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TOM TAT

Viéc nghién ciu vA 4p dung cc phuong phip s6 mdi dé mé phéng iing xt clia két cu vé gia atdng ludn thu hit sy quan tim cita gidi
khoa hoc do vai trd quan trong va phd bién ciia dang két cdu ndy trong nhiéu nganh ky thuat nhu xay dung, hang khéng, déng thu,
diu khi, v.v. Bai bdo nay vi vy dugc thyc hién nhim déng gép thém mdt phuong phip s6 dé phan tich dao ddng ty do cho v thodi
gia cuding gan. Phuong phdp dugc dé xudt st dung phan tif tam giac v phing lam tron CS-MIN3 két hgp véi phin i tam gidc iing
sudt phdng Allman va dugc gia cuding bing phan ti ddm Timoshenko. Diéu kién tudng thich ciia vo vi dim dugc ddm béo thong
qua diéu kién wiong thich chuyén vj tai mit tiép xic giita v6 va dim. Do hiéu qua 1am mém ma tran dd cing cia ky thuat lam tron,
phan tir vé CS-MIN3 cho cac két qua khé 16t so vdi cac phan tit bac cao khic. Cac két qui s cita bi b4o da co ban minh hoa dugc
d§ chinh xdc va sy tin cdy cha phudng phép duge dé xudt.

Tit khéa: v6 gia cudng, phuong phap phin tit hiu han tron (S-FEM), phén tif vé phdng Mindlin ba niat dugc 1am tron (CS-MIN3)

ABSTRACT

The studying and applying new numerical methods to simulate response 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 oul 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 surface between shell and beam. Because of the softened stiffness matrix 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 rehability 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. Gléi thigu

K&t cdu v6 dugrc gia cudng gan (gol tht 13 vé gia cudng) hien nay dugc
st dung réng ral trong nhiéu linh vy khac nhau nhu hang khéng, tau
thly, c3u dudng, xdy dung, .. Nhimng két ciu nay dugc tao thanh bdi vd
dudc gia ardng bing cac gan (duge xem nhy la dim). Nha cb dém gia
cung ma két ciu c6 cubing dé va 86 cing Ién han nhiéu so vai két ciu
v thudn tiy, ddng thdi vat lidu ché 120 6 khdiluang it han. Chinh nhing
Uu didm nay 1am cho két ciu vo gla cusing dat hiéu qus cao vé cudng do
chiu lyc va ca vé gid tn kinh t&

it @du nhimg ndm 1950, bai todn két cdu vé gia cudng da dudc rit
nhiéu nha khoa hoc trén thé gigi dac biét quan tam chi y dén va nhiéu
€6ng trinh nghién ciu @a dugc thyc hién Trong dé phuong phap phin
tir hitu han (FEM) 13 phuong phap s& duoc st dung phd bién nhat do thi
tuc tinh todn don glan, gidi quyét duge nhiéu bar toan phiic tap, cho 36
chinh xéc cao va ¢é co sé todn hoc chat ché.

Sinha va cng sy [1] 4& xust phan tu tuong thich c6 hinh dang tam
gidc bat ky vai 36 bac tu do dé phan tich vé ndng gia cudng bit ky, trong
a6 dim gla cudng c6 thé duac @3t &vi tri bat ky trong phan tir vd va theo
hudng bat ky. Samanta va Mukhopadhyay [2] két hop phan tir un t&m
DKT va phén tir ting sudt phng Allman tao ra phén ti vé gia cutsng dung
cho viéc xdc dinh tn s6 dao dong ty do va hinh dang dao dgng, trong
a6 ddm Augc xem 12 d6c 1ap va c6 thé duoc dat & v trf bat ky trong phan
tl v8. Phan 1 nay c6 thé dudc dung dé phan tich cau tric vé gia cuding
néng cling nhu sdu véi gid thiét vé thod Mustafa va Al 3] st dung siéu
phén ti 8 nit va 9 nit 88 phan tich dao dong ty do ciia vé hinh try va ban
cong hinh tru ¢6 cac ddm gia cuding truc glao, phan t nay 1a sy két hgp
gilra phin tw vé ciia Cantin va Clough [4) dugc chinh sta sau dé bdi Sabir
va Lack (5] va cac phan tir dim cong cba Davis va cong sy [6-8), trong d6
céc ham lugng gléc duac dua vao trong ham chuyén vi @& mé ti chuyén
Vi clia phén tu cong. Prusty va Satsangi (9] sir dung phan tv déng tham s§
8 nit cho vb va phan t ddm cong 3 nit @é phan tich tinh hoc cho vo gla
cudng theo ly thuyét vd 1éng quat. Phan 1én cac phin tir ndy cho két qua
héi tu nhanh nhung lai té ra qua phiic tap trong viéc &p dung cing nhu
Abi hdi nhiéu bac tu do cho mdi phan tu.

