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TOM TAT: Ngay nay, khi vat lidu cuong dg cao dugc sit dung trong thiét ké d€ tao ra cdc
két cdu 6 hinh ddng thanh mdnh hon thi van dé thiét yéu la dam béo su lam viéc én dinh cho
két cdu. Hién nay cd nhiéu phuong phdp dé gidi quyét bai todn &n dinh khung dan héi nhu
phuong phdp liwc, phuong phdp chuyén vi, phuong phdp phdn ti hiu han,... Trong bai bdo nay,
tdc gid gidi thigu mgt phuong phdp ndng lugng khdc dé tinh todn 6n dinh la phuong phdp Phdn
tit Roi rac (Discrete Element Method) dé tinh todn &n dinh khung phdng dan héi. Chutong trinh
tinh 6n dinh DEAFRAME bdng Matlab xdy dung dwa trén co sd phuong phdp nay dugc ing dung
khdo sdt én dinh mgt s&' vi du khung phdng. Két qud dugc so sdnh vdi két qud tinh theo cdc
phuong phdp khdc, cho thdy phuong phdp Phdn tit R¥i rac don gidn va higu qud khi sit dung.

1. DAT VAN PE

Cing véi viéc sif dung vit liéu cudng do6 cao tao ra cdc k&t ciu hinh dang médnh hon thi vin dé
8n dinh c6 ¥ nghia rat quan trong va da dugc quan tdm nghién cifu nhu n dinh thanh, khung, tdm,
v4,...Trong dé, bai todn 6n dinh khung ciing dugc dé cdp dén rdt nhiéu [1-7].

Hién nay, c6 nhiéu phuong phdp dé gidi quy&t bai todn 8n dinh khung phdng: phuong phap tinh
hoc dya vao sif cin bing tinh hoc nhu phudng phap lue, chuyén vi,...[4]; phuong phdp ning lugng dua
vio viéc khdo sdt th€ ning todn phan cla hé nhu phudng phap st dung him thi, phén t& rdi rac, phin
td hitu han...[1-7]; phudng phdp dong lvc hoc dua vao viéc khdo s4t tin s6 dao dong riéng ciia hé. Véi
phudng phép tinh hoc thi khdi lugng tinh todn 16n, phifc tap, cdn phuong phip ning lugng nhu phuong
phdp Phén t& Hitu han (PTHH) 1a mot trong nhitng cdng cu dudc ng dung rng rii trong tinh todn
song lai khd céng kénh khi gidi quy&t mét s& bai todn don gidn. Vi vdy, viéc tim hi€u va nghién ciu
cdc phuong phap don gidn hon, c¢6 dd chinh xdc cao d€ tinh todn 8n dinh k&t ciu 12 didu cdn thiét.

Trong bai bdo ndy, tdc gid gidi thiéu mot phuong phdp nang lugng khac dé gidi bai toan &n dinh
khung phing dan héi, d6 12 phudng phdp Phin ti¥ R3i rac (PTRR). Phuong phdp ndy di dugc El
Naschie gidi thiéu trong [1] va dugc 4p dung xdc dinh nbi Iyc, chuyén vi dim don va tinh todn 6n dinh
mgt s két cdu thanh, khung, tdm... Trong [1] ciing chi ra cdch thifc chung d€ x4y dung cic hé thic
ndng lugng va trinh bdy mot vai vi du tinh 8n dinh khung don gidn d€ minh hoa v6i md hinh tinh c6 s&
it phan ti.

Trén cd sd phuong phédp PTRR cdc cong thifc ning lugng tdng quat dugc thiét 14p dé tinh todn
khung mét 6n dinh d&i xdng va phin d6i xing. Chudng trinh DEAFRAME x4y dung bing Matlab 6.0
trén cd sé phudng phdp nay dudc sit dung d€ khdo st mot s6 vi du va so sdnh véi chudng trinh

ANSYS 5.4 (theo phudng phdp PTHH) va phuong phép gidi tich. K&t qua s6 theo cdc phlrdng phédp trén
dudc bi€u di&n bing dd thi va k&t hgp so sanh.

