng Iuc hoc ctia ddm Timoshenko ba nhip trén nén dan nhét phi tuyén bac ba digc phan tich trong

TU KHOA

Dim Timoshenko ba nhip

Nén dan nhét phi tuyen bac ba bai bdo. M6 hinh nén dan nhét phi tuyén béac ba theo chuyén vi v6i sau thong s6 nén doc lap dugce xem xét.

Tich phan so Tai trong 12 mét lizc tap trung di dong véi van téc nhanh din déu. Hé phwong trinh chuyén dong cha dao
duogc thiét 1ap va dugce giai bing phuong phép tich phan titng budc trén toan mién thdi gian Newmark.
Trén co s&, nghiém ciia phitong trinh 13 chuyén vi clia dim duge xac dinh, két qua sb dwoc khao st cho

thy anh hudng cta cac thong sb nén, dim, tai trong dén phan tng déng ctia dam.
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ABSTRACT

The dynamic reponse of a three-span Timoshenko beam resting on a cubic nonlinear viscoelastic foundation

is investigated in this paper. A displacement-dependent cubic nonlinear viscoelastic foundation model with
Numerical integration six independent foundation parameters is considered. The concentrated moving load is considered with
various cases: Velocity of load assumed to be constant; Moving load as a uniform increasing or decreasing
motion. The governing equations of motion are established and solved using the Newmark direct time
integration method over the entire time domain. Based on the obtained solution of the governing equation,

deflection of beam is determined. Numerical investigations are then conducted to evaluate the effects of the

foundation, beam, and loading parameters on the dynamic response of the beam.

1. Giéi thiéu

Ung xtt déng lwc hoc ctia dAm trén céc loai nén khéc nhau chiu
tai trong di dong gitip mo ta va dy doan ng xt cho nhidu két ciu trong
thite t& nhu két ciu cAu, duong sit, mit dudng san bay, dng dan chit
16ng theo phitong ngang... D& phan tich bai todn, mé hinh két ciu dugce
st dung 14 dim theo 1y thuyét Timoshenko hoic Euler-Bernoulli trén
nén dan hdi chiu tai trong di dong. Phu thudc vao tinh chit co hoc cia
d4t nén, sy twong tc trong thuc té giita két cAu va dit nén ma mé hinh
dit nén dugce lwa chon. Nam 1867, E. Winkler dwa ra md hinh nén dan
héi tuyén tinh Winkler, xem dAt nén 12 mét tap hgp ddng nhit cia
nhitng viing khéng gian gin nhau nhung ton tai doc 1ap tuyén tinh v&i
nhau, mdi viing 12 mot 10 xo dan hdi ¢6 d6 citng k. Tuy con kha don
gian nhung mé hinh niy di tao co s tién dé cho cac bai todn nghién
cltu ing x{t ctia dAm trén nén ra doi. Néi bat nhu nghién citu clia tic
gia D.Thambiratnam, Y.Zhuge ?, gi¢i han ctia mé hinh Winkler 14 khong
phan anh duge sy lién tuc lién két gitta cac ving dit nén 14n can, nén
chi 4p dung dbi v&i méi tridng dét rdi; Nhuge diém nay dugce khic
phuc béi mét s6 mé hinh nén dan hdi tuyén tinh hai thong s, ndi bat
nht mé hinh nén Filonenko-Borodich, mé hinh nén Hetenyi, mé6 hinh
nén Pasternak®?,

Ciing v6i s phét trién manh mé ctia cdc cong cu hd tro tinh toan,
mo hinh nén véi nhidu théng sé doc 14p mé ta @ng xi phi tuyén cua
nén trong qué trinh twong tac véi dim, cho két qua phan tich dong hic
hoc thu dwgc nghiém gin ding hon so v&i thyc té. Trong nghién citu
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clia T.Dahlberg®, dd khing dinh didu niy qua xem xét bién dang ctia
dwong ray v6i 1an It mé hinh nén tuyén tinh, mé hinh nén phi tuyén
va két qua thi nghiém trong thutc t&. N&i bat 12 cdc nghién ctiu cia tac
gia Younesian®, D.Younesian®, Ding’® stt dung mo hinh nén phi tuyén
ba théng s6 xét dén tinh can nhét ctia dat nén va phi tuyén bac ba theo
chuyén vi khi khao sit. Bai bdo niy Phén tich @ng x ctia dim
Timoshenko ba nhip trén nén dan nhét phi tuyén béc ba chiu tai trong
di dong, m6 hinh nén dan nhét phi tuyén béc ba v6i sau théng sb doc
14p. Mo hinh nay phan anh dugc mitc dd phic tap trong qué trinh @ng
xt thite té ctia dit nén twong tic véi dam ¢ xét dén anh huwdng cia
Iue cét khi bién dang nhit mé hinh dAm Timoshenko, khi chiu tai trong

di déng v6i vén téc thay dbi.

