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TOM TAT 
Vi^c nghlSn cilu vi dp dyng cic phifdng phap so mdi d l md phdng ling VLH ciia ket cau v6 gia oldng ludn thu hut sii quan tam cua gidi 
khoa hpc do vai trd quan trpng va pho bien ciia dang ket cau nay trong nhilu nganh ky thuit nhU xay difng, hang kh6ng, d6ng tiu, 
dau khi, v.v. Bii b io nay \ i vay dUdc thvfc hien nham ddng gop them mpt phiidng phap SP de phan tich dap dpng tU do cho vo thoii 
gia cifdng gan. Phuong phap duoc de xuat sil dyng phan tii tam giac vo phing lam trOn CS-MIN3 ket hop vdi phan tOt tam giic iJng 
suat phing Allman vi dupc gia cUdng bing phan tit dam Timoshenko. Dieu kien tUOng thich cua vo va dam difdc dim bao thong 
qua dieu kien tuong thich chuyin vi tai mat tiep xuc giiJa vd va dam. Do hieu qua lam mem ma tr^n d6 ciing cua ky thuat lam trdn, 
phan tii vo CS-MIN3 cho cic ket qua kha tot so vdi cac phan tii bae cao khac. Cac kit qua so cua bai bao da cd ban minh hoa diJ^c 
dp chinh xac va si/ tin cay ciia philong phip dtldc de xuat. 
Til khda: vo gia cif6ng, phUOng phip phan X\i hiiu h?n trOn (S-FEM), phan til vo phing Mindlin ba mit diigc l im trdn (CS-MIN3) 

ABSTRACT 
The studying and applying new numerical methods to simulate resppnse of stiffened shell structures always attract scientists by their 
importance and popularity in the branches of technology as construction, aeronaut, ship, oil and gas industry, etc. This paper, hence, 
is carried out to contribute one more numerical method for the free vibration analysis of stiffened flat shells. The proposed method 
uses the cell-based smoothed triangular element CS-MIN3 combined with an Allman's plane stress triangular element and stiffened 
by Timoshenko beam element. The compatibility of shell and beam is ensured through the compatibility of displacement field at 
contact sur&ce between shell and beam, Because of the softened stiffness matrbc effect of smoothing technique, shell element CS-
MIN3 gives the pretty good solutions in comparison with other higher order elements. Some numerical examples in the paper are 
used to illustrate the accuracy and reliability of the proposed method. 

Keywords: stiffened shell, smoothed finite element method (S-FEM), cell-based smoothed three-node Mindlin shell element (CS-
MIN3) 
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1. Gidi thieu 
Kft cau v6 duoc gia cudng gin (gpi t i t la vo gia cUdng) hien nay duoc 

sii dyng rong rai trong nhieu linh vuc khic nhau nhU hang khdng, tiu 
thCiy, clu dudng, xay dUng,.. NhCmg ket c^u nay dUpc tao thanh bdi v6 
duoc gia cudng bang cac gin [duac xem nhU la d^m). Nhd co dam gia 
cudng ma ket cau cd cUdng do vi dp cung I6n hOn nhieu so vdi ket cau 
vd thuan tiiy, dong thdi vat lieu che tao c6 khoi iuong it hon. Chinh nhung 
Uu dilm nay lam cho ket ciu vo gia cUdng dat hi&u qua cao ve cudng dp 
chiu lyc va ci ve gia tn kinh te 

TO dau nhCmg nam 1950, bai toan ket cau v6 gia cUdng da dUoc r̂ t 
nhieu nha khoa hoc tren the gidi dac biet quan tam chu y din va nhieu 
cdng trlnh nghien ciJu da dUoc thUc hien Trong do phuong phap phan 
tli hull han (FEM) la phuong phap so duoc sCr dyng phd bien nhat do thu 
tuc tinh toan don giin, giai quyet duoc nhieu bai toan phiJc tap, cho do 
chinh xac cao va c6 cO sd toan hoc chat che. 