Cung vdi sy phat trién cua cac phuang phap s6, Liu & Nguyen-Thoi va
cong su [10] da tich hop k¥ thuat lam tran trudng bién dang vao FEM 88
tao ramit loat cdc phuong phap phan tir hau han tron nhus 13m tron trén
& phén t& (CS-FEM), lam tron trén nGt (NS-FEMY), lam tron trén canh (ES-
FEM) va lam tron trén mat (FS-FEM). M&i phén tir 1am tron ¢6 nhing loi
thé khac nhau va cling dua ra nhifng két qua dang mong don khi nghién
cu cacbai toan ca ky thuat trong thuc té.

Trong cdc mé hinh S-FEM ké trén th CS-FEM [10,11] cho théy su hiéu
qua va don gidn trong viéc 3p dyng vao cac bal todn phan tich tdmAve,
Trong [12), Nguyen-Thol va céng su dé tich hap ky thuit tam tron CS-FEM
vao phdn tr tdm Mindlin ba nat (MIN3) cta Tessler va cdng sy (131, dé
phén tich tinh hoc va dao déng tu do cva bai todn tam. Sau d6, Bur Xuan
Thang va cac cdng sy [14] da s dyng phén tif ndy dé mé rdng phan tich
tinh hoc két cdu vé thodi duoc gia cuding gan. Cac két qué s6 dat duoc
cho th8y phan tir CS-MIN3 khir duge hién tuang “khda cat” (shear lacking)
va dat dugc d¢ chinh xac cao khi dugc so sanh vdi cac két qua 83 dugc
cdng b truéc 86,

Trong bai bio, chiing tdl md réng phén tu CS-MIN3 d& phan tich dao
aéng ty do cho két cBu vé gia cudng gan léch tam. Trong d6 phan ti
g6¢ CS-MIN3 dugc két hop vai phan tf Ung suat phdng Allman dugc gia
cuding bai phan t dam chju udn Timoshenko. Sy léch tim glda vo va
dim dugc ké @én trong cong thic ciia dim. Sy tuong thich cla chuyén vi
mang, 86 vong va cac géc xoay cla vé va dam dugc 4p dung tai cac vi tri
lién két. Hai vi du s& s& duoc ding dé kiém chung sy chinh xac va 86 tin
cay cla phuang phap bing viéc so sénh véi thyc nghiém va phan mém
thuong mal ciing nhu cic phuong phap s6 khac.

2.Ca s¥ ly thuyét

Bai toan vé gia cudng c6 nhidu hubng tiép can khac nhau, trong 86

Hinh 1. V5 gia cuing trong céng tink xay dung - Vién cong nghé Massachusetts
IT;

6 hai hudng tiép can chinh. Huéng thu nhat, ta xem két ciu vo gia cudng
nhu mét két cdu vo truc hudng. Tuy nhién, mé hinh nay chi phi hop véi
c4c ddm gia cudng 12 déng nhat, mang, vi tri gan vi bing nhau, va hudng
ctia ddm I3 vuang géc Trong hudng thirhai, vé va dim ugc xem nhu hal
thanh phéin déc lap va duoc lién hé vé nhau thong qua diéu kién tuong
thich vé chuyén vi [15). Hudng tip can ndy dugc chi y phat tnén hon do
phuong phap tinh toan don gian, phan anh ding véi tng xur thuc chia két
cdu han huéing dau tién. Trong bl bdo nay, ching ti sé str dung hudng
tiép can thir hai @ mé hinh cho bai toan.

