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TOM TAT

Bai bdo nay xay dung ly thuyét va phuong phap s méi dé phan tich ing xr dong clia tdm nhiéu
|6p dat trén nén Pasternak chiu téi trong di ddng vdi gia tée thay d6i va xét &nh hudng clia nhiét do.
Phuong phép dugc nghién cliu trong bai bao 1a phuong phap tdm nhiéu Idp chuyén déng MMPM
(Multi-Layer Moving Plate Method). Ngoai ra, bai bao st dung ly thuyét tdm day Mindlin va nguyén
ly cong &o dé thiét lap phuong trinh chti dao mé td chuyén dong tam va luc tac dong. Tam sau
dé duac roi rac thanh cac phéan tr 9 ndt bang phuong phap MMPM, va ghép néi cac ma tran phan
tl vao ma tran téng thé dé thu dugc phuong trinh chuyén dong téng quét clia tdm nhiéu 16p.
Phuong trinh téng quét nay dugc gidi bang phuong phép Newmark dé cho ra két qué cé hoi tu.
Bai bao thuc hién dugc kiém chiing vdi cac két qua thu dugc & trudng hap téi tinh va tdi dong dé
so sanh vai cac cong trinh da cong bé nham ching minh dé tin cdy clia cac két qua trong nghién
cliu nay. Tiép theo, bai béo khao sét cac bai toan véi nhimg gia tri gia tée khac nhau dé xem xét su
anh hudng clia dai lugng nay téi Uing xt tdm. Béng thai, anh hudng nhiét d6 dugc xem xét dén
chuyén vj clia tdm bang céch dat nhiét do tai mat trén cla tdm khac véi nhiét do tai mat dudi ctia
tam.

Ti khoa: Phuong phéap tdm nhiéu I6p chuyén dong (MMPM), tai di dong co gia téc, nhiét dé

GIGI THIEU

bi cung v6i su phét trién kinh t€ xa hoi thi nhu cdu di chuyén va van tdi hang héa ngay cang gia tang, vi lé do
ma co s6 ha tdng giao thong bao gom hé thong dudng bing san bay va dudng cao tdc nhan dugc nhiéu sy
quan tdm cua cong dong khoa hoc. Cac két cdu dang nay dugc mo hinh nhu 1a mét dam hay tdm trén nén
dan nhdt chiu tic dung ctia tai trong di chuyén. Mot s6 nghién ctu lién quan dén phén tich két cdu tdm trén
nén dan hoéi bing phuong phép giai tich phai ké dén nhu sau. Kim va Roeset ! da khao sat ting xt dong ciia
mot tdm dai vo han trén nén dan hoi chiu tai di dong hing s6 va tai diéu hoa, phuong phép bién d6i Fourier
FFT (Fast Fourier Transform) dugc st dung dé tim 15i giai cho phuong trinh chii dao. Tiép theo d6, Kim? da
phén tich ting x{ ctia tdim mong dai vo han trén nén Winkler va nén hai thong s6 chiu tac dung dong thai cua
tai trong nén tinh va tai trong chuyén dong. Sun? d st dung phép bién d6i Fourier dé tim 15i gii gii tich
cho bai todn tdm Kirchhoff trén nén dan nhét chiu tai trong di dong diéu hoa dang dudng tron. Xiang va
cong sut da cung cdp 10i gidi chinh x4c cho bai toan dao dong tdm day v6i bon canh tya don dit trén nén
Pasternak. Bing cach ap dung mét ly thuyét méi, Xing va Liu® da dé xuét 16i giai cho bai toan dao dong tu do
clia tim Mindlin chii nhat. Véi nhiing diéu kién bién phiic tap, Fan va Cheung® da st dung phuong phap dai
hitu han d€ phan tich dao dong tu do ctia tdim mong chit nhit. Cang bing phuong phép dai hitu han, Huang
va Thambiratnam’ phén tich ing xii clia tdm chit nhat trén nén dan héi chiu tai di chuyén c6 gia téc.

Nhiing nghién ctiu ké trén déu st dung phuong phap giai tich dé€ dua ra 16i gidi cho phuong trinh vi phan chu
dao mo6 ta chuyén dong tim. Mot phuong phap méi uu viét hon, tin dung stic manh dién todn clia méy tinh
d6i v6i nhiing tinh huéng phc tap nhu hé cé nhiéu béc tu do hodc tai c6 gia téc tén la phuong phdp phén tu
héiu han FEM (Finite Element Method) da dugc d4p dung vao nghién ctiu dong Iuc hoc két cau. Filho®, Hino
va cong su® va Olsson '° 1a nhiing nha tién phong trong viéc phat trién FEM vio nghién ctiu bai toan két ciu
d4m chiu tai trong dong. Tiép theo, c6 thé ké dén cic cong trinh ctia Thambiratnam and Zhuge !, Yoshida va
Weaver 12, Wu va cong sy '3 déu st dung phuong phép FEM d€ phén tich dong luc hoc két ciu tdm.