2.COSG LY THUYET

2.1 Mo hinh phén tif rdi rac
D€ minh hoa ¥ tuéng cd ban ciia phing phdp PTRR, ta xét cdu kién dan hdi mot phuong. Ta chia
cdu kién thanh n phén ti c6 chidu dai 4 =L/n dudc lién k&t lai véi nhau bdi cdc khép dan héi
khong ma sit (H.1 va H.2). Cdc khdp ndy c6 vai trd nhu nhu‘ng 10 xo xoay chdng lai bién dang uén

clia ciu kién. Nhu vy, ning lugng bién dang udn tai m&i khdp trong cdu kién cung tuong tu nhu
trong 10 xo xoay va dugc xdc dinh theo [1] nhv sau:
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1
AU =5C(A‘P)2, (1)
v6i A - su bi€n ddi goc gira 2 phén i lién ti€p, C- dd citng 10 xo dugdc xdc dinh nhu sau:
El nEl
B » (2)
A L
Ning lugng bi&€n dang udn ciia toan cdu kién U sé& la:
n+l 1
U= 80 =ZEC(A‘Pi)2 3)
i=1
AY

O/O

/ Khdép dan hdi
' khong ma sét

QO

@

A

mnh ]. Mﬁ h‘lnh phﬁn Il"r rai rac Hinh 2. Mﬁ lﬂnh phﬁn lﬁ' I’Bi rac Cﬁa khllng

2.2 Thé ning bi€n dang dan hdi cia md hinh PTRR va ctia k€t cdu lién tuc:
Quan hé gifta moment udn va do vong ciia ciu kién dugc bi€u dién trong phudng trinh vi
phén ciia duding dan hoi:

w" M ,
= =t @)
1+ (w') I
Do chuy&n vi 1 bé, ta ¢6 thé don gidn phudng trinh trén thanh dang gin ding: W" = ] 5)
El
véi El 12 db citng chdng udn cla ciu kién. Vi'¥' =w’ 1a gbc xoay néntacé: yY'= % ©)
d¥ =

<::>M=EI——=EIhméinIﬂz-ElA‘P=CA‘P @)

dx ax-0 Ax Ax Ax

. N El

Tix (7), ta x4c dinh dudc do cing 10 xo: Cx g _ (8)

g n+l 1 5 a4l 1 EI = a4l | AW, 2
Thé (8) vao (3), ta duge: U = ZEC(A‘i’i) = ZEE—-(A‘Pi) == ZEEI El_ A, ®
i=l X, i=1 i

Khi n —> oo thi chudi sé& trd thinh tich phdn nén ta c6:

i=l

L1 (av) Ly
U= [~F1l =X | ax = [ZE1¥'d 0
5[2 [dx) T 5[2 * )

Thé (6) vio (10) ta dugc bi€u thitc thé ning bién dang dan hdi:
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U= |-——dx (11)
0
Bi€u thifc (11) cho thiy thé niing bi€n dang dan hdi ciia hé theo md hinh PTRR va ciia k&t cdu
lién tuc1a twong ducng khi n 16n va n&u bd qua nh hudng ciia Iuc doc va luc cat.