2.1. M6 hinh vé thoa Reissner-Mindlin dugc gla cuémg dam cong
Timoshenko [16]
Xét mot phdn tirva thodi ¢6 truang chuyén vi trong hé tryc toa 46 dja
phuang dugc cho bén
wu ()=, v, w, B, 8,81 M

trong dé "=*V1ta chuyén wi theo cac phuong O'x, O'y; w: 13 86 véng
theo phuong O'Z,‘ﬂ“/}r va f la cac géc xoay quanh truc O'y, O'x, O’z
tuong dng.

Nang luong bién dang va dong nang cla mot phan td vé, theo Iy
thuyét vé Reissner-Mindlin, ugc cho Iin lugt nhu sau.

Nang lugng bién dang

U, U5 U @
1 rpe ! 12 oy
Ejﬂs_b s, d.Q+EL(K Dix +y'D'y)dQ,
trong 86 Y 13n luot 13 bién dang mang, bién dang usn v4 bién

dang cét, D", D*, D" I4n luat [ ma tran vat liéu tuong tng véi cac thanh
phian mang, udn va cat.

Hinh 2. M3 hinh tinh todn vé gia cudng
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Bdng nang
1 . .
Tu=b[ (6.) moi a0

trong d6 M, 1a ma tran quén tinh cUa vd Gugc cho béi

P @

12’1’

V&1 Poatd khéi lugng riéng va t 1a chiéu day cba vé Ngoai ra, trong bai
b & o nay ching 1 g3 sif rAng vé va cla dim lam bing cing mot
loal vat léu.

Tiép theo, mdt cong thifc nang fugng cho dim duge xdy dung dua
theo ly thuyét coa Timoshenko. Gid sif (dng: 1) phan tf ddm ndm trén
canh cta phén tvd, 2) chuyén vi cia vd va dim gidng nhau tal vi tri ién
k&t 3) dnh huéng udn va cdt trong mat phdng Ors dugc bd di ma khong
4nh hudng nhiéu dén bién dang t8ng thé cla ddm. Chuyén vi cva dam
trong he truc O°rsz ndm trén mét trung binh cla vé va duoe cho ba

itro2y] u, ()4 28,07 )
u, =| 5n2) |=| w0+ 28,01
)| {win)-B,0)

s

m,, = pdag(s.1.1,

Nang lugng bién dang U, va déng nangT. cua d&m 13n luot dudc
cho bgi

U= %L(: Ypeer @

T =%L(u.)' mu,dr ”

trong d6 £, 13 bién dang ciia dam; Os la ma tran vat liéu va ms (3 ma

trdn  quén tinh cUa dim I3n luot duoc cho ban
v, = diag(EA, E1, kGA,G.J) ®
Loao e [ ©)
010 o e 0
001 0 (]
1
M=P,/4f005’+7' 0o 0
0euv o e+l
A
000 o0 0

trong d6 E, G 1a mo dun udn va mé dun cat, Is 13 mé men guén tinh
clia tiét dién A theo tryc s, k = 5/6 1 hé s8 cdt hiéu chinh, J =0.0254* /]
13 hing s& xo4n St Venant vé Ir 1 mé men quan tinh cia !
uét dign theo truc r va e 13 khodng cach gitia mat trung binh cia phén té
VO va tryc sinh cia ddm. Trong m6 hinh tinh toan nay, lién két gitra vé va
ddm dugc xem nhu la cing tuyét d61. Do d6, theo nguyén Iy chéng chst,
nang lugng toan phén sé I3 tdng ndng luong cla vé va cac ddm.

U=, SV,

T=T,-3T

ky higu 9 va 9 13n luot1a bac ty do chuyén w cGa phin 1 vé gia
cudng trong hé toa a4 dja phuang va hé tea dd toan cuc duoc lién hé véi
nhau qua cong thue ddi hé truc toa do

Q' =A§

(10)

an

trong 6 A 1a ma trdn cosin chi phuong.
T ddy, cac cong thilc nang lugng trong hé toa do dia phuong & trén
<6 thé bidu dién trong hé toa @6 todn cuc théng qua phép bién Asi hé truc
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10a d6. Tiép thea, cac ma tran 46 cling v ma tran khéi lugng toan cuccla
Két ciu vb gia cuting dugc x3y dung theo nguyén 1§ bign phan Hamilton,