Koh va cong su'* d chi ra nhiing khuyét diém ctia FEM khi giai quyét bai todn tai di chuyén va dé xuit mot
phuong phap cii tién, tén 13 phuong phap phan ti chuyén dong MEM (Moving Element Method) d€ giai bai
toan tau-ray 1 chiéu. Tt nhiing nghién ctu trén cho thdy phuong phap MEM da mang lai nhiing lgi thé nhat

Trich dan bai bao nay: Hai TN, Thanh Quy N T, Hai L V. Phan tich @ing x& ddng ctia tam nhiéu I6p chiu
tai trong di chuyén véi gia téc thay ddi va anh huéng nhiét d6. Sci. Tech. Dev. J. - Eng. Tech. 2025;
8(1):2505-2516.
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dinh cho phan tich dong. Cac nghién ctiu sau d6 dp dung phuong phdp MEM c6 thé ké dén cic cong trinh
clia: Koh va cong su '°, Xu va cong sy, Cao va cong su!” vé két cdu tim.

Hién nay, tuy da c6 mot s6 nghién ctiu vé két ciu tdm stt dung phuong phap phén ti chuyén dong, nhung chi
dting lai & phén tich tdm don, mdt s6 nghién ctiu vé tdm hai 16p thi khong xét dén tac dong ctia nhan t6 nhiét
d0 cting nhu anh hudng gia téc tai trong 1én tng xt cla tdm. Vi vay, bai bdo nay sé tap trung phét trién
phuong phap MMPM dé€ phan tich ting x& dong ctia tdm hai 16p trén nén Pasternak chiju tai trong di chuyén
c6 gia toc va anh hudng ctia nhiét do.

CO SO LY THUYET VA PHUONG PHAP NGHIEN CUU

Tam nhiéu I6p dat trén nén Pasternak

M6 hinh vat ly

Xét md hinh tdm goém hai 16p dong nhit ¢ kich thudc dugc ky hiéu nhu sau: chiéu dai L va chiéu rong B;
tdm trén c6 bé day &, va tdm dudi c6 bé day hy,. Tam nhiéu 16p dugc lién két v6i nhau bang 16p Pasternak véi
cac thong s6 do cling k., hé s6 khang cat kg, va hé s6 can c.. Tim dudi dugc dit trén nén Pasternak c6 do
cling ki, r, hé s6 khang cit ky va hé s6 can c . Goi ugy, vor, Wor Va tp, Vob, Wop 14n lugt 1a cac chuyén vi theo
phuong x, y, z clia mot diém tai mit trung hoa ctia tim trén va tdm du6i; By, Byr va By, By 1a cic goc xoay
xung quanh truc y va x. Ky hiéu T;; va Tjp, 1an lugt la nhiét d¢ cia mat trén tdm trén va mat dudi tdm dudi.
Tai tap trung P di chuyén doc truc x ctia tdm véi van t6c thay d6i V duge thé hién ¢ Hinh 1.

L ,
S 7

" Vin tée V thay dbi
—

Hinh 1: M6 hinh tdm hai I6p dat trén nén Pasternak

Méi quan hé bién dang va ting sudt xét dnh huéng cta nhiét dé

Gid st ring trudng nhiét 46 khong doi trong mit phdng Oxy clia tdm va chi bién thién theo phuong bé day
tdm. Giai phuong trinh vi phdn mo6 ta phan bd nhiét d6 theo bé day tdm ctia ham phén bé nhiét d6 dugc biéu
dién nhu sau:

—d | dT

trong d6 K 1a hé s truyén nhiét ctia tdm va 1a hing s6 trong trudng hgp tdim déng nhit.
biéu kién bién dugc xem xét & phuong trinh (1) nhu sau:
o T4m trén:

T=Tu(z=h/2);T =Typ(z=—1/2) 2
o Tam dudi:
T =Ty (z=hp/2);T = Tpp(z = —hp/2) (©)

Ham nhiét d6 1a cdc da thic bic nhit dugc thé hién theo cong thic sau:

1
@) =Tt () (5 +5 ) @
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zZ 1
T (z) = Tpp + (Tpr — Tppy) (i + 5)

Nhiét d¢ tai vi tri ndi tiép gitia tdm trén va tdm dudi dugc cho boi cong thiic:
(Tt = Tip) bt (Tt — Tipy) hpy

ey K Wy )
K Kp K Kp

Ty =Ty =T — =T+

trong d6 T;;, Ty, 1an lugt la nhiét d6 tai cdc mat bién ctia tAm trén va tdm dudi; T}, 12 nhiét d6 tai méit dudi cha
tdm trén va Tp, la nhiét d6 tai mat trén clia tdm dudi; k; va K 14n lugt 1a hé s6 truyén nhiét ctia tdm trén va
tdm dudi; iy va hy, 1a bé day tdm trén va tdm dudi.