SinhavicpngsylUdexuatph^n tli tuong thich cd hinh dang tam 
giac b t̂ ky vdi 36 bSc tU do de phSn tich vo ndng gia cUdng bit k̂ , trong 
do dam gia cudng co the duoc dat d vi tri b t̂ ky trong phan td vo va theo 
hudng bat ky. Samanta va Mukhopadhyay [2] ket fiop phan tCr uon tam 
DKTva phan tddng suit phing Allman tao ra ph^n tii vd gia cUdng dung 
cho vî c xac dinh tan so dao ddng ty do va hinh dang dao dong, trong 
66 dam dUoc xem l i ddc lap va co the dUOc dat 6 vi tri b t̂ ky trong phan 
tii v6. Phan tii nay co the duoc dung de phan tfch cau true v6 gia cudng 
ndng cung nhU sau vdi gii thiet vo thoai Mustafa va All [3] sd dung sieu 
phan tli 8 niit v i 9 niit de phan tich dao ddng ty do cilia vd hinh try va ban 
cong hlnh tru cd cac dam gia cu'dng trUc giao, phan til nay ia sU ket hop 
giu'a phan tC( v6 ciJa Cantin va Clough [4] duoc chinh siTa sau dd bdi Sabir 
va Lock [5] va cac phan td dam cong ciia Davis va cong sU [6-8], trong do 
cic ham lUong giac dUoc dUa vao trong ham chuyen vi de mo t i chuyen 
vj ciJa phan tii cong. Prusty va Satsangi [9] siidung phan tCr dSng tham so 
8 niit cho v6 va phan td dam cong 3 nut de phan tich tTnh hoc cho vo gia 
cudng theo ly thuyet v6 tong quit. Phan Idn cic phan tii nay cho kit qui 
hdi tu nhanh nhung lai to ra qua phdc tap trong viec ap dung cung nhU 
d6i hdi nhieu bic tu do cho moi phan tii. 

Cfing vdi sU phit trien cua cac phuong phap sd, Liu & Nguyen-Thoi va 
cong sU [10] da ti'ch hop ky thuat lam trOn trUdng bien dang vao FEM de 
tao ra mflt loat cac phUdng phap phan td hClu han trun nhulam tron tren 
6 phan tii [CS-FEM), lam tron tr^n nut (NS-FEM), lam tron trgn canh (ES-
FEIW) va lim trdn tren mat (FS-FEM). Moi phan td lim trdn co nhClng loi 
the khic nhau va cung dUa ra nhOng kit qua dang mong doi khi nghien 
cdu cicbii toan cO ky thuat trong thUc te. 

Trong cic mo hinh S-FEM kl tr&n thl CS-FEM [10,11] cho thay suhi^u 
qui vi ddn gian trong viec ap dung vao cac bai toan phan tich tam/vo. 
Trong [12], Nguyen-Thoi v i cdng sy da tfch hop ky thuat lam tron CS-FEM 
vao phan tii tam IWindlin ba niit (MIN3) cCia Tessler va c6ng sU [13], de 
phin tich tTnh hpc vi dao ddng ty do ciia bii toan tam. Sau do, Bui Xuan 
Thang va cic cpng sU [14] da siidung phan td nay demd rdng phan tich 
tTnh hoc ket cau vd thoSi dUOc gia cUdng gan. Cac ket qui so dat dUdc 
cho thiy phin til CS-MIN3 khd duoc hien tuong "khoa cat" {shear locking) 
v i dat dUOc dp chfnh xac cao khi dUOc so sinh vdi cic ket qui da dUpc 
cong bo trUdc do. 

Trong b î bio, chiing toi md rdng phan tiiCS-IWINS Hi phan tfch dao 
ddng tu do cho kit cau v6 gia cUdng gin lech tim. Trong do phan tii 
gdc CS-MIN3 dUOc ket hpp vdi phan tii ling suat phang Allman dddc gia 
cddng bdi phan td dam chju udn Timoshenko. Su l̂ ch tam giu'a v6 va 
dam dupc keden trong cdng thiic ciia dam. Sy tuong thich cua chuyen vi 
ming, dd vdng vS cie gdc xoay ciia v6 va dam duoc ip dung tai cic vi trf 
hen kit. Hai vl du sd se duoc dung de kiem chdng sy chfnh xie va dp tin 
ciy ciia phucmg phip bing viec so sinh vdi thUc nghiem va phin mem 
thUcmg mai cung nhu cic phddng phap sdkhic. 