Khang mét tinh téng quat. vo dudc gid s gia cudng bdi mt dim:
Tir 46, 3p dung nguyén ly Hamilton ta duac phuang trinh phan tich dao
déng ty do nhu sau
(x-o?M)a=0 0y

trong 86 ¢ 12 tan 58 dao dong tu nhién, % 13 bic ty do trong hé toa
a6 todn cyc: K, M 18n Iuot la ma tran dé cing va khai luang cta hé duge
cho bai
K=K, +T'KT )
M=M,+T'M,T "
véi Ko ™ ua Mus M 1un t ma tran 80 cing, khéi uang i
vd va dém tuong ung, va T 13 ma tran chuyén d&i nhutrong [15).
Cha y ring, cac thanh phin chuyén vi trong mat phdng 4oV, Bt
khong dnh huding dén cac bién dang udn va ngugc lal, va gée
xo0ay B. khong 1am tang bién dang cia vd nén khong 6 46 ang tuong
Ung. Diéu nay dan dén hién twong suy bién trong ma trén df cing
tdng thé néu tat ca cac phin tir ddng phing. DE giai quyét vin dé ny,
maot 58 gid tri nhé tuang Ung vai vitri A, dugc thém vao ma trén a4 aing
phan ti. Mot cach khac Ja sif dung  phén tr tam gidc tdng sult
phdng ctia Allman [17] v phan tif nay sé dugc sir dung trong bai béo aé
x3p xi chuyén vi mang cba vé.

2.2, Phdn tif tam glidc ing sudt phing Allman (17]
Theo [17]. cdc chuyén vi mang duoc x&p xl béi cac ham dang bic hai

nhu sau 5 «
u=) Nu.v=3 Ny, 15
]

trong @b ™3 ¥ I3 cac gi4 tri chuyén vl nGt trong mat phdng nhu dug
cho bdi Hinh 3.

Bic 1/ do tai trung diém céc canh sau d6 dugc chuyén a8i thanh bic
W do tai cdc dinh cua phan tif tam glac dyta vao cac gia thi€t cua Aliman.
Cu thé chuyén vi tai trung giém ., V4 dugc tinh toan theo chuyénvivd
géc x0ay tai dinh tam gldc nhu sau

HL[ L] (Ba=B) v - nel
Vil 2lm] 2w 8 =%
c'huyén Vi tar hai trung diém can fai dugc tinh todn tuong ty. Ma trdn
a9 curlg phén tlf duoc x8y dung bling cac thi tuc théng thudng tong
FEM két hp véi sir dung quan hé chuyén vi ndt tal cac trung G1ém v cic
dinh nhu trong cong thisc (16).
Yy

1 T"‘ X v, x

Hinh 3. Phén tir tam gidc dng sudt phdng Allman




2.3.Phin td MIN3 [13]

Trong phén ti MIN3, cAc g6¢ xo0ay dugc x3p xi tuyén tinh theo céc bac
ty do goc xoay tai ba nit dinh ciia phan tl, va dé véng duoc xdp xi bac
hai qua cac bac ty do clia ba nit dinh v ba nit trung diém cac canh cla

phén trnhy sau .
=YR@w, 07
-

NS B =S NA,:

Sau d6, bdng cach &p dung didu kién rang budc cit lién tuc trén méi
canh s cda phén W, cac bac by do vé db véng tai trung diém canh wa dugc
tinh ton theo d6 vong va géc xoay cia ba nit dinh nhu sau

(18)
Sl L pa-Bs Ba- ﬂ,,][, _x]

Cac nut €on lai dugc tinh todn tuong tyu. Téng quét v& phin ti MIN3
nhu dugc cho bén Bang 1.

Bang 1. Hinh dang ¢ac niit ban dau va sau khi rang bugx trong phan tit MIN3

Ham dang Hinhdang Rangbudccdt  Hinhdang
7/9” cac nut ban lientyctrén  cac nut dugc
h v dau canh rang budc

Bac ac w +,B, j
hai mot A

Ngodi ra, 8 ting tc 86 hoi ty cdng nhu su 6n dinh cda phén t
MIN3, mot hé s trugt hidu chinh khac da duoc Tessler vi ddng su 8é xuat
trong {13]. Hé s truat hiéu chinh nay duocc cho bai

_ K (19
“l1+alC

trong d6 C = 2va a = A/r* v6i Aladién tich phan tit.