2.3. Xdc dinh h¢ s0'tdi trong t6i han khung phing biing phuong phép PTRR
Nguyén Iy thé nding toan phén ding:

Goi V 1a th€ ning toan phin cla hé (total potential energy) 1 sy ché&nh 1&ch giita ning lugng
bi€n dang dan hdi U (strain energy) va c6ng ngoai luc L, (load potential) ciia hé:

V=U-L, - (12)
Thé€ ning toan phdn cila hé dat cyc tri tai diém dao ham bic nhdt V(¥) theo ¥ triét tiéu:
oV
V,=—=0 veii=1,2, ..., (n+1) (13)
oy
Mt khdc, d€ trang thi cin bing &n dinh (di€m cyc tifu cia hé), cin théa min diéu kién:
2
v,=2¥ 50 (14)
oy,

Dé tinh todn &n dinh khung theo phuong phép PTRR, ta s& thuc hién cdc budc sau:
- Gid thi€t bi€n dang cla khung, x4c dinh th€ ning bién dang dan héi cia khung bao gém
th€ niing bi&n dang dan hdi ciia cot khung U, va ciia dim khung U, theo (3):

U= UC +Uy, (15)
trong d6 U, va Uy dugc xdc dinh nhu sau:
n
U.=YU, (16)
J=l
N4
Ud = ZUdi (17)

i=1
Vi n, ng 12 6 cot va s§ ddm trong khung, Ug; va Uy 12 thé ndng bién dang dan hdi trong cot thir
j va diam thit i cda khung.
- Xdc dinh cdng ngoai luc L, tic dung 1&n khung.
- Vi€t ham thé& ning toan phin clia hé theo (12).
- Xdc dinh cyc tri ciia ham th€ ning toan phin theo (13) ta dudc:

aL
Vomie L2t Sk D) (18)
oy; By,
Vi€t lai bi€u thic (18) du6i dang ma trin: D, {y} = Dy{y}-D {y}=0 (19)
trong d6 cdc s6 hang clia Dy dude x4c dinh nhy sau: B (i’j)z [:W_U.)/wj (20)

cdc s hang clia D, dugc x4c dinh nhusau: D (i.7)= ﬂ.‘i gy, V6ii,j=1,2,...,(+1) (21
K ’J aw W,

Ta thu dugc hé phudng triah dai s8 tuy€&n tinh thuin nhit: D,¥ =0 (22)
Pit a = PLYEI, gidi phuong trinh dic trung IDv| = 0, thu dugc nghiém nhd nh4't chinh 12 hé s& tii
trong t6i han o. T hé s6 nay ta xdc dinh tai trong t6i han P

3. CAC CONG THUC THE NANG BIEN DANG PAN HOI VA CONG NGOAI LUC CHO
KHUNG PHANG

3.1 Khung mé' 6n dinh phén ddi xing (sway buckling)
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Xét khung mot nhip mét ting [1] nhu trén H. 3. Gid s khung ma't 8n dinh dang phén d&i xing,
chon s& phin ti¥ cho mi cdu kién 12 n = 3 nhu trén H. 4.

P P
T T
L/3
.ﬁ’—
L Er= L3
L/i
<——-—L'————>
Hinh 3. Khung mgt nhip mdt Hinh 4. M6 hinh PTRR theo bién
tAng lién k&t khép tai chan cot dang ciia khung

Ta c6 thé xdc dinh cdc biéu thifc ning lugng cho hé nhu sau.
Thé ning bi&€n dang dan hdi cia hé theo (3):

2.1 1 1 1 1
Yo ZEC(AWY = 2(5(3(‘!’1 = Wz)z +EC(\P2 - W3)2 +§C(\P3 = LP’4)2 +5C(3‘P4)2)
n=1

;_'C(\Pt_‘112)2+C(‘I’2—‘!13)2+C(‘¥3“‘W4)2+C(3\I14)2 (23)
Céng ngoai lirc bi€u dién qua géc xoay y dudc tinh gin ding theo khai trién Taylor :

\ L
L,=2P5= ZPE[(I—cosq;,)+(l—c03\p2)+ (1-cosy, )]

A ¢ TR
ﬂ2P?[5w2+5w§+5w§)=l’ﬂ(\v3+w§+w§) (24)

véi 8 1a chuyén vi theo phudng truc cla cot.
Trong trudng hop khung nhidu nhip, ¢ s& phdn ti 12 n trong ciu kién, c6 thé md rdng cdc cong
thitc tinh U va Lp theo (23), (24).

