
. Gl}d BAI TOAN DQNG UJC HQC H£ THANH KHONG GIAN 
iltANG PHUO'NG PHAP PHAN HJ HIJ'U H!N 

NGUYEN NGQC VE 

§ L !'J~T VAN DE 

M¢t lrong nhtrng phuang phf1p s6 diT(J'< siT d~mg r¢ng ra1 va c6 hi~u quii trong 
vi~c gHii c3.c bfti toim ca hQe lU phuong ph3.p phan tlr hfru b~n (PTHH). Trong tinh toan 
k~t c[iu, a nuCrc ta a:a c6 nhieu t&c gia lrng ~ll,_wg phtrong phap n:\y ti:~ gi3.i cho c3c h¢ 
b3.n vb, bot'; thanh, h~ tbanh thUnh mOng v.v ... Tuy nhien do h~:i1 ch6 c.Ua c·ac c6ng q1 tinh 
toan v;\ d·e dan giiln bOa d6i '6i h~ thanb thu&ng dtro ve gilti cho trui'•ng hqp phfi.I,g, 
trong khi tren tln:rc te thuUng c6 nbi8u kt'H di.u v8. c6il-ff trinh nlnr h~it dn-tau. m:iy bay, 
c6ng trlnh nha Ca0 hlng, dan khoan bH-;n v.v~-· l(ti tht hi~n sv lam vi¢c kh6ng gian rat ro, 
dOi qbi phlti dll'qc nghi.&n clru du6·i g6c d•) h3_i toUn 3 chieu. '.:i'~ m?t tili trf,mg. cac tir,h 
toUn thu&ng xet cho dtc !.ru&ng hqp t1nh ho~c dua ve bii toan tTnb. B6i v&i d.c lot_d 
t::li trQng nlu.r s6ng, gi6 vt'1 dOng cb3.y tac dqng len cHtn khoan bien. 11s.y tfti trong do g1a 
t6c n~n !ftc d~.t_ng len c6ng trinh, nh:i cao ttlng thi vi~c ·cUmh gill ~hU ni'ing li\m vi~c ci'ta 
k~t cau chiu tfi.i tryng tinh Ia khOng Cliiy dlt v:l thieu chinh xac. Ap d.1.mg m6 ~inh phin 
tlr hfru h~n tOng quitt cUa d.Qog l~rc h9c c-6ug trinh [1, ;.~] va ket qt1U btci toan tinh ella h~ 
thanlJ kh6ng gian (3, 4}, m1_1c dich cUa bb.i L{w El gild bai toan d()ng h.rc hQe h0. thanh 
khOng gian d'iin hOi tuy~n tinh c6 cite li&n k~t phlt·c hqp ch!u t3.i tr9:ng dt)ng th6ng thuOng 
ho5c t3.i lrong do gia t6c nen gi\y ra khi dQng CUll. c6 k€ d~n auh lmi1mg 'ella nen m611g 
t6'i S\l' 1~m yi~c ella philo k6t cau b§n tren. Slr dyng !Ti\)t scl k€t quii tror.g [5}., m¢t chuong 
trinb s6 viet b£\n:J; ngbn nglr FOR THAN 4 rhrt_rc xay rh;>1g dB.' ch;::ty trDn c(tc mit)" tinh bi~n 
c6 b nu&c t:J v~t cl:o kt;t qu~t On djnL. Ct,e keit qt:lt r:ghi&n ct'w Mi cluqe: {tp d~1ng trong 
m¢t s6 tioh to~,n: tlH.lT te., 

H¢ phuGng trinh vi phttn ehnyCn d(1ng trung rnO hinh PTHH d\a J,{~ n b~,c t~r do 
h~i th&i diem t cO d<:tng (1}: 

A!W) + cX(t) + KX(t) = P(l) (2.1) 

. ,. 

trong d6~- X(t), X(t) va X(tJ ta dtc vec~ta n thinh phan m6 tU tuong lrng chuy~n vj, 
v<),n tOe v~t gia t6c nUt, 

-·. P(t) Ut y(';cta t~1i !rQng nlit, 

- 11, C v:J. t( tm;ng lwg b cfu.: rna tr:}n kh6i luqng, D1!1 tl'*.ll c~n vii ma 1r(m c(n;g 
ci:ia to:\n h~-:. f\t'0u thlrc clta 2\L C K v{t P nb~ri duqc ldli thi0t -l~p bi~u tbfre cUa dQng 

n[tng, w\ng lu-qng bij~n d~-t!lg vc\ t:()ng dta ngo~d i.tJC du('ri dt.mg cac ham dm X(t), X(t) 
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v:_t_ XU) [2]. \"&i giil thi€t h~ dAn hOi tuy(:-n tfnh d.c rna U~l.n 1L C va K kh6ng tJh\1- tht1(h.: 

t~ Trong tru&ng hqp tiii tr9ng gay ra do d¢ng d3.t, bi~u thlrc ella P c6 dq.ng: 

trong d6 a(t) Ht vec:ta gia-t6c nen. 

K~t diu drrqt m6 hinb i16~t JJCri h~ cia; ph~n t{t hfru hc~n d<J.ng thanh kb6ng girin 12 
h1.c t~r do vc'Yi cac bUm d~ng Hermite [3]. tJE! xet h~ lhanh Ii&n bqp c6 k~ ftnh lllrt"'r11g n~n, 
khi x:lc d!nh dl.c ma tr$-n :\.f. C v::t K ph3.i tlnh den c!tc li€n ket khtlng ct'rng vii ml'l hinh 
h6a ni§n b()-i dt~ ph!n li'r thanh tLWilg L1UOllg. fi~ plnwng trJnh Yi phl\11 (~.1) duqc tich 
phfin hUng phuang ph~tp tith philn tn.r<: ti0p tlrng hu6c hOqc phu-mrg plulp c¢rut i1ghi?m 
ri<~ng [t]. Bay a hai phuO'ng ph~q.:dh6ng lh;ng nhfit dl· ticb -phan h~ phuung tdHil dtuyen 
dQng flleO mi~n thOi gian. Tlly tUng bUi toitn Cl.l t!Jt·-se ap cll;wg m¢1 trong hai phuong 
phap tr~n [5]. 

§3. NUT PHiJ'C HQ'P VA TUONG ·r.kc CUA NEN vtn CONG TRINH 

3.1. NUT PHllC HQ'P 

D6i v&i h~ tha nh. th~rc te thtr&ng g~tp nhif!u lo~ti lien k&t khac nhau . .NgoUi nhfrng 
lien k€t clrng Ht nhfrng lif~n ket rna dt.c phfin t-lr thanh ri'lng bu¢c v&i nhau theo tilt di 
ciu: b~c t~r do, cOn r6 cUe lil'n kt;t kh6ng cting (liCn kCt phlfc hqp) -nhu kb&p cilll, kh&p 
trv,. kh&p cite-dang, kh&p t1·uqt. .. 18 nhi.i:ng lit:n ket c6 it nh:1l m¢t b~c t~r do ella hai 
thanh li&n ket khOng b! rUn.g .bu¢c. Tu·c.l'ng frng cho mO hinh PTHH cUa ht; thanh ta c6 
hai lo~d nUt: nUt cUng va nUt pht'rc hgp [4]. NUt ctrug li nUt rna t~i d6 c:ic phiin ti'L· lien 
ket v6i nhau c6 tilt di. cB.c th:J.nh plliin chuy~n vj tuang lrng bilng nhau. COn d6i v6i nUt 
phtrc hqp thi c6 it nb5t m¢t th~tnh phiin clwy~n v! cti~t ci:lc ph~in tiT lien kt"ft c6 gilt trj 
khac nhau. Vi d1,.1 clOi v&i kh6p d.u hai thanh lien ket c6 ha thimh phiin tjnh ti~n gi6ng 
nbau cOn ba thi~nh phlln g6c xoay khfte nhau, kh6p lr!J cO mQt thanh phln g6c xoay ci'w 
hai tbanh-li€!n ket khac nhau. Nl1t phlrc hqp dugc m6 hinh h6a bbi hai nUt rieug bi~t. 
cac nUt nfly c6 cling tQa d1) trong h~ t9a dQ chung. \'~ quan l1~ chuy~n vj. hai n1H nay 
el'.l mQt sO thUnh IJhUn chuy_~n v~ ttrang ling gi6ng nhal; va mQt sO thflnh phlln khac nhau. 
\'i~c x&y r.Jgng rna tr~n ctrng clw_ c(tc ph3.n ti'l· varna tr~n clrng to&n h~ duqc tit?:n h:lnh 
binh tlm&ng. K.hi dU nh~n duvc ma tr~n clrng ella toan h~. de tim chuy'en vi phii xlr I)' 
(16i v6i cite tbh:h phau ch_uy'Pn v! tnang l;;ng: giOng nhau tq_1 cUe nUt. phltc hqp. 

Trong m{•t s6 tinh Lo<in ngu(rl ta thuOng b6 qua ftnh huiJug ella nen va coi nen U. 
l'ltng tuy¢t dOi. Toy nhien, tren thuc te nf~n iu6n eO dO d:ln hi.'1i nhfi.t U:~nh tl1y thu¢c vao 
tlnh ch~H ccr l"\· ella dill v~l !deb tl~n&c ci't3 tHi rn6ng. •h¢c linh tottn ilnh huCrng ci'r-3, n"0n 
leu ·§~r l:lrn vi~e elm ph.iln k0t c:c·iu tJen tren 13. r:'lt c}n thie't. Trang [6J cHi chl !'a iinh 

. ~~~nJng ella ni:~n lt:n d~w rt(lng uUn ng~tU\r cl'1a c6t th6p ntr&c. B'~ x.et <lnh. hm)·ng ctia ni?n 
/.l_:n S\r L\rn vi~c cUa philu kft c&u Dt-~1 t_~··t-n ngt;il'i ta thay th6 nE·n b8.11g hO cite 10 xo dau 
/~t:'lt tuyi;n Huh. Hinh 1 mO !L< ou thay tbt: ni:;- 1! L:lng du: l0 xo ttan hOi cho tnn)ng hqfJ 
bS.i to an pll&ng, D(J cln1g ella cac .16 xO duqc x~tc djnh thea m6 hinh cUa XavinOp 

Hi"h 1; ~16 hlnh tbuy the nen bang h$ l<l xu ditn hlh 



tac h~ sO Kx~ Ky va K({l dw;tc tinh !heo cue c6ng thUc sau: 

K, = Cx . F 
Ky = Cy • F 
K<f.l = Cq; • J 

(3.1) 

tront; d6: F --1:1 di~1-t- tich ella C1e m6rig, J I a m_6men qu~tn ti_nh I?0-t cat cua ae m6ng U.y 
theo trQng tftm, Cx, Cy va Cq; la dtc h~- sO xUc d!nh thco tht_.rc nghi~rn plu.1 lhu¢c .. Vit? Hnh 
cbUt ca lV cUa Cl:it chtu ttti: Sau khi xUc dinh duqc h¢ sO diin hOi ella dtc 10 xo· ta l:;ti 
thay 'thC ~hltng bfing h~ than~1 C() dQ clrng tuang du-ong. a~· tbanh hrcrng duang _nay cling 
v<'ri ht· thanh cUa ph~tn k6t d\1 bt,\n trt~n s0 l:lrn vi~c rrlnr mQt tOng th{L MQt sO vi ·dv 
thay th~ I(\ £o h8.1lg thanh tuang dtrang cho trong b:ing 1. 

THAKH Tli'ONG I 
CUe d;ti 

B~i lu qng din 
L6 xo ltrqng cho 

Bt:'O'NG tru&c xllc dinh 

lA E, A I= EA/K 

f'l'"' Kl " 1 

I 
3 ~ 0 ~ -- E, I A ~ KI/E 

EA K 

-'- A, l E =Kif A 

lx E, ,I l = E.T/K~ r ~?- _____ .. , IK~ 'f'=l 
L, l .! = IK~/E . ~-;! 'f'=-- I\cp . 

EJ 
# ..-. 

' 
[ 

J' I E = IK~/J . 
I 

B3.ng 1: ~[6 hinh tlwy tlle cite 16 xo b&ng d.c thanh c6 d•) ct'mg tuang duang. 

Dt_ra tren c{le p!nrung ph~\p gi~ti v~1 lhuQ_t tottn dfl. trlnh b:iy tren, rn~lt cb.u-ang trinh 
~;6 dli c1tr1JC 'li€t v~t dt'tHg dl; g-Eti c::1~ b~ti loLtn tinh l1Qc y;'1 ci1;'mg 1\rc hQc h~ kbung khOng 
giau e1'1 nUt pht1·c hq·p chiu tiU trqng b;_'it k}~- Clnrung ldnh FR:\DYN dti ch~1y tren ca.: 
m:':ty Jinh hi~n c-6 a 1Htr1't ta va s{o dt.ll1f,: tr-oug tinh toan tln;rc te. Du<ri i!Uy trinh bt'-ty ffil?t 
s6 vi d\l minh hQ:J. 

H~ thanh tren hinh 2 c6 hai nUl phU:c hqp t~li B v£1. E. Trang mO hinh phlin tU: 
hfru hQn, cltc nUt n:.\y <hrqc Lh~' hi~n qua cUe nll.t ri~ng bi~t Et 2, 3 va 7, 8. Trong tnr&ng 
hqp t;.<i diCm B tile d1,log hrc tlnh theo hLr6'.1g thing dt'rng P = 2000KG9 cUe gia tri nh~n 
dtrqf: ciia chuyCn yJ vfl oQi llJ'c ho:ln toUn trt'wg vlri ket qua tinh to6.n troi1g [4]. Neu tl!l-i 
di'~m- B t~.c d~tngi hrr. ct1)11g P(tl, chuyen v; V[l nQi h,!C t<}i dtc nUt 18. -h:lm "-Ua t, Hinh 3 

L 
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1:\ k~t qnii ella chuy'en vt thing dlrng Ll nltt 2 vi 3 cho d_,~ tnr&ng hqp till tn;ng tlnb >v~s 
tai trt;mg d<;mg, c6 di.n v~, khOng dm. 

H 

t . 200 • l 400 

6 = 8,-uo" /r6jcm 2 

E = 2./.106 /r:6jcm2 4 
.l :::: 500 cnJ 4 · " 

11inh 2 

I 

a) Mil hinh Ht cau b) M6 hinh PTHH 

l i!;(tlcm 
"1 . 

Hinh 3: Dao d¢ng t~i nt1t 2 va 3 

11.2. Tinh phan il-ng d?ng I'!< <~" l«;•m bam 3 tll may xliy chtnll tren ca< 
vUng cO nin yeu ~~:U~ dOng b5ng ~tOng CY.u Long. 

M6 hinh pb8.n tt"1· hfru bt.m cUn tr~m .bam 2 tang 3 tO m&y drrqc cho tri!n hinh 4 
D}i dtc diem nl!t l.t, 2j va 35 c6 d_c t[d t:lc dr.tng tn;>ng khi dLC may bam ho~t d()ng ga. r 
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ra do ca khi ~~~h r~un v:·; l1,r,..., thl'1y (1;.\,;g. T:l: thf nghi~lE Gn r!;}c 'i'f! tint loil.n d\1 xS.c 

dinh dtrr;rc bi'tu thUc. ella l8.i "!rQng r1(J nhrr sau ~ 

Py = 1535 cos (;Jt + 3070 Cos3wt 
Px = 2535 eO's cut + 3070 Cos~wt 
1h = 181060 coswt + 356120 Cos3wt 

'i 

(4.1) 

trong_dO w :== ___ 10~,6_ rad/sec l_i1 ,tan s6 gt'Jc -t'mg v6i vOng qUay 980 v/ph clw may bam 

131 
~ 

Hinh 4 

Mo. hint PTHH cua tr?m bt:<m 

f 4. lfilti(l:), /tls k6jan 

~~ r , (\ 

I' I \ , . I , 
f f' ~\1\ 

-
•. 'fc •n·3-., ____ Jffgft) /Ji ,j,/iicf..J/n 
" ~ '" •• £U! m~g 

T ~ ru-t sec ., A • =J. , .• , __ 41q(f) f:.!l c!/em UJF 

-J 
I 

Ilink 5. Dao d¢ng ctia momen u6n My (t) 
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>, (:<·~,,.· '!:::·, hi; 'JU1 m1}( h¢ l(iclnh ttru: p_ l1tl'(.<na. BO c(nu;- cu2 dH; !hanh 
nay du tc x::u_· :l,lr1~1 i. 0(; m6 hinh Xavin6p di'i. tdnh bav tr.§IJ, C3.e ktH qu8. nhf!,n du:ryc 
v8 n~i h,T~· cfJ,) pb(·p •· t l'<\ :n()l s6 kft lu-$.n sau tt&y: 

L \'0 n:i.~t trt ,~( cUa nQi hyc, chiing hztn mOmen nOn UJi cf;_c thanh d8.m cE\t n:d:ty 
trong b~_;i fo{uc d¢•ng km glp b6n 18.n gEt tri ct'!a nuJmen u6n irong bai' toin t'inh, dua t&j 
Vi~e x3_c dj11h ciic h0 s() dQng- ll,d'C chO pll11 hqp. 

2. :';fCnner:: n6u cling t:;li de tbanh cUlm ct~t m3y bO'm H1ay cl0i d.au lien ttJC vi 1r(iy 
phai tii.ng cli.)n tich eOt_ thCp phi8 tren ,dOng th&i d.n xd t6i S\1' pba hlly mOl. 

,_ 3. Chl ra cf-l_c vUng c.Qng htrbng l'rng v6i tan sO vOng q·ua:y m<iy barn v3 m6dun 
dan liOi' ct"!a nCn ddt c1ua t6i vi~c xi'r 1y nCn ae tn1nh c9ng hu&ng. 

Tr~~u binb 5 l:J. dno dQng cUa m6men u6n ?dy t~l d.c di~m d~t may berm va di~m 
diiu dam d~t m8.y 

cac ket ;,~U_u d-?-ng thal;h kt6ng gian 13. c£tc ket cau thuCrng g~p trong tb\[c t€ xl\y 
cl-gng nhu dan khoan bfen, ~nha cao ting, ket diu tau va hit~g khOng. Nhfrng k(ft qui 
ngbiCn ct'ru (r C!:~y cho phep li'ng dq.ng tn_rc tieip trong linh toin kilem tra v3 tbi€t k~ c.:ic 
c6ng trinh dq_ng khu:Jg dan tOng quat. Chuang trinh tinh to an c6 cau trUe clan gi<in de. 
sU dt,mg, i\JQt s6 ket qufl. b d~y di't drrgc trinh b3y trong d_c xemine ca h9c, hQi nghi 
khoo1 hQC v3. nbz._n. dll'(.l'C nhii:::;g f!.b~n xet va g6p y quan tr9ng. Tac gi:i xin cbc'\.n thitnh 
cam an nhfrng nh~Ln xc-t va gt)p Jr d6~ curig xin ch§.n thflnh cam trn clOng chi Trlin Dtrang 
HiCn d:a btr&nf; (•i.fi.n qt tbe giltp Hie gilt hoftn th<inh van d@ ni!y. 

Via eli!: 
Vift: !.'(J h9c t 1 if'n KH\IN 

Nhif" "gay 20!111986 
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·s t:Mf./lARY 
lJY~\,\\~V: /,,\L\Li-SIS OF CO:\IPLEX SP.-\ClAL FHAj\lE SY:STE:\1S BY TH!i: 

FINITE ELEMENT METHOD 

Numerical simula1ion of complex spucial frame systems subjected to static Joacl.;­
dynamic load and base aceeleration is formulated. ,\_ finite element model is applie(.J 
therein th(•, comp!{~X nodes a1~d the foundation influence. are consi!,!ere{,]. Equations of 
motion :,r\;; .::nl\"cCi ~di','L·<:nLvdy bj st>:·p-Oy-step direct ieLegration and mode superposi­
tion nl'2Lh..-: i, ~-', n:J:n1J•_'r ol· illuslrakd ,~xample::; an.o. computed by the num~:·rical ]Jrogr:Jm 
FRADYN) '·'illi:~h r:-,rJ..n l:n:· 11secl_ direcily 1n the fiel.J of str\h'.tural \•le::dgo. 
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