2. Ctf sdly thuyet 
Bii toin vd gia cUdng cd nhieu hUdng tiep cin khic nhau, trong dd 

Hinh 1. Vo gia cUdng trong tong trinti xay difng -Vien cong ngĥ  Massachusetts 
[MIT} 

cd hai hudng tiep cin chfnh. Hudng thd nhat, ta xem kit cau vd gia cUdng 
nhUmotketcau vd true hudng. Tuy nhien, mo hinh nay chi phii hpp vdi 
cic d^m gia cu'dng la dong nhit, mong, vj tri gan va bing nhau, va hUdng 
cua dam la vuong goc Trong iiudngthifhaLvfiva dam dUoc xem nhU hai 
thanh phan ddc lap va dUoc lien he vdi nhau thong qua dieu kien tuong 
thfch ve chuyen vi [15]. HUdng tiep can nay dUpc chu y phat tnen hdn do 
phuong piiap tfnh toan don gian, phin inh dOngvdi dng xif thUccCia kit 
cau hon hUdng diu tien. Trong bai bao nay, chung toi se sif dung hudng 
tiep can thif hai de md hlnh cho bii toan. 

2.1. Mo hinh vd thoii Reissner-Min diin dUtfc gia ciTorng d^m cong 
Timoshenko [16] 

Xet mot phan tii vo thoii cd trUdng chuyen vi trong he true tpa do ^a 
phddng dupc cho bdi 

",.w-K.v^^w,,^,,^^,^jni) 
trong do ""^^la chuyen vi theo cac phUdng O'x, O'y; W; la dp vong 

theo phuong 0'z;/( ,^ va fi^ la cac gdc xoay quanh true O'y, O'x, O'z 
tuong iing. 

Ning luong bien dang vi ddng nang ciia mflt phan td vd. theo ly 
thuyet vo Reissner-Mindlin, dUdc cho lan ludt nhU sau. 

Ning lupng bien dang 

= - | ^£>"£ , , dn-^--|^(K^D'K + Y'"D-'Y)dii, 

trong do " ' ' ' lin lUdt la biln dang mang, biln dang udn va bien 
dang cat, D'°,D*,D^ lan lUcft la ma trin vat li^u tUOng dng vdi cic thanh 
p h a n mang, uon va cat. 

Hinh 2. Mo hinh tinh toan vo gia cudng 

i2.2oi4fRinv:[iai|3g 



^I.e.')'"-" 
trong do m ^ l i ma tran quan tinh ciia v6 duoc cho bdi 

toa dp. T i lp theo, cac ma tran dd cdng v i ma t r i n khoi lu^Jng to in cue cCia 
k i t c iu v6 gia cUdng dUdc x iy dung theo nguydn i'y bi^n phSn Hamilton. 

Khong m i t tinh tong qu i t , vd duoc g i i sir gia cddng bdi rndtdSin; 
Tif do, i p dung nguyen ly Hamilton ta duoc phUdng trinh ph in tfch dao 
dongtydonhUsau 

(K-£y^M)q = 0 (12) 

vdi Pjfrli khdi lupng riSng va t la chi^u d i y cua vd Ngoi i ra. trong bai 
b i o nay chiing tdi g i i sCf r ing vd v i cua dam l i m b ing ciing mdt 
loai v | t l l fu. 