2.4. Phin t CS-MIN3
Phan tir CS-MIN3 gin day duoc Nguyen-Thol va c6ng sy [12] dé xudt
nham phan tich ing x cho tdm. Theo A6, md1 phan tf tam giac ba ndit sé
duac chia thanh ba tam giac con bing cach néi trong tam vai ba dinh cia
tam gidc nhu dugc cho trong Hinh 4.
Trong méi tam gid¢ con, ham dang cua phin t MIN3 duoc 4p dung
A& xap x! truding chuyén vi v truding bién dang. Sau @6, ky thuat tran héa
trén 6 phén t dugc s dung A& lam tron truding bién dang. Ma tran do
cing phin W dugc xdy dung trén cac trudng bién dang dugc lam tron
nay.
Ma trdn do cling clia phén ti v thodi dugc két hop bdi ma tran ag
cling ctia phin tu Allman va CS-MIN3 nhu sau
=K K 20
Ciing v su két hap trén, ma tran khéi luong phan t dugc tinh boi
M, =[ C'm.Cd0 @y

v@i C 13 ma tran ham dang két hop bdi phén t Aliman va CS-MIN3;
msh 12 ma trdn quan tinh duoc cho béi cong thuc (4).
\

Hinh 4. Batam gidccon 412 trong phén tir

Trong bai béo nay, tich phan Gauss duoc s dung détinh ma tran d6
cing v ma tran khéi lugng phin tu. 56 diém Gauss dudc I8y tiy thudc
vao bic da thic cao nht trong ma trén 8¢ cung cang nhu ma tran khdi
lugng.

3. Cackét qua sé

3.1. Vb try bién ty do dugc gia cudng béi cac ddm léch tim

Trong vi du d4u tién nay, ta sé khdo sat tan s6 dao ddng tu do cha
mét v try <6 bién ty do duac gia cudng bdi cac dém léch tam nhu trong
Hinh §, trong d6 chiéu diy t = 3,175 mm, chiéu dai cung b = L, v6 va ddm
<6 cting module dan héi € = 2,09.1011 N/m2; hé s6 poison v = 0,3 va khéi
lugng riéng p = 7800 kg/m3.

3.,!!5

b3, b4, bS

Hinh 5.V tru duc gia cudngbén cac ddm 18ch tam

Trude d6, Mustafa va Al [3) da 1am thyc nghiém cho két cau nay va
st dung cac phin tir khac nhau @é du dodn tan s& dao dong t do cia
b todn bing phan tr ti gidc tim nit va chin nit. Ngodi ra, bai todn trén
«ciing duac phan tich bdi cac toal phdn tr hiru han khac nhu sy két hgp
phan tir udn tdm DKT va phan tir ing suat phdng Allman clia Samanta v3
Mukhopadhyay [18); hay phdn ti tam giac tuong thich bac cao 36 bac ty
do do Sinha [19] dé xuit.

K&t qud 6 cia bai bdo duoc so sanh vai két qua cla cdc tac gid néu
trén va dudc trinh bay trong Bang 2 va Hinh 6 Véi lu6i chia 12x12, Hinh
6 cho thdy su tuong déng va su hop ly cla cac dang dao ddng tim bdi
CS-MIN3 so vdi két qua cha thic nghiém va cac phuong phap sé khac.

Bang 2. Tém t4n s6 dao dong ty nhién f (Hz) cia vd try gia cubing ¢ cdc bién
tudo

Mode 1 2 3 4 5 6 7 8
Thue

rpbi 139 250 368 S8 598 692 812 oM
PN ) 40 356 S8 625 679 788 980
chin nit

©4) 50 04 33 41 45 19 30 -08
—

g’::::: 133 252 362 587 633 690 800 990
@ 43 08 16 52 59 03 15 -19
Siha 137 240 362 559 596 679 807 981
%) 14 40 16 02 03 19 06 00
Samana 144 247 374 559 593 678 806 972
%) 36 12 16 02 08 20 07 00
CS-MIN3 140 257 366 572 S98 733 836 1007
) 07 28 05 25 00 59 30 36
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f(Hz)
1000
800
600
400 g O
L}
200
. (7v
% 2 3 4 s 6 71 8
Mode
Hinh 6.Tdm tan s6 dao ddng dSu tién cia vo try gia cwng
(%)
10