2. Phuong trinh chuyén dong
2.1. M& hinh két cdu

Hinh 1 thé hién mé hinh két cAu ctia hé gdm dim ba nhip, nén, tai
trong. Trong d6, dAm ba nhip ditg'e mo ta theo 1y thuyét dAm Timishenko
¢6 ké dén lyc cit khi xét bién dang, tiét dién mit cit ngang khong dbi
A(m?), moment quan tinh I(m*), chiéu dai L(m), ddng nhit v&i khbi
lwgng riéng p(kg/m?), modul dan hdi E(GPa), modul cit G(GPa) va
viing cit hitu hiéu k’A. M6 hinh nén dugc mé ta nhu mé hinh nén phi
tuyén Pasternak v&i d6 ciing 13 ham tuyén tinh, phi tuyén bac ba theo
chuyén vi va ké dén tinh can nhét, dugce cho bdi biéu thic sau:
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s dU(X,T)
PrX,T) = kUK, T) + ks UK, T) + == G

aP(X,T)
Mp(X,T) = kep(X,T) + ¢ 222 (1)
trong dé: Pr(N/m), M;(N)lyc sinh ra mé men b&i dAt nén trén

02U(X,T)
ax?

mot don vi chidu dai dim, k, (N/m?)thong s6 nén tuyén tinh, k,(N/m*)
thong sb nén phi tuyén, G, (N), u(Ns/m?) lan luot 1a thong sb cit, hé sb
can ctia nén, T(s) 1a dai lugng thoi gian, X(m) 1a toa do doc theo truc
ddm, U(X,T) 12 ham chuyén vi theo phuong ditng, ¥(X,T) 13 ham
chuyén vi xoay, thong sb d6 cting kg(N) va thong s6 can c(Ns)ctia nén.

Trong m6 hinh két ciu, tai trong di dong 13 lvc tp trung c6 vin
tdc thay déi nhanh din theo thdi gian dwge mé ta nhu sau:

f(X,T) = Fy8[X — (VT +0.54,,T?)] (2)

trong d6: §(X — VT) la ham Dirac-Delta, V(m/s) la van tée lue di

dong, A, (m/s?) 1a gia tde luc di dong, F,(N)1a bién do ctia luc di dong.

DAm Timoshenko

3
! Lép cét

Hinh 1. M6 hinh ddm Timoshenko trén nén dan

nhét phi tuyén béc ba chiu tai trong di dong.
2.2. Thiét ldp phwong trinh chuyén dong

Hé phwong trinh vi phén chuyén déng ch dao ctia ddm dugc thiét

1ap cén ct trén ly thuyét dim Timoshenko va didu kién can bang luc:

+kAG o _oU + kU +
aT2 X ax2 !
., 0U
kU +ua—T—Gan2—FO5[X (VT + 0.54,,T?)]
pla?—El—+kAG[lp——]+kflp+cfa =0 (3)

St dung cac théng s6 va cac bién khéng thit nguyén nhu sau:

Y =1; vzv\/é; a=A,L
_Ka, el kal?,
a=—; B=k'AG—; k1<—>EA, (€))

ksL* u oLz 1
ky & ——; o= = G, G6,—;
3 o HTQ pE’ P PEa’

Foi kfL? cr (12
F.. o Foi. PIRLTL o2
0i "7 gp’ kr g I | pE

v6i x 1a toa d6 khong gian khong thit nguyén, ¢; la dai lugng thoi

gian khong thé nguyén. Do d6 (3) dwgc chuyén vé& dang biéu thitc
khong th@ nguyén cﬁa phu’dng trinh chuyén déng cht dao nhu sau:
at  Pox?
= Fyb[x — (vt + 0.54,,t)]
%y %y
-tk =0 ®
Hé phuong trinh (5) la hé phu’o?ng trinh vi phan chuyén déng ctia

*u ou 9?
6t2 ———+k1u+k3u tu—-0G

dim trén nén dan nhét phi tuyén béc ba, ddy 14 phuong trinh dao ham
riéng v&i 4n s6 1a chuyén vi ctia dAm.