T i lp theo, mdt cdng thiic nang lu^ng cho dam dupc x iy dung dUa 
theo ly thuyet ciia Timoshenko. G i i sii rSng: 1) ph in tif d i m nam tr6n 
canh cua phan td vd, 2) chuyin vi cua vd v i dSm gidng nhau tai vi tri hen 
k i t , 3) i n h hudng udn v i c i t trong m^t ph ing O'rs duoc bd di ma khdng 
i n h hudng nhieu den b i ln dang t6ng t h l cua dam. Chuyin vi ciia dam 
trong h$ true 0"rsz n i m tr&n mat trung binh cua vd v^ duoc cho bdi 

ru(r,z)] \u,(r) + zfi,(r) 
u,=\v(r,z)\ = \u,(r) + zfi,(r) 

[^r,z)J [u,(r)-sfi,(r) 

Ning Iddng b i ln dang U„ va dong n ing T, ciia d i m I ln luot dUpc 

cho bdi 

trong d6 c, l i b i ln dang ciia dam; Ds l i ma tran v i t l i 
tr^n q u i n tfnh ciia d i m lan luot duoc cho bdi 

1 0 0 
0 1 0 
0 0 1 

(7) 

IS la ma 

(8) 

(9) 

trong dd *" la tan so dao dpng t u nhien, ** l i b i c t d do trong he toa 
dd toan cue; K, M lan lUOt la ma tran do cdng va khoi Iddng ciia h6 diMc 
cho bdi 

K=K,,+T'K,T (13) 

M = M . + T ' ^ M T 

(14) 

vdi •* ' '* ' ' v i '*' ' l i n lUpt la ma tran dpcdng, khfiilyongcua 
v6 v i dam tUOng dng, va T l i ma tran chuy in dSi nhutrong [15]. 

Chu y r ing , cac th inh phan chuyen vi trong mat phSng " I ' ^ yA th l 
khong i n h hUdng den c ic bien dang uon va ngupc lai, v i g6c 
xoay fl: khong l^m tang bien dang cua vo n^n khong cd do cdng tifOng 
i fn g . Dieu nay dan d i n hien tdpng suy bien trong ma t r in do ciitig 
tdng the neu tat ca cac p h i n tif ddng ph ing . D l g i i i quy l t van de niy, 
mpt so g i i trj nhd tUong dng vdi vi trf ^ , dUdc them vao ma tr^n d6 cilng 
ph in td. Mdt cieh khic l i sif dung phan t d tam gi ic lifng su^t 
ph ing cua Allman [17] va phan tCf nay se ddpc si i dung trong b i i trio (H 
xap xi chuyen vi mang ciia v6. 

2.2. PhSn tCf tam g i i c iJTng suat ph^ng Al lman [17] 
Theo [17], cac chuyen vj m i n g dUoc x i p xi bdi c ic h i m dang bic hai 

nhy sau ^ ^ 

« = tN,u„v^±N,v, (15) 

trong d6 " Ma cic g i i trj chuyen vl mit trong mat ph ing nhuduac 
cho bdi Hinh 3. 

Bae t u do tai trung diem cac canh sau do ddde chuyin d6i th inh bic 
tu do tai c ic dinh ciia phan tir tam giac dua v i o c ic g i i th i f t cila Allman. 
Cu the chuyen vi tai trung diem "4.' '4 dupc t inh toan theo chuydn v j v i 
gdc xoay tai dinh tam gl^c nhU sau 

0 0 0 0 0 

trong dd E, G l i md dun udn va md dun ci t , Is la md men quan tinh 
ciia t i l t di&n A theo true s, k - 5/6 l i h§ sfi c i t higu chinh, J = 0325 A^ I / , 
l i h ing s6 xo in St Venant vdi Ir l i md men qu in tinh ciia 
t i l t di^n theo true r v i e l i khoing cieh giiia m i t trung binh ciia phan t i i 
vd v i tryc sinh ciia d i m . Trong md hlnh tinh t o i n nay, lien k i t gida vd v i 
d i m dupc xem nhU l i cdng tuyet ddi. Do dd. Iheo nguyen ly chong chat, 
nang lupng t o i n ph in se l i t6ng nang lUdng ciia vd va cic dam, 

Kyhi&u *! v i *• l i n lupt l i b ic t y do chuyen vi cua ph in t i i vd gia 
cddng trong hk tpa dp dja phyong v i hk tpa dp t o i n cue duoc lien h^ vdi 
nhau qua cdng thdc ddi h^ true tpa do 

trong dd ' * l i ma tr^n cosin chi phuong. 
Td diy, c ic cdng thdc n i n g Idpng trong he tpa dd dia phuong 6 tr^n 

cd t h l b i lu d i l n trong h& toa dd t o i n cue thdng qua ph6p b i ln doi h f true 

Chuyin vi tai hai trung d i l m cdn lai ddpc t inh toan tdong ty. Ma tran 
do cdng ph in t d duoc x iy dyng bang cac thO tuc thdng thddng trong 
FEM k i t hpp vdi sd dung quan he chuyen vi ni i t tai c ic trung d i lm v i cic 
dinh nhy trong cdng thdc (16). 