1 2 3 4

~
EN
-
I~

Mode i

—a&— Thyc nghiém
—a—  Phan tu chin nut

—&— CSMIN3
—e— Phin wtam nat

—w»— Sinha —w— Samanta

Hinh 7. Sa) 53 tuong ddi (%) cda céc tan sa f (Hz) bing phuong phap 56 so vdi két
qué thite nghiém

Ngoai 13, sai 56 tuong dé1 cua cac phuong phap s6 5o vén thue nghiém
duge cho trong Bang 2 cho thdy phin W CS-MIN3 cho két qua dang un
cdy, dién hinh a su khac biét & mode 112 0,7%, mode 3 1 0,5%. va mode
5130,0% va duoc thé hign & Hinh 7.

3.2,Vé cdu ¢6 bién tua don dugc gla cuong bal hai dam déng tam
truc giao

Trong vi du thi hai, chiing tor khdo sat tdn s6 néng w (rad/sec) cia
mot vé cau ¢b bién tua don duoc gia cudng bét hai dam cong déng tam
tryc giao nhu minh hoa trong Hinh 8. V& ¢é ban kinh cong R =254 m,
ddy cung ¢6 chiéu d3i a = 0,7849 m va chiéu day t = 0,099451 m. Dim c6
bé réng b = 0,1016 m va chiéu cao h =t + b Vi va d&m c6 cing module
din hi € = 68,97.106 N/m2, hé 56 porson v = 0.3 va khéi tuong riéng p <
773224 kg/m3.

V6 cdu g1a cudng duoc phan tich dé tim t3n 56 riéng w (rad/sec) trong
a6 bén tén 56 dao dong dau tién duac xem xét. Két qua sé vér ludn 12x12
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Hinh 8.V ¢du tua don duac gia cubing bar hai ddm cong tryc giao

Bang 3.T8n s6 néng @ {rad/sec) cla v cdu tya don dupe gia cubng béy hai dim
ddng tam tryc giao

Modec  A.Samanta  SAP2000 CS-MIN3
1 41,68 37,67 39,98
2 74.38 68,49 70,32
3 74,49 68,59 47
4 100,50 9537 96,31
w (rad/sec)
120 Mukhopadhyay
100

SAP2000

Mode
Hih 9. B3n tén s6 néng  (rad/sec) dau tén clia vo cdu tya dom dua ga audng bik
hai ddm truc giao
[{Hz)

44
2
40
38
36

CS-MIN3
SAP2000

12 16 20 M
Luéi chia NxN
Hinh 10, Suhity cia 4 56 néng i nht cia vb cu tga don duge Gia g
hai dém tryc giao

€62 bai bso duoc so sinh vai két qua s ciia Samanta va Mukhopadhyay
118 va phdn mém thuong mar SAP2000 ciing vén lues chia tuong g N
duoc cho trong Bang 3, ta nhin thiy ring phan ti C5-MIN3 cho ki gl
8 v61 SAP2000 & b6n mode dao dong dau tién va phis hop véi Kt
tham khio cila Samanta Két qua s6 & mode 1 cua bai b30 ¢6 sy hituh®
ly vé duac minh hoa bdi Hinh 10



4. Két fuan

Hién nay, nhiéu phin W duoc phét tnén véi nhiéu ly thuyét khac
nhau dé phan tich iing x\f cia két c8u vd gra cuding. Trong bai bao, tac gid
str dung phan tr CS-MIN3 @6 loai bd “khda cat” va k&t hop phén tif ung
suét phing Allman @€ tranh hién tudng suy bién tal bac tu do xoay xung
quanh truc z. Chi véi luéi thd hoac trung binh, két qu s6 cla bal bdo 03
gan vdi két qua thitc nghiém cing nhu phdn mém thuong mai SAP2000.
Phuong phdp CS-MIN3 tinh todn don gidn, két qud 8 dang tin ciy cho
thay tinh hidu qua va téc 46 héi tu nhanh.

L& cam on

Nghién citu nay duoc tai trg bén Dar hoc Qudc gia Thanh Phd HS Chi
Minh (VNU-HCM) trong khuén khé Gé tai ma s§ 82013-18-03.
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