Céng thitc chung xdc dinh thé ndng bién dang dan héi cia cét:

Biéu thitc th€ ning bi€n dang dan hdi (23) cla cot chi gdm 3 phén tf § vi du trén c6 thé md
rong thanh cong thitc chung tinh thé ning bién dang dan hdi U, cho ¢t thit j gdm n phén ti¥ ([8]):

1 L | 2
Uy =B 5 Cqui *23 Colwi —Win) >

S6 phin tif n dugc x4c dinh theo dang bi&n dang cia ddm khung: n=2N né€u bi€n dang clia dim
14 hai nlta bu6c s6ng hinh sin, n=N n&u bi€n dang clia dim 12 mot nita budc séng hinh sin, véi N 12 s8
phin ti¥ trong nifa budc séng hinh sin bi€u di&n dang mit dn dinh ciia dim. N 14y c4c gi4 tri 1€ 16n hon
3I(N=3.579:)
B; 12 hé s& lién k&t clia chan cdt tht j. Trudng hgp cot lién k&t ngdm B, = 1, lién két khép B; = 0.
C,; 12 db cing 10 xo cla cot thi j:
o =
¢j ]
E 12 module dan héi, I; 12 moment quén tinh, /; va chiéu cao cot thif j, Ay 12 chiéu dai mot
phin tk cda cot thi j:

P e ] 27
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Céng thitc xdc dinh thé ndng bién dang dan hédi cia ddm.:

Khi khung chiu tic dung clia ngoai lyc, bién dang clia dim dudc tinh qua géc xoay W, gilta
dim va c6t. Vi vdy, dé thuin tién cho viéc tinh th& ning bi€n dang dan hdi ciia dim khung, trong [8]
dé xudt hé s8 (N), goi 1a hé s6 téng bién dang binh phuong tuong d6i cia dim khung theo ¥2,,,. Hé
s t(N) dudc x4c dinh theo N nhu sau:

N=3, t(N)=2
4(N- 4)

N>3, t(N)=———=, (N=3,579...)
(N-3)?

(28)
Gi4 tri clia t(N) phu thudc vao N dugc biéu dién trén H. 5 va Bang 1.
C6 thé biéu di&n th& ning bi€n dang dan héi Uy cho dim tht i gdm n phdn tf trén co s md
rong biéu thifc thé ning bi€n dang dan hdi cia dAm 3 phén t& theo (23) nhu sau:

] n
Uy =t CaWa (29)
v8i Cy; 14 d6 citng 16 xo dim thit i: €= S (30)
L il - Be

v6i Iy; 12 moment quédn tinh clia dAm thit i, I;; 12 chiéu dai clia dAm thi i, Ag 12 chiéu dai cla mot
phin ti¥ dim thif i

Ay = = (3D

e . -1/4- .

A ~ 3 - 7 4/4
“7% o \* 1/2 :

/1 N A

N=>5t=4x(1/4) = N=71t=2x(1/4)+4x(1/16) =

Hinh 5. Bi€u di&n bi&n dang ciia dim khung va hé s& t(N) cho cdc gi4 tri N=5, N=7

=
,-"-r;s
i
\
B
\\

N 3 5 17 9 11 13 15 17 19 21 23 25 27 29
t(N)| 2 1 { 0.75]0.556]| 0.438] 0.36| 0.306] 0.265] 0.234| 0.21| 0.19] 0.174| 0.16] 0.18
Bang 1. Bing gi4 tri hé s t(N)

Céng thic tinh cong ngoui luc:

Ta md rong cdng thifc cong ngoai luc (24) cho khung & dang tdng quét theo [8] nhy sau:

ng N £.af o 1 ng 1 n

c 21 _ 2
L=yl ZZPJ'?(ZE““] —ZEPjch[Zq;iJ (32)

j=1 j=1 i=1 j=l =1
v@i P; 12 tdi trong tai nit truc ct thit j.
Thé cédc biéu thic thé ning bién dang clia cot va dim (25), (29) va cong ngoai lwc (32) vao (12).
T d6 xdc dinh hé s6 tdi trong téi han theo cdc cdng thifc (18) -(22).
Dé6i véi khung nhiéu tdng, ta c6 thé d& dang suy dudc cdc bi€u thic ning lugng cho U, L, trén

cd s cdc cong thite (25), (29) va (32), ([8]).

