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Cac phuong phap giai bai toan phan tich phi tuyén

on dinh hé thanh

Methods for solving nonlinear buckling analysis of frame system

Tom tat

Bai bao trinh bay cac phuong

phap lap gidi bai phan tich phi tuyén én
dinh hé két cau thanh. Bai toan phéan
tich phi tuyén én dinh dugc xay dung
trén tiéu chuan on dinh ciia Drucker-Hill
dé& xac dinh dudng can béng va cac diém
tdi han. Két qua phan tich cho thay viéc
Iva chon phuang phép day cung sit dung
ham diéu khién ca tai trong va chuyén vi
phu hgp xac dinh duéng can bang va cac
diém t6i han trong bai toan phén tich
phi tuyén két ciu.

Tir khéa: Phan tich phi tuyén én dinh, Phuong
phdp Idip, Bién diéu khién

Abstract

The paper is concerned with the iterative
methods for solving the nonlinear buckling
problem of the frame system. The stability
nonlinear analysis problem is built on the
Drucker-Hill stability criterion to determine
the equilibrium curve and the critical points
The analysis results show that the selection of
the chord method using the control functions
for both the load and the appropriate
displacement to determine the equilibrium
line and the critical points in the structural
nonlinear analysis problem.
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1. Dat van dé

Phan tich 6n dinh Ia mét phan khéng thé thiéu trong trinh tw tinh toan thiét ké két
cAu cong trinh. Hién twong méat 6n dinh 14 nguyé&n nhan gay ra mét trong hai loai pha
hoai co ban (pha hoai vat liéu va pha hoai v& hinh dang) clia két ciu. Hién twong mét
4n dinh va céc ly thuyét phan tich &n dinh cla két cu da dwoc cac nha nghién ctru
quan tam tir vai thé ky truéc, trong giai doan dau tién trong lich stv phat trién cuaa ly
thuyét phan tich két ciu [3,4]. V&i sy phat trién clia cong nghé xay dwng, cac cong
trinh xay dwng hién dai c6 kich thuéc I6n hon, tiét dién ctia phan tir cling giam di do
st dung céc loai vat liéu cé cwéng dd cao va siéu cao dat ra nhidu van dé trong phan
tich &n dinh. T Iy thuyét tinh n dinh dan hdi cta thanh chiu nén Euler c6 chuyén
vi nhd dén nay, cac nghién ctru vé én dinh da phat trién sang cac bai toan phan tich
phi tuyén, 6n dinh déng, phan tich 6n dinh va sau n dinh. Hién nay viéc nghién ctru
céac bai toan phan tich phi tuyén rng xt& n dinh va sau n dinh |4 mét van dé dwoc
nhiéu nha khoa hoc trén thé gi6i quan tam. Dé giai cac bai toan phan tich phi tuyén
can st dung phwong phap I&p va lwa chon ham diéu khién ddm béo c6 thé xac dinh
chinh xac dwdng can bang va cac diém t&i han. Trong bai