Hinh 3. Phan t i l tam giic ling suat phing Allman 
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2.3. Phan tAMiN3 [131 
Trong p h i n t i iMIN3, c ic gdc xoay ddpc xap xi tuyen t inh theo c ic b i c 

t y do gdc xoay tai ba ni i t dinh ciia phan t i i , v i dp vpng dddc xap xi bae 
hai qua cac b i c t d do cOa ba nut dinh v i ba mit trung diem c ic canh ciia 
p h i n t l i nhy sau 

A =tiv.(«)A,; f.-t.i.ii)!!,.: »•. = i«,M». "" 

Sau dd, b i n g c ieh i p dung d i l u kien rang budc c i t lien tuc tren mdi 
Ccinh s ciia phan t i i , c ic b i c t u d o v l dp vong tai trung d i l m canh w4 dupc 
tinh t o i n theo do vdng v i gdc xoay ciia ba ni i t dinh nhu sau 

1 1 r 1 ( !« ' 

Trong b i i b i o nay, tfch p h i n Gauss dUOc sCf dung de t inh ma tran dd 
cdng va ma tran khdi idpng phan td . Sd diem Gauss ddpc lay t i iy thudc 
vao bae da thdc cao nhat trong ma t r i n dd cdng cung nhd ma t r i n khoi 
Idong. 

3. Cac Ic^t qua so 
3 .1 . Vo tru b ien t t f do dtftfc gia cddng hiA cac dam l^ch t a m 
Trong vf dy dau tien nay, ta se kh io s i t tan sd dao dpng t u do cOa 

mdt vd try co bi§n t y do dUoc gia cUdng bdi c ic dam lech t i m nhy trong 
Hinh 5, trong dd chieu day t = 3,175 mm, ch i lu dai cung b = L, v6 v i d i m 
cd cCing module d i n hoi E = 2,09.1011 N/m2; he sd poison v = 0,3 v i khdi 
lupng rieng p = 7800 kg/m3. 

Cic nut cdn lai dddc tinh t o i n tuong td. Tdng q u i t v l phan t d IVIIN3 
nhudypc chp bdi B ing 1. 

Bing 1. Hinh dang cac nut ban dau va sau khi rang buoc trong phan tit MIN3 

H t i m d a n g Hlnh d a n g Rang budc eat H inh dang 

„ - c i c n u t ban l ien t ye t ren cae nu t duoc 

^- ""f^y dau canh rang bupc 

B i c BSc 

hai m 6 t 
(»',.+A)„=o 

> ^ , j t -JwMyaF \ 

Ngoi i ra, de t i n g toe dd hdi ty cung nhu sd 6n dmh ciia p h i n td 
IWIN3, mpt h§ sd t rypt hi^u chinh kh ic d i dUOcTessler v i dong sd de xuat 
trong [13]. H& sd trddt hiSu chinh n i y dddc cho bdi 

trong d d c = 2 v i a = Alr^ vdi A la dien tich phantCl. 

2.4. Phin t<rCS-MIN3 
Phan t d CS-MIN3 g i n d i y dddc Nguyen-Thoi va cdng sy [12] de xuat 

n h i m p h i n tich dng xdcho tam.Theo dd, moi phan t d tam giac ba mit se 
dddc chia t h i n h ba tam gi ic con b i n g cieh ndi trpng t i m vdi ba dinh cua 
tam g i i c nhd ddpc cho trong Hlnh 4. 