3.2 Th& niing bi€n dang va th& tdi trong ciia khung mét tAng theo dang m4t 6n dinh déi xing
(symmetric buckling): }
Vé6i dang mdt 8n dinh nay, bi€n dang trong dim khung s& 1a dang mdt nita budc séng hinh sin,
do d6 n=N. Tir d6 theo [8], biéu thifc thé ning bi&€n dang dan hdi trong c6t cia khung mdt ting dudc
suy rong t trudng hdp khung vdi s& it phan t trong [1]:
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1 n.3 2
U, =B; 5 Cy¥i +§5 Ceilwi Wi )

v6i bidu thifc 18y ddu “+” khi i < n/2, 18y ddu “-” khi i > n/2

Thé& ning bi&n dang dan hdi trong dim ciia khung 1a:
1
U; = Et(N)CdiWiH

Céng ngoai luc xdc dinh tudng tu theo (32).

Chi ¢ géc xoay ¥, c6 thé dugc biéu dién qua cdc gbc xoay cdn lai:

n
Y = ZAi‘Vi
i=2

vGihé s6 A; =-1néui< (N+2)/2; A;=1 néui> (N+2)/2.

Thé (35) 14n lugt vao (32)-(34), ta xéc dinh duge U, L. T dé, thay cic biéu

(33)

(34)

(35)

thitc U, L, vao (12),

ta x4c dinh h& s8 tdi trong tdi han theo cdc cong thitc (18)-(22). Do gbc xoay ¥, dudc bi€u dién qua
cdc géc xoay con lai nén kich thudc cdc ma trin Dy, Dy s€ 1a (nxn).

4. vi DU MINH HOA
Dya trén phuong phip PTRR, chudng
tinh DEAFRAME gém DEASWAY va
DEASYM dugc xay dung (bing MATLAB 6.0)
d& tinh khung mit 8n dinh d6i xitng va phén
d6i xing. K&t qud dudc so sdnh vGi phudng
phdp gidi tich va PTHH (ANSYS 5.4).
4.1. Khung 1 nhip 1 tdng mét 6n dinh phin
d6i xdng
P& thdy rd hon sy don gidn va do chinh
xdc cla phuong phdp PTRR, ta tinh &n dinh
khung 1 nhip 1 ting & &3.1 v6i s6 phin tif n=6.
Tir mé hinh bi€n dang ciia khung & H.6,
ta x4c dinh U, va Uy theo (25), (29) vdi n=6,
N=3.
2 6 l 5
Uc =Z( Eccj(\vi_wiﬂ) }
j=1 \i=l

n 2

M._.

1
U,= ) —
3 2
Céng ngoai lyc dudc x4c dinh theo (35)

2 l 6
Lp w ZEPJAEJ(ZW?)
j=1

i=1

i=1

tir (36) -(38), xdc dinh cdc ma trn Dy, Dy qua (20), g21):
i 00

(1 -1 0 0 0 0 0 1
1 2 -1 0 0 0 0
ST S, K8
B, =20 1 2 -1 0 0] D =2PA,
S % .~1 0
Déi xitng -1 2 -1
| =1 .4 ] i

Thé& Dy, Dy trong (39) vao (19) xdc dinh dudc Dy:

1

0
1

1
t(N)f\]‘Cdi\l’? "5-2-2(4“!’% =2C\I’§

- O O
- O o ©

Dai xidng

o o © o ©

o

o o o o ©o O

Hinh 6. Md hinh PTRR theo bién dang ciia khung

(36)