2.3. Gidi hé phuong trinh

Phén tich ham chuyén vi u(x, t), ham géc xoay ¥ (x, t) thanh tdng cac
tich hai ham riéng biét 1an lugt theo bién khong gian x va bién thoi gian ¢
u(x,t) = Lt GO Pr(x), @i (x) = sin(kmx) ©)
Y, ) = Xir S (v (), vy (x) = cos(kmx)
trong d6: ¢ (x), v (x) 1a ham thi; g, (t), & (t) 1a tap hop toa do
suy rong ctia dAm. Thay (6) vao (5) duge biéu thic:

D {60 + e (© + [k + 6, (em)? + akm?) g (O} b ()}

k=1

n n 3 2

~a [Z (k) £ (O ()| + s (Z 4 ¢k(x>> = D Fudlx -t
k=1 k=1 i=1

D {E® + e + [y + Ge)? + Bl i)

k=1
—BEk=1(km) g (v ()] =0 (7)
Ung dung phwong phap Galerkin, ham trong s6 w;(x) dugc 1y
bing ham thi ¢, (x), vy (x), tién hanh tich phan trén mién [0,1]

| bcomeadr={,, 1)

[wom@a={7, (I} ®

Thay biéu thitc (8) vao hé phuiong trinh (7) ddng thoi ap dung
phép ciu phuong tich phan dé bién dbi tich phan, duoc hé phuong

trinh sau:
iz'i(t) + g (8) + [ky + Gy (km)? + a(km)?]q,(t)

+2k3z Fyw,(x)) — aGm)E (£) = Fyd[x — (vt + 0.54,,t7)]

fl(t) + ¢péi(©) + [ke + (kem)? + B&:(6) — B(im)q; (1) = 0
i=12,....,n (9
Vay hé phwong trinh vi phan cha dao khéng thit nguyén ban diu
(5) da duoc bién ddi thanh hé phuong trinh vi phan thudng (9) c6 dang
phi tuyén bac ba theo toa d6 suy rong chi phu thudc vio bién thai gian
t. Phwong trinh nay hoan toan giai duge bing phiwong phap Newmark.

3. Kétquasbd

Khao sat sy hoi tu s6 hang Galerkin n va tic d6ng ctia tiing théng
thé dén chuyén vi ctia dim duoc trinh bay & muc niy. Trong dé, cic
dai Ivgng vat 1y va hinh hoc ctia dAm Timoshenko, nén, tai trong dugc

liét ké trong Bang 1°.

Bang 1. Céc thong sb nén, dim, tai trong.

Danh muc . Gi4 tri khong
Gia tri
dai luong th@ nguyén
Modul dan hdi E
6.998 -
(GPa)
N Modul bién dang
Dam . 77 -
cat G (GPa)
Khéi livong rién:
7n8 8 2373 -
p (kg/m?)
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-0.0005

4 42 44

Danh muc . Gia tri khong
. Gia tri ) .
dai luong thit nguyén
Chiéu cao tiét
- 0.3 -
dién h (m)
Bé rong tiét dién 1
b (m)
Chiéu dai L (m) 160 -
Heé sb cit k' 0.4 -
a - 4.401
B - 1.502x107
Hé s6 nén tuyén
i 8 97.552
tinh k,; (MPa)
Hé s6 nén phi
tuyén ks 8 2.497x10°
(MN/m*)
a Hé sb can
Nen ; " 0.3 39.263
(MNs/m?)
Modul bién dang
. 6.669x107 0.0318
cat Gp (N)
Hé s6 k; (N) 108 1.626x10°
Hé s6 ¢; (Ns) 1.5x10° 2.618x10*
Tai trong b6 16n Fy (N) 2.126x10° 1.01x10*
di dong | van téc V (m/s) 20 0.01165
00030 | <
N
Y ——n=25
0.0025 § A w0
00020 | =S
\ B =50
0.0015 ® n=60
0.0010

46 48 5

Biing cach thay d6i 14n lwot gia tri tirng théng sé trong Bang 1 va
gilt nguyén gié tri cac thong sb con lai, sau d6 tim chuyén vi dim tng
v6i tredng hopn = 45. Tit d6, tién hanh khao sat tic dong clia cac théng
s6 dén lich st chuyén vi gitta dAm khi tai trong di dong. Két qua khao
sat duoc thé hién & dd thi Hinh 3a dén Hinh 3f theo th ty 14n luot:
hé s6 can nhét ctia nén g, modul bién dang cét ctia nén Gy, modul bién
dang cit ctia dAm G, hé s6 nén phi tuyén ks, gia tri van tdc tai trong V.
Tit d6 thi Hinh 3, nhan thiy gia tri 16n nhit ciia chuyén vi giita dim
khi lue di déng tai gitta dAm (c6 thé sai s6 +0.1 %), riéng v&i trudng
hop thong s6 u thi xuét hién muoén hon khi tang gia tri ¢ (Hinh 3a).
Nhv vay khi ting gid tri u thi gid tri 16n nhét ctia chuyén vi giita dAm
giam va xuét hién mudn hon. Do d6 thong sb ucé ¥ nghia quan trong,
khong thé bé qua khi phan tich ng x{ ctia dAm Timoshenko trén nén
dan nhé6t phi tuyén bac ba chiu tai trong di dong. Hinh 3b cho thiy khi
b6 qua tinh cit ctia nén G, = 0 thi gia tri 16n nhét ctia chuyén vi dim
12 16n nhét ddng nghia véi gi tri 16n nhét cta chuyén vi dim trén mo
hinh nén Pasternak nho hon nhiéu so v&i dim trén mé hinh nén dan
hoi Winkler. Pdng thoi khi cang giam gia tri modul bién dang cit ctia
dim G nghia 12 loai bo din sy anh hwéng cta tinh cit dén Gng xit dAm
hay néi cach khdc mé6 hinh ddm Timoshenko din tr& thanh mé hinh
dim Euler — Bernoulli thi gi tri I6n nhét cta chuyén vi dim ting nhw
Hinh 3c. Tuwong tu khi ting gia tri hé s6 nén phi tuyén k; thi gia tri 1én
nhét ctia chuyén vi dAm giam thé hién trén dd thi Hinh 3d. D thi Hinh
3e, Hinh 3f thé hién anh huwéng cta thong sé vén tée tai di dong V dén
chuyén vi dAm. Qua d6 riit ra két luan chuyén vi gitta dim gin nhu
khéng thay ddi khi tai trong di déng nhanh din d&u hodic cham din déu.
Tuy nhién khi ting d6 1&n gi4 tri van tdc tai di déng thi chuyén vi 16n

nhét ctia dAm giam.

Khio sif chuyéa vi dim khi bf 56 cin aht cia nen thay i

Hinh 2. Chuyén vi giita dAm khi lyc di dong v6i n thay déi.

Hinh 2 thé hién dd thi chuyén vi giita dAm khi lyc di dong tng
v6i titng tredng hop n . Nhan thiy, db thi c6 tinh chit dbi xing qua
truc diing tai diém T = 4s; Chuyén vi giita dAm ting khi T < 4s va dat
gia tri 16n nhét tai T = 4s, sau &6 giam v& 0 khi T > 4s. Khi gia tri n
con nh, ¢6 sy khéac 16n khi so sanh cdc chuyén vi gitta dim @ng trén
tiing dd thi, su sai khac nay giam dan khi ting din gi4 tri n. So sanh
truong hop n = 40 va n = 45 c6 thé thiy sy riéng biét giita hai duong
dd thi, tuy nhién v&i ba duwong db thi n = 45, n = 50, n = 60 gin nhuw
tring nhau. Pong thoi, khi ting s6 hang Galerkin ngia tri chuyén vi 16n
nhét tai gitta dim ting, d¢ sai 1éch gi4 tri nay véi tiing triedng hop giam
din khi n ting va gia tri do sai léch giita hai trudng hop n = 45 va
n =50 bing 1,25 % la nho. Tit d6 két luan ring véi gia tri sb hang

Galerkin n = 45 bai toan tng xtt ddng ctia dim dat sy hoi tu.
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Hinh 3. Khao sat anh huéng cac thong sé dén chuyén vi dam.
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4. Kétluan

Tit cac két qua ctia bai bdo nay, mét sb két luan duge so luge
nhu sau:

- M6 hinh cua hé gém ¢6 dAm Timoshenko ba nhip, tai trong tap
trung di dong va nén dan nhét phi tuyén béc ba dugc thiét 1ap. Phuong
phép tich phén sé theo thdi gian Newmark dwge ap dung dé giai hé
phuong trinh nay va tit d6 nghiém ctia bai toan 14 chuyén vi ditng cua
dam dugce xéc dinh.

- Két qua sb chi ra ring: hé sb can nhét clia nén p ¢6 y nghia quan
trong, khong thé bo qua trong bai todn phén tich @ng xtt dim; Gi4 tri
16n nhét ctia chuyén vi dim trén mo hinh nén Pasternak nhé hon nhiéu
so v6i dAm trén mo hinh nén dan hdi Winkler; Piéu nay twong ty khi
st dung 1y thuyét dAm Euler - Bernoulli thay cho dim Timoshenko; Gia
tri chuyén vi giita dAm chi phu thuéc dén 16n tai trong , khéng phu

thudc téc d6 di chuyén nhanh din hay cham dén cta tai trong.
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