Trong mdi tam g i i c con, h i m dang eiia phan t d MIN3 duoc ap dung 
de xap xl t rudng chuyen vi v i trudng bien dang. Sau dd. ky thuat tron hda 
tren d phan t d ddpc si i dung d l lam tron trddng bien dang. Ma tran dp 
Cling p h i n t d dUdc x i y dyng tren e ic trUdng bien dang dUdc lam tron 
niy. 

Ma t r i n dp cdng ciia phan t d v d t ho i i ddoc ket hdp bdi ma tran do 
edng cua phSn t i i Allman v i CS-MIN3 nhd sau 

K ,v = K . t + K f ; - ' ' ' " (20) 

Cung vdi sd k i t hop tren, ma t r i n khdi Iddng p h i n t i i dddc tinh bdi 

M . = f C 'm, ,Cd iJ (211 

vdi C l i ma tr^n h i m dang k i t hop bdi phan t d Allman va CS-IV1IN3; 
msh l i ma t r^n q u i n tfnh dddc cho bdi cdng thiic (4). 

*_' 
Hinh 5. Vo tru du'Oc gia cildngbdi cac dam lech tam 

Trudc do, Mustafa va All [3] da lam thyc nghiem cho ket cau n i y v i 
sd dung cac phan td khac nhau d l d u doan tan so dao ddng t d do ciia 
bai t o i n bang phan td tdg iac tam nii t va chin niit, Ngoai ra, b i i toan tr^n 
cung dUOc phan tich bdi cac loai p h i n td hifu han kh ic nhU sU k i t hpp 
phan td udn tam DKT va phan t i f dng sui t ph ing Allman eiia Samanta va 
Mukhopadhyay [18]; hay phan t d tam gi ic tuong thich b ic cao 36 b i c t y 
dodoSinha[19]dexuat . 

Ket qua sd ciia bai bao dUoc so sanh vdi ket qua ciia cac t i c g i i neu 
tren va dupe trlnh b i y trong B ing 2 va Hlnh 6 Vdi Iddi chia 12x12, Hinh 
6 cho thay sU tUOng ddng va sU hop ly ciia cac dang dao ddng t im bdi 
CS-M1N3 so vdi k i t q u i ciia thyc nghiem va c ie phuang p h i p so khic. 

Bang 2. Tam tan so dao dong tiT nhien f (Hz) cua vo tru gia cucmg c6 cac bien 

Hinh 4, Ba tam giac con " i - " ! ' ' ^ ' trong phan tiJ 

Mode 

Thyc 
nghiem 

Ph^tiJr 
chin nut 

(%) 
Phan tli 
tam nut 

(%) 
Sinha 

(%) 
Samanta 

(%) 
CS-MIN3 

(%) 

1 

139 

132 

5,0 

133 

4,3 

137 

1,4 

144 

-3,6 

140 

-0,7 

2 

250 

249 

0,4 

252 

-0,8 

240 

4,0 

247 

1,2 

257 

-2,8 

3 

368 

356 

3,3 

362 

1,6 

362 

1,6 

374 

-1,6 

366 

0,5 

4 

558 

581 

-4,1 

587 

-5,2 

559 

-0,2 

559 

-0,2 

572 

-2,5 

5 

598 

625 

-4,5 

633 

-5,9 

596 

0,3 

593 

0,8 

598 

0,0 

6 

692 

679 

1,9 

690 

0,3 

679 

1,9 

678 

2,0 

733 

-5,9 

7 

812 

788 

3,0 

800 

1,5 

807 

0,6 

806 

0,7 

836 

-3,0 

8 

972 

980 

-0,8 

990 

-1,9 

981 

-0,9 

972 

0,0 

1007 

-3,6 

41 



/(Hz) 

1000 ^ -

î . 

Mode 

Hlnh 6. Tam tan so dao dong dau tien cua vo tru gia cirdng 

T h y c n g h i ? m 

Phan t u c h i n n i i t 

S inha 

C S M I N 3 

Phan t u t a m n i i t 

Samanta 

Hinh 7. Sai so tiJi^g doi (%j cua cac tan so f (Hz) bang phUAig phap so so v^ ket 

qu^ thifc nghiem 

Ngoi i ra, sai sd tUong ddi eua cac phuong ph ip sd so vdi thuc nghiem 
dupc cho trong Bang 2 cho thay phan t i i CS-MIN3 eho ket q u i d i n g tin 
ciy, d i l n hinh l i sy khic biet d mode 1 l i 0,7%, mode 3 la 0.5%. va mode 
5 la 0.0% v i duoc the hidn d Hinh 7. 