(37

(38)

(39
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l-a -1 0 0 0 0 0
-1 2-a -1 0 0 0 0
-1 2-a -1 0 0 0 (40)
D, = -1 2-8 =1 0 0|=0
=], 2=a =l 0
Pa&i 1 2-a -1
L —l 3 —
véia = a/n”. Gidi dinh thic [Dy| =0 ta duge  apg = 0.0503, hay aupgy = 1.81.
Suy ra gid tri tdi trong t6i han:
C El EI
Pcr =3K:00503E2/?‘—'1.81F (41)
12 khd chinh xdc so v6i lyc t6i han tinh theo phuwong phép gidi tich ([1]) P, = 1.82—321.
4.2 Khung mit dn dinh d6i xiing
lP P P ¢>|<s.
AEL/3 2E1 3ET 3EI
2
LBl ) ——
T YA
i
AR G
1./2
I s
|‘ L -t‘ s LAY O . SR R . O .
o o] B b b i

Hinh 7. Khung 7 nhip

Hinh 8. So d6 bi€n dang ciia khung

Theo [4], sit dung phudng phdp gin ding tach khung nhiéu nhip thanh c4c khung ¢6 dang chit T,
khung 7 nhip trén H.7 v6i sd dd bi€n dang trén H.8 dugc tach thanh ba khung chi T. Gii cdc khung
chif T ndy duge céc két qui 12 Pey=32EVL% Pey=24.8EI/L%; Poy=21.74EVL? tuong itng véi bién dang

d6i xitng. K&t qud dugc chon 13 k&t qua nhd nhat Poy=21.74EI/L2,

Trong chuong trinh DEASYM va ANSYS, khung néi trén dudc tinh 8n dinh v6i toan bd bdy
nhip. V@i chuong trinh DEASYM, hé s8 tdi trong t6i han dudc chon khi chénh 1&ch gid tri gifa hai

budc k€ ti€p nhé hon 12 1.5%. K&t qua tinh todn dudc trinh bay trong bing 2 va trén H. 9.

Bdng 2. K&t qud hé s& tdi trong tdi han khung

n |Gidi tich [ANSYS | Sai s6 [PEASYM| Saj 5§

1| 2174 |35.448 [63.05% P s i

3| 2174 |21.464 |-1.27% §35\ —®—Gidi tich

5| 2174 [21.014 |-3.34%| 17.274 }20.54%| | 0| —=— ANSYS

7| 2174 20972 |-3.53% | 19469 [10.45%] | 5 i —A— DEASYM

9 | 21.74 |20.964 |-3.57% | 20.588 |-5.30% %20’%.
11| 2174 [20.961 |-3.58% | 21.277 |-2.13% | | &

13| 2174 [20960 [359%[21743 [001% | | * 1T 3 & 7 6w o .
15| 21.74 |20.959 |-3.59% | 22.078 |1.55%

Hinh 9. Hé s6 o tinh theo c4c phuong phip
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4.3 Khung mé't 6n dinh phdn ddi xitng

V6i bai todn khung 3 nhip 3 ting céc cot c6 dd citng udn 12 EI, cdc dim c6 dd citng udn 12 2.06
EI nhu trén H.10 va H.11, theo [4] si dung phudng phdp gin diing thay thé khung nhi€u nhip nhiéu
tAng c6 nit chuyén vi thing bing khung mdt nhip tudng duong do gido su N. V. Coocndukhdp dé xuit,
sau d6 gidi bing phuong phap chuyén vi.

0.4P 0.8P 0.8P 0.4P

L p - : 2 P

2.06
L EI
X w whws wda
logp- by ol o
Hinh 10. Khung 3 nhip 3 tdng Hinh 11. Sd d6 bi€n dang cla khung

K&t qui bai todn khung ba nhip ba ting gidi theo phuong phip PTRR sif dung chuong trinh
DEASYM cho két qué P.=2.27 EI/L?. Heé s6 tdi trong tdi han s€ dugc chon khi chénh 1€ch gid tri gilta
hai budc k& ti€p nhd hon 7%. K&t qua tinh theo cdc phuong phdp khdc nhau dudc trinh bay & bdng 3 va

H. 12. i
q 6 3
n |Giai tich |[ANSYS | Sai s8 [PEASYM | Sajs6 || &5 —®—Gidi tich
2 ~—&— ANSYS
1] 227 2.252 |-0.80% |- 204 ®
&3 —a—DEASYM | |
6| 227 2.229 [-1.79%| 1.840 |-18.94% o | . . |
10 227 2.229 |-1.79%| 2.164 | -4.65% || g g il
14| 227 | 2229 [-1.79%| 2326 | 2.48% £ o n
18| 2.27 | 2229 |-1.79%| 2.420 | 6.59% 0 5 10 15 20
Bing 3. K&t qud hé s ti irong t6i han khung Hinh 12. Hé s6 s8 a tinh theo cdc phudng phdp

Nhu vy, két qud tinh todn ciia 2 vi du trén cho phép ki€m ching tinh hdp 1y clia cdc gia thiét
dva trén viéc tich khung thianh cic khung chit T va viéc dua khung nhi€u nhip nhiéu ting vé khung
mdt nhip twdng dudng.

5. KET LUAN

Trong bai bdo da gidi thiéu chuong trinh DEAFRAME dua trén cd sd ciia phuong phdp PTRR -
mot phuong phap tinh todn 8n dinh khung phdng dan héi don gidn va higu qua.

Trén cd s& md hinh PTRR gdm nhitng phdn tif 12 c4dc doan thing ndi v6i nhau bdi c4c khdp 10 xo
xoay, bi€n dang clia hé k&t cdu c6 thé bi€u dién biing cdc quan hé hinh hoc sd cAp din dé&n hé cic
phuong trinh dai s6 tuyé&n tinh cé thé gidi mot cdch dé dang. Hé s& tdng bi€n dang t(N) dugc dé xuit
d€ x4c dinh ning lugng bi€n dang trong dim khung,

K&t qui thu dugc khd chinh xdc so véi két qué tinh theo phuong phdp gidi tich va phuong phép
PTHH. Pic biét, phuong phdp PTRR t6 ra hiéu qud khi tinh todn khung mit 8n dinh dang phin d6i
xitng.
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Do tinh chit don gidn, phuong phdp PTRR sé& c6 wu th€ 16n khi khdo sdt &ng xi cia k&t cdu sau
khi mét 6n dinh va trong trudng hop vat lidu 1a dan hdi- déo. Ngoai ra, phudng phdp PTRR cin dugc
ti€p tuc nghién cifu d€ (ng dung tinh todn &n dinh cho cdc két cau phifc tap hon nhu khung khong gian,
tim, vo4...

LOI CAM ON
Bai bio nay dudc hoan thanh véi su hd trg cia Hdi ddng Khoa hoc Ty nhién.

STABILITY ANALYSIS OF PLANE FRAME STRUCTURES
USING DISCRETE ELEMENT METHOD

Nguyen Thi Hien Luong, Nguyen Thanh Su
University of Technology — VNU-HCM

ABSTRACT: Nowadays, when high-strength materials are used in engineering design to create
structures with slender shapes, the great important problem is to ensure their stability. There are many
methods for evaluation of elastic critical buckling load for plane frames such as the load control
method, the displacement control method, the finite element method,... In this paper, the authors
propose another energy-based method called Discrete Element Method to analyze the stability of plane
elastic frames. Using this method, the program DEAFRAME developed in Matlab is also presented to
investigate a number of simple illustrative examples. Numerical results obtained are compared to those
of the other methods, and indicate that this method is effective and simple to use.
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