Theo Yang va Shen 18’ mo-dun dan héi E va hé s6 gidn nd nhiét o ctia tdm trén va tdm dudi bién thién theo
nhiét do tuyét d6i nhu sau:

E(T)=E} (E’ T4+ 1+ ET! + E{T? + E5T?)
Ey(T) = Eb (E>, T~ 1+1+EhT1+E2T2+EhT3) ©)
o (T) = oy (o' T +l+a T + T2 + i T3)
op(T) = (a2, T~ 1+ 1+ abT1 +obT? + ad73)
trong d6: Ej,E' |, E{,ES EL of o |, , o, of 1a cac hing s6 vét liéu tdm trén;
EbEP | EVEL E 0f,ab |, ol o, of 1a cac hing s6 vat liéu tdm dui; T 1a nhiét d6 tuyét d6i (do theo
thang Kelvin-K).
Theo d6, mo6-dun dan hoi E va hé s6 gian nd nhiét o thay déi theo chiéu day tdim nhu sau:
7z, 1
B(a) = )~ Ba(T) (24 3 ) + D)
1
(@) = (En(T) = Eun(D) (224 3 ) + Ew(T)
)
2, 1
a(z) = (0u(T) - o(D)) (£ 43 ) + (D)
t
1
(e = (1)~ 0 (1) (22 43 ) + (1)
Trudng bién dang ctia tdm khi ké dén nhiét d6 c6 cong thic sau day
Iu 9B
x X
& 5%0 5?% “0x B
£ = gy = a +z Ty = Vo,y +z By}y (8)
Yry auo 0 Vo J ﬁx % ug,y +Vvox Bx,y + By,x
dy | ox dy  dx
=&y t+2zK
dwy
)Y Bt ox | _ Br+wox
S U S G R ®
, SN :
V6i diéu kién trudng bién dang dugc phét biéu theo nguyén ly chong chit nhu sau:
E=¢g,+€r (10)
trong do &, 1a trudng bién dang co hoc; er la trudng bién dang do nhiét do
1
er=11,a(z,T)AT (11)
0
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Trudng ung sudt ctia tim dugc thé hién nhu sau:

ox| | Q12 O & 1
0=490y |0 Qn O & ¢ —1<1pa(zT)AT (12)
Txy 0 0 O Yry 0

= Txz _ Oss 0 Yz (13)
Tyz 0 Oua| | %z

trong d6 Q11, Q12, Q21, Q22, Qa4 Qs5, Qs 1 céc hang s6 vat liéu clia tdm.
Ngoai luc sinh ra bgi nhiét do dugc thé hién nhu cong thiic sau:

NI M7 L On Qi 0| [a()
NEoMI| =" |on 0n 0 |{a) [t dard (14)
N M, 0 0 Oss 0
n2 E(2)a(z)AT
—/h/2 1—v [1 z] dz
Phuong trinh cha dao

Phuong trinh cht dao cta tdm nhiéu 16p dugc thiét 14p bang nguyén 1y cong do cho tdm trén va tdm dudi.
Sau day, cong ndi ao clia tdm trén va tdm dudi dugc viét 1an lugt nhu sau:

-Dmr Dy 0 Emt
oW, = fo, {@en)" @%)" @MW} D Dy 0| K pd (15)
| 0 0 Dy Y

Dyp  Dppp 0 Emb
3W1,,:fg,,{(3€mb)T (91)" (aVb)T} Dypy  Dpp 0 Kp ¢ dQy (16)
0 0 Dy T

V6Oi Dy, Dy 18 ma tréan vat liéu cho bién dang mang,

Dyypt> Dypp 18 ma tran vat liéu cho bién dang mang va bién dang u6n,
Dy, Dpp 12 ma tran vat liéu cho bién dang uén,

Dy, Dgp, 12 nhiing ma trén vat liéu cho bién dang cit,

Ks = 5/61a hé s6 hiéu chinh citla x; = 5/6.

Cong ngoai 4o clia tdm trén nén Pasternak dugc viét nhu sau:

OWg = OWE + OW + OWE + OWS + OW§ (17)
v6i OWE - cong ngoai do do tai di chuyén dugc cho nhu sau:
OWE = [ (du)ThdQ (18)

b - véc-to tai téc dung lén tdm:

b:[o 0 PS(-S)5(y—0) 0 | (19)

trong d6 P 1a d¢ 16n tai di dong, S 13 quing dudng téi di chuyén va §()1a ham the Dirac - Delta.
JdW' la cong ngoai do do lyc quan tinh:

oW = — [ (Ju) " miidQ (20)

trong d6 u 12 véc-to chuyén vi tdm, ii 13 véc-to gia tdc, m 1a ma tran khdi lugng cta tAm.
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8WEk“‘ la cong ngoai ao do lyc dan hoi cia nén Pasternak:
WS = — [ W kywdQ @D
WS 1a cong ngoai a0 do luc khéng cit cia nén Pasternak:
IWE = [ IwT kV2wdQ (22)
W 1a cong ngoai 4o do luc can ctia nén Pasternak:
IWE = — [ ow! ewdQ (23)

Phuong trinh chuyén dong ctia tim nhiéu 16p tii can bang cong néi 4o va cong ngoai ao dugc thiét 1ap nhu
sau:
o Tdm trén:

Dy Dy 0 Emt

[ {Gew™ @) @07} D w0 |k pas
o 0 0 Dyl ¥

+.[‘Q/ SMZTmﬂZ,dQ, + ‘[Qr 6WtTkwc (W[ — Wb) th (24)

Sw ke (V2w; — V2w )dQy + / SwI Ce(vy —p)dQ, = / Sul b, dQ,
Qr Qt Qt

e Tam dudi:

Dmb Dmbb 0 Emb
Ja, {(58mb)T (81)" (5Yb)T} Dymy  Dpp 0 Kp o dQp
0 0 Dy Y
+ Jo, Sul myiindQy — [o, W) kye (Wi —wp) dQy, (25)
+ Ja, OWp kse (V2w — V2wy) dQy
— Ja, SWhce (Wi —wp) dQp + [o, SWL kypwpdQp — o, 8] ks V2 wpdQy,
— be 5WZwathh =0

Phuong phap tam nhiéu I6p chuyén déng
Tam hai I6p dugc rdi rac thanh cac phan ti theo Phan tu td gidc 9 nit (Quadrilateral Nine-Node Element -
Qy), nhu trong Hinh 2.

(@) (b)

Hinh 2: a) Rai rac tdm hai I6p thanh nhiing phan td; b) Mot phan ti tam hai I6p 18 nut

Khi tai trong chuyén dong véi van t6c ban ddu Vy va gia toc a thi méi quan hé gitia hé (1, s) va (x, y) dugc viét
nhu saw:

L)
v L P
r=x—Vot—zar _ dr _ —(Vo+at) = —v (26)
s=y dt

trong d6 v = Vjy + ar 1a vin t8c cha tai trong tai thoi diém 7.
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T d6, phuong trinh chuyén dong cua tdm trén (25) dugc viét lai trong hé (r, s) nhu sau:

Dy Dmbt 0 Emt
fo, {Gen)” ()" GWT} Dy Dy 0 |{ K pards
0 0 Dy Y
zazut(rv S) azuf(rv S)

v — 2V
T ar? drot
Hladwml Guts)  dutns | @)
a ar a2

+Ja, Sw!ky (wy —wy)drds — Jo, SwT kg (V2w; — V2wy)drds
awt(rv S) vawt(rv S)

+Jo, Swl¢, _aw(z%r, 5) vawabr(r, 5) drds = [q, Sul by (r,s)drds
at ar

Tuong tu, phuong trinh chuyén dong ctia tim dudi (36) dugc viét trong hé (7, s) nhu sau:

Dy Dwpp 0 Emb
be{(éemb)T (81,)" (57b)T} Dpmy  Dpp 0 Kp o drds

0 0 Dg| (%
2 9%uy(r,s) . 97up(ns)
T or? drot _ T -
+Jq, Suymy  dup(ns) +82ub(r,s) drds — [q, dwy k(W —wy,)drds
“or o (28)
dw(rs) vaw,(r,s)
2 2
+Ja, Swl kg (V2w —V wp)drds — [q, Swle, _awa;,z(r,s) +V8v§br(r7 ) drds
at ar

+Ja, Swl kywpdrds — Jo, Sw! kg, V2 wpdrds

dwp(r,s)  dwy(r,s)

T . b\l b\l _

—Jo, Ow,cp < % o drds=0

Phuong trinh chuyén dong tong quat tim hai 16p dat dugc bing cach ghép ndi tit ca cdc ma tran phan ti:
Md+Cd+Kd="P (29)

v6i d, d va d 1an lugt ki hiéu véc-to gia téc nut tdng thé, véc-to van tdc nut tdng thé va véc-to chuyén vi nut
téng thé& M, C va K 1a ma tran khéi lugng tong thé, ma tran can tong thé va ma tran d6 cting tong thé.
Phuong phap Newmark dugc st dung trong bai bao d€ gidi phuong trinh (30) cho cac khao sét ing xtt dong
cta tdm nhiéu 16p.
Ma tran phén tt tdm hai 16p dat dugc bang cich ghép n6i ma trin phan tt tim trén va tdm dudi nhu sau:

M(e) — Mf(e) _,’_Mée)’c(E) — C[(e) +Cl(7€),K(e) — Kt(e) +Kb(e),P(e) — Pt(e) +Pb(e) (30)
Mt@ la ma tr4n khdi lugng phén ti tdm trén:

M = my [0 N} NidetJdEdn (1)

C[(e> 1a ma trén cdn phén td tdm trén:

) = —2mV [ o NI Ny detJdEdn +ce [0 NLNydetJdEdn

" (32)
—Cc fgie) NthwbdetJdé dTl

Kl(e> 14 ma trdn d¢ cling phan ti tim trén:

Dmt Dmbt 0 Bmt

Kr(E) = fQI(@ {(Bmt)T (Bbt)T (th)T} Dy Diy 0 By ¢ detJdEdn
0 0 Dyl | By

—ma [ NI'N; ydetidédn +m,V? Joo NN yrdetJdédn
Howe Jogor NiyNurdetJAEdN — ke [0 Ny NypderJdEdn (33)
—kse o0 (NI Nyt pr + NI Ny 5 )detJdEdn
e Joo (NI Ny rr + NI Nyp 55 )detJdEdn
—cV fQS") NI Ny pdetJdEdn +c .V fQE” NIN,p detidédn

I~
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Pt(E)

1a véc-to tai phén ti tdm trén:

) = oo NTb(rs)detJdEdn

T T
. o G4
_ fﬂff’ [(Bu)"] S NL &+ [(Bp)T] § ML 3 | detJd&dn
N ML

Mlse) 1a ma trén khéi lugng phan ti tdm duéi:
M =m, Joyo N} NyderJd&dn (35)

cl

la ma trén can phan td tdm duéi:

L = —om,v Joor NE Nopdetd€dn +cg oo NI NypderJdEdn

(36)
+ee fQ@ NI NypdetJdEdn —c. jQ T NydetJdEdn

K Ige> la ma trén d¢ cting phén tt tdm dudi:

) T T T Do Doty 0 B
:fQ}(f){(me) (Bpy)"  (Bsp) } Dpwpy  Dpp O | { By pdetJdEdn
0 0 Dgyl| | By

—mpa fgf) NIN,, detJdEdn +m,V? fQ}(f) NN, detJdédn
+hy fg@ NI N, pdetldEdn —c;V fg@ NI N, rdetJdEdn
—kf fg@( NI Nyprr+ NI, Wbm)det]dédn (37)
+km]Q W;,wadetfdédn e Jogo Ny T NudetJdEdn
—kge jQ( Nyp e+ NI, Wbss)det]dédn
+kse jQ (NL, N rr + NI, Ny 55 )detJdEdn

—CLVJQ wawb AdetJdédn + cLng(e wal rdetJdédn
P,Ee) la véc-to tai phén ti tAim dudi:
(e) M My
P = 7_[95” [(Bup)T]$ N, ¢+ [(Bup)T] MY, & | detidEdn (38)
NXT) b M};,b
KET QUA SO
Kiém chiing

Bai todn tinh

Mo hinh dugc kiém chiing véi bai toan tdm hai 16p chiu tai trong tinh, dit trén nén Pasternak hai thong s6,
két qué thu dugc sé dugc kiém chiing v6i s6 liéu trong cong trinh ctia Wu va cdng su 19 Nhiét d6 mit trén va
mat dudi tdm bing nhau T;; = Tpp. Kich thudc tdm hai 16p c6 kich thudc nhu sau L x B = 3.75m x 4.5m véi
chiéu day tdm trén h; = 0.22m va chiéu day tdm dudi i, = 0.18m. Thong s6 vat liéu tim nhiéu 16p 14n lugt 1a
E; = 3.1x10'N /m?, v, = 0.15, p; = 2400kg /m>cho tim trén, va E;, = 1.5 x 10° N/m?, v;, = 0.25, pj, = 2300
kg/m3 cho tdm dudi. Thong s6 16p lién két: k. = 1.72 x 108 N/m3, kg = 0, ¢ = 1.75 x 10° N.s/m> va thong s6
nénk,r=152x 107 N/m3, kip=0,cr=379x 10° N.s/m3.Tinh tai tap trung c6 do 16nla 1.0 x 10° N va luéi
chia 1a 20 x 20. Bang 1 so sdnh chuyén vi 16n nhét tdm trén tit mo hinh d€ xudt véi s6 liéu ctia Wu va cong

su ¥ véi sai 86 0.98%. Két luan, phucng phap MMPM d6i véi bai toan tinh cho ra két qui dang tin cay.
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Bang 1: Chuyén vi I6n nhat cta tim trén

Ngudn Chuyén vi 16n nhét (mm)
Wu va cong sy 1 0.3562

Mo hinh dé xuét 0.3527

Sai khéc (%) 0.98

Bai todn déng

Tiép theo, mo6 hinh dugc kiém chiing véi tai trong dong di chuyén doc theo gitta tim phuong x ctia tdm trén.
Két qua thu dugc tit mo hinh dugc so sanh v6i s6 liéu trong nghién ctiu ctia Cao va cong su 17 va Huang va
Thambiratnam ?°. Kich thuéc tim hai 16p nhu sau L x B = 40m x 10m, chiéu day tim trén va tim dudi nhu
nhau i, = hy = 0.3m. Thong s6 vat liéu tdm trén, va tim dudila E; = E, = 3.1 x 10'° N/m?2, v; = v), = 0.25, Pt
=pp = 2440 kg/m3. Thong s6 16p lién két ky,. = 1.0 x 10" N/m3, kg =0, cc =0 va thong s6 nén k,, r = oo, kyp =
0, cy = 0. Taidi dong c6 do I6nla 1.0 x 10® N véi vén téc khong d6i V = 20m/s. Nhiét d6 hai mit cta tdm nhu
nhau Ty = Tpp. Nghién ctiu xem xét tinh hoi tu ctia chuyén vi tai tAm tdm bang céch st dung nhiing luéi chia
khéc nhau va ciing mét budc thoi gian At= 0.0025(s). Bdng 2ghi nhan két qua chuyén vi ctia tAm tdm trén va
t4m dudi, va so sanh v6i nghién ctu ctia Cao va cong su!”. Nhan thdy sy sai khic gitta mo6 hinh dé xudt va
nghién ctiu!” 1a khong dang ké, phuong phap MMPM trong bai bdo cho ra cic két qua ¢ bai toan dong & cac
luéi chia khac nhau la dang tin céy.

Bang 2: Hi tu chuyén vi tdm tdm véi nhitng luéi chia khac nhau

Ludi chi TAm Mo hinh dé xuét Cao va cong sy 1° Sai khéc
trén/duéi (mm) (mm)

15x5 Trén -4.3284x1073 -42741x1073 1.25
Duéi -4.3284x 10712 -4.2741x 10712 1.25

20x 10 Trén -4.4880x 1073 -4.4356x 1073 1.17
Duéi -4.4880x 10~ 12 -4.4356 x 10712 1.17

30x 15 Trén -4.7103x 1073 -4.6559x 1073 1.15
Du6i -4.7103x 10712 -4.6559 x 1012 1.15

Két qua nghién cuu & thao luin

Khdo sdt dnh huéng cla tdm nhiéu I6p duéi tdc déng cia nhiét d6

Xét mo6 hinh tdm hai 16p c6 kich thuéc L x B =20m x 10m, chiéu day tdm trén tdm dudi nhu nhau b, = by, =
0.1 m, hé s6 Poisson v = 0.2 va bén canh tua don. Cdc thong s6 vat liéu dugce trinh bay trong Bang 3. Thong s6
16p lién két va nén ky,c = kp = 1.0 x 107 N/m3, ke = kgp=1.0x 105 N/m3, . = cp=10x 10* N.s/m3. TAm
chiu tai trong tip trung P = 1.0 x 10° N di chuyén vé6i van téc V = 20 m/s, gia téc a = 20 m/s?. Khéo sat anh
hudéng ctia nhiét d6 t6i do vong tai tim tdm véi Ty, = Tpp, = 300K va sau d6 tang dan nhiét do mit trén T, =
400K, 500K, 600K trong khi nhiét d¢ mat duéi & 300K.

Dii liéu Bang 4 va biéu d6 theo Hinh 3 va Hinh 4 cho thy chuyén vi 16n nhat tai tim tdm trén va dudi ting
dan khi chénh 1éch nhiét d¢ gitta hai mét tdm ting, ngoai ra su ting chuyén vi nay gin nhu tuyén tinh. Tom
lai, nhiét d¢ thuc su gy ra nhiing tdc dong 1én ting xt két ciu cung v4i tai trong co hoc, nhung tuy vat liéu véi
céc hé s6 dan nhiét khac nhau sé c6 tac dong khac nhau 1én két cdu. Trong nghién ctiu nay, chuyén vi ctia tim
bi anh hudng chu yéu do tai trong co hoc, tic dong nhiét dd c6 tham gia nhung khong dédng ké.

Khdo sdt dnh huéng cia tdm nhiéu I6p duéi su thay déi gia téc cia tdi déng
Xét mo hinh tdm hai 16p c6 kich thuéc L x B = 20m x 10m, chiéu day tdm trén va tdm dudi h; = hy, = 0.1m,
hé s6 Poisson v = 0.3, bon canh tua don. TAm chiu tai trong tip trung P = 1 X 10N di chuyén véi van toc
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Bang 3: Théng s vat liéu tam

Vit liéu Thong s6
Tdm dudi E (Pa)

o (1/K)

p (kg/m3)

k (W/mK)
Tém dudi E (Pa)

o (1/K)

p (kg/m3)

k (W/mK)

E, E., E

3.49x 101 0 -3.07x10°*
587x10°° 0 9.10x 10~*
2.01x 10! 0 3.08x10~4
123x10°5 0 8.09x 10~*

Ep Es E (300K)
2.16x1077  -895x10~ 1 322x10!!
0 0 7.48x 1076
B} 8 2370

3 . 9.19
-6.53x1077 0 2.08x 10!
0 0 1.53x107°
B} - 8166

3 . 12.04

Bang 4: Chuyén vi ctia tdm khi nhiét d6 tac dung Ién mat trén thay déi

Nhiét do mattrénT,, 300 400 500 600
(K)
Chuyén vi tdm trén  —9.684 —9.743 —9.810 —9.857
(mm)
Chénh léch so véi 0.60 1.29 1.79
300K (%)
Chuyén vi tdm dusi  —3.658 —3.676 —3.692 —3.707
(mm)
Chénh léch so véi 0.47 0.91 1.34
300K (%)
94
-9.5
-9.6
-9.684
=9.743
9.81
-9.857
-10 N . .
—— Cl\\lyén vi tam trén tam trén tai 300K

Chuyén vi tim trén khi thay ddi nhiét do

400
Nhiét d6 (K)

500

Hinh 3: Chuyén vi I6n nhat ctia tdm trén khi nhiét do tac dung [én mat trén thay déi

ban ddu Vy = 20m/s , nhiét dd mit trén tAm 73, = 400K va nhiét d¢ mat dudi tdm T}, = 300K. Céc thong s6
vét liéu dugc trinh bay trong Bang 3. Thong s6 16p lién két va nén ky,c = k,,p = 1.0 x 107 N/m3, ke = kgp=1.0
x 10° N/m?3, ¢ = cp=10x 10* N.s/m3. Khéo sat anh hudng ctia gia t6c tai di chuyén dén tng xi tfm trong
cac truong hgp saw: a; =a = 20m/s%, ap = 2a, a3 = 3a, as = 5a, as = 8a.
Két qua tit Hinh 5 va Hinh 6 thu dugc tai thoi diém 7 = 1.00s, cho théy khi gia t6c tai di chuyén tang thi
chuyén vi tim trén va tim dudi ciing ting theo. Anh huéng ctia gia téc t6i chuyén vi khi a < 60m /s> 1a khong
16 rang, khi a > 60m /s? thi chuyén vi bit ddu tang nhanh. Diéu nay phi hgp véi tinh chit vat Iy ctia két cdu
la khi lyc chuyén dong cang nhanh thi tac dong ctia lyc 1én chuyén vi tdm cang 16n.
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-3.658

Chuyén vi (mm)

—&— Chuyén vi tim trén tim dudi tai 300K

-------- Chuyén vi tim dudi khi thay déi nhiét do

300 400 500 600
Nhiét do (K)

Hinh 4: Chuyén vi 16n nhat ctia tdm dudi khi nhiét d6 téc dung lén mat trén thay déi

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Chiéu dai tim phuong x (m)

—al=a  eeeees 2=2a 2B3=32 === al=5a =— - -a5=8a

Hinh 5: Chuyén vj tdm trén véi nhiing gia trj gia tdc khac nhau

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Chiéu dii tAm phuong x (m)

—gl=a  ssssss 2=2a a3=3a =m=mmal=5a = : a5=8a

Hinh 6: Chuyén vi tdm duéi véi nhiing gia tri gia téc khac nhau

KET LUAN

Bai bdo st dung phuong phép s6 méi MMPM d€ m6 phong va phan tich tGing xtt dong cta tdm nhiéu 16p trén
nén Pasternak chju tai di chuyén c6 gia téc va sy thay d6i nhiét d6 tim. Phuong trinh cht dao dugc thiét lap
bang nguyén ly cong a0, sau do6, tim dugc rdi rac thanh nhitng phén tit 9 nat theo phuong phap MMPM gitp
dat dugc két qua chinh xdc. Diém ndi bat ctia nghién ctiu nay 1a gia tc thay d6i va anh hudng nhiét d6 dugc
xét dén dong thai trong phan tich nhu thé hién dung cdc két ciu tdm ngoai thuc té nhu dudng cao téc, dudng
san bay,.... D¢ tin cay ctia nghién ctiu dugc kiém chiing qua cic cong trinh di xuit ban st dung phuong phéap
truyén théng FEM. Bai bao da thu dugc nhiing gia tri trong phan tich ting xt ddng tdm nhiéu 16p dudi tac
dong tai di chuyén c6 gia tri gia tdc khac nhau cting v6i sy chénh léch nhiét d6 gitta mat trén va mit dudi caa
tdm. K&t qua cho thdy gia t6c tai 1a mot yéu t6 ¢ anh hudng dédng k€ dén chuyén vi tdm vi c6 tdc dong dén su
gidm do ciing va d¢ can cta tdm va lam ting chuyén vi tai tAm tdm. i v6i dnh hudng cta nhiét d9, tuy cd sy
gia ting chuyén vi tai tAm tdm khi ting nhiét d6 chénh 1éch tai mit tdm trén va tdim dudi, nhung két qua cho
thdy su anh hudng nay khong dang ké. Tém lai, khdo sat ctia bai bdo dem lai gia tri trong thiét ké két cdu tim

2514



Tap chi Phdt trién Khoa hoc va Céng nghé - Ky thudt va Céng nghé 2025, 8(1):2505-2516

nhiéu I6p ciing nhu cc két cau tuong ty khi xem xét cac yéu t6 nhu gia toc tai hay nhiét d6 anh huéng dén sy
pha hty ctia két cu.

DANH MUC TU VIET TAT

MEM: Phuong phdp phén ti chuyén dong (Moving Element Method)

MMPM: Phuong phdp phan tu hai 16p chuyén dong (Multi-Layer Moving Plate Method)
FEM: Phuong phép phén tt hiiu han (Finite Element Method)

Qg: Phén ti t giac 9 nut (Quadrilateral Nine-Node Element)

LOI CAM ON

Nghién ctiu dugc tai trg boi Pai hoc Quéc gia Thanh phé H6 Chi Minh (DPHQG-HCM) trong khudn khé Bé
tai ma s6 B2024-20-12: “Mo6 hinh va phan tich dong luc hoc két cdu tdim ddy ting dung trong cac cong trinh
x4y dung”

XUNG POT LOI iCH

Tac gia khong c6 bat ky xung dot lgi ich nao trong cdng bé bai béo.

DPONG GOP CUA TAC GIA

T viéc 4p dung phuong phdp phén tt tdm nhiéu 16p chuyén dong dé€ phan tich két ciu tdim dudi téc dung
cuia tai trong thay déi gia t6¢ va nhiét do. Tu d6, bai bdo cho thdy su tdc ddng ctia yéu t6 gia téc cla tai trong
va nhiét d6 cting gay ra dnh hudng dédng ké dén chuyén vi ctia tdm.

Tran Nam Hai: Thiét lap phuong trinh chuyén dong gitia tdm va tai trong va cung viét ban thao.

Nguyén Thi Thanh Quy: Khao sét, phan tich két qua va cting viét ban thao.

Luong Vin Hai: Dinh huéng, x4y dung phuong phap MMPM cho cic trudng hgp khdo sat va cting viét ban
thao.

TAI LIEU THAM KHAO

1. Kim SM, Roesset JM. Moving loads on a plate on elastic foundation. Journal of Engineering Mechanics. 1998;124(9):1010-1017.
2. Kim SM. Buckling and vibration of a plate on elastic foundation subjected to in-plane compression and moving loads. International
Journal of Solids and Structures. 2004;41(20):5647-5661.
3. Sun L. Dynamic response of Kirchhoff plate on a viscoelastic foundation to harmonic circular loads. Journal of Applied Mechanics.
2003;70:595-600.
4. Xiang Y, Wang CM, Kitipornchai S. Exact vibration solution for initially stressed Mindlin plates on Pasternak foundations. Int J Mech
Sci. 1993;36(4):311-316.
5. Xing Y, Liu B. Closed form solutions for free vibrations of rectangular Mindlin plates. Acta Mech Sin. 2009;25:689-698.
6. Fan SC, Cheung YK. Flexural free vibrations of rectangular plates with complex support conditions. Journal of Sound and Vibration.
1983;93(1):81-94.
7. Huang MH, Thambiratnam DP; 2000.
. Filho FV; 1978.
9. Hino J, Yoshimura T, Ananthanarayana N. Vibration analysis of non-linear beams subjected to moving load using the finite element
method. Journal of Sound and Vibration. 1985;100(4):477-491.
10. Olsson M. Finite element modal co-ordinate analysis of structures subjected to moving loads. Journal of Sound and Vibration.
1985;99(1):1-12.
11. Thambiratnam D, Zhuge Y. Dynamic analysis of beams on an elastic foundation subject to moving loads. Journal of Sound and
Vibration. 1996;198(2):149-169.
12. Yoshida DM, Weaver W. Finite element analysis of beams and plates with moving load. International Association for Bridge and
Structural Engineering. 1971;31(1):179-195.
13. Wu JS, Lee ML, Lai TS. The dynamic analysis of a flat plate under a moving load by the finite element method. International Journal
for Numerical Methods in Engineering. 1987;24(4):743-762.
14. Koh CG, Ong J, Chua D. Moving element method for train-track dynamics. International Journal for Numerical Methods in
Engineering. 2003;56(11):1549-1567.
15. Koh CG, Sze PP, Deng TT. Numerical and analytical methods for in-plane dynamic response of annular disk. International Journal of
Solids and Structures. 2006;43(1):112-131.
16. Xu WT, Lin JH, Zhang YH. 2D moving element method for random vibration analysis of vehicles on Kirchhoff plate with Kelvin
foundation. Latin American Journal of Solids and Structures. 2009;6(2):169-183.
17. Cao T, Reddy JN, Lieu QX. A multi-layer moving plate method for dynamic analysis of viscoelastically connected double-plate
systems subjected to moving loads. Advances in Structural Engineering. 2021;24(9):1798-1813.
18. YangJ, Shen HS. Vibration characteristics and transient response of shear-deformable functionally graded plates in thermal
environments. Journal of Sound and Vibration. 2002;255(3):579-602.
19. Wu J, Liang J, Adhikari S. Dynamic response of concrete pavement structure with asphalt isolating layer under moving load.
Journal of Traffic and Transportation Engineering. 2014;1(6):439-447.
20. Huang MH, Thambiratnam DP. Dynamic response of plates on elastic foundation to moving loads. Journal of Engineering
Mechanics. 2002;128(9):1016-1022.

oo

2515



Science & Technology Development Journal - Engineering and Technology 2025, 8(1):2505-2516
a Open Access Full Text Article Research Article

Dynamic analysis of a multilayer plate subjected to a moving
concentrated load with various acceleration and temperature

Nam Hai Tran'2, Thi Thanh Quy Nguyen'-?, Van Hai Luong'-%"

ABSTRACT

The paper develops a new theory about numerical method to analyze dynamic behaviors of the

multilayer plate which rested on a Pasternak foundation under the moving concentrated load with
Use your smartphone to scan this variable acceleration and temperature. The numerical method is developed by using the Multi-
QR code and download this article layer Moving Plate Method (MMPM) in this paper. In addition, the Mindlin plate theory and the vir-

tual work principle were applied to establish the governing equation of motion that can describe
displacements of the multilayer plate as well as effects of the moving force to the structure. The
multilayer plate is discretized into 9 Node-Lagrange by the MMPM which combined with element
matrices into a global matrix to obtain the governing equation of motion for the plate structure.
This governing equation of motion is solved by the Newmark method to produce convergent re-
sults. Then, the paper practices verification with results obtained the published papers regarding
behavious of plate under static and dynamic cases to demonstrate the reliability of results in this
paper. Next, the paper examines bahavious of the multilayer plate under various acceleration to
analyze the plate displacement. Subsequently, the influence of temperature on the plate to the dis-
placement is considered by setting different temperature at the top plate and the bottom plates.
'Faculty of Civil Engineering, Ho Chi Key words: MMPM, moving load with acceleration, temperature.
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