3.2. V6 cau cd bien tiTa ddn dddc gia cUdng bdi hai dam dong tam 
trUc giao 

Trong vi du t h d hai, chung toi kh io sat tan sd neng ID (rad/sec) cua 
mdt vd c i u cd bien tUa don ddpc gia cddng t>di hai dam cong ddng tam 
true giao nhd minh hoa trong Hinh 8. Vd cd ban kfnh cong R = 2,54 m, 
d i y cung cd ch i lu d i i a = 0,7849 m v i ch i lu day t = 0,099451 m. Dam cd 
b l rdng b = 0,1016 m v i chieu cao h = t-(-b Vo va dam cd cung module 
dan hoi E = 68,97.106 N/m2, he sd poison v = 0.3 va khdi iupng neng p -
7732,24 kg/m3. 

Vd c i u gia cudng ddOc phan tfch d l tim tan sd rieng u (rad/sec) trong 
dd bdn tan sd dao dong d i u tidn duoc xem xet. K i t q u i sd vdi ludi 12x12 

Hlnh 8. Vo cau tua gon dUffc gia citcmg bcri hai dam cong triic giao 

Bang 3, Tan so neng u (rad/sec) cua vo cau tua ddn dirge gia ci/iing bdi hai dam 

dong tam tnJc giao 

Mode 

1 

2 

3 

4 

A. Samanta 

41,68 

74,38 

74,49 

100,50 

SAP2000 

37,67 

68,49 

68,59 

95,37 

CS-MIN3 

39,98 

70J2 

71,47 

96,31 

Hinh 9. Bon tan so neng w (rad/sec) dau tien cua vo cau ti/a ctOn dUcfc gia ci/ftng bSi 

haldamtrilcqiao 

/ { H z ) 

12 16 
L u o i ch ia NxN 

Hinh 10. Sir hoi tu cua tan so neng thiJnhat cua vo cau tita dcfn duoc gia ci/cBig W 

hai dam tn/c giao 
ciia b i i b i o dupc so sanh vdi ket q u i sd eiia Samanta va Mukhopadhyay 
[ i 8] v i ph in mem thuong mai SAP2000 cung vdi iddi chia tUOTig ti lNW 
dupc cho trong Bang 3. ta nhan thay rang phan t i i CS-MIN3 cho I M # i 
gan vdi SAP2000 d bdn mode dao ddng dau tien v i phD hop v6i k A # i 
tham khao ciia Samanta Ket q u i s d d m o d e l ciia b i i biocdsyhdituhf l i 
lyva duoc minh hpa bdi Hinh 10 
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4. Ket luan 

Hien nay. nhieu p h i n t i f dddc p h i t tnen vdi nhieu ly t huy l t khac 
nhau de p h i n tich ifng x i i eiia k i t cau vd gia cddng. Trong bai b io . t i c gia 
sd dung phan t d CS-MIN3 d l loai bd "khda cat" v i ket hop phan t i i ufng 
sui t phang Allman de t r i n h hien tddng suy b i l n tai b^c tU do xoay xung 
quanh true z. Chi vdi lUdi Ihd hoac trung binh. k i t q u i sd ciia b i i b i o d i 
gan vdi k i t q u i thyc nghiem eung nhu phan mem thuong mai 5AP2000, 
Phyong p h i p CS-MIN3 tfnh toan ddn g i i n , k i t q u i sd d i n g t in cay cho 
thay t inh hieu q u i v i tdc do hdi tu nhanh. 

Ldi c i m On 
Nghien cud n i y dUoc t i i t rp bdi Dai hoc Qudc gia Thanh Phd Hd Chf 

Minh (VNU-HCM) trong khudn khd d l tai ma sd B2013-18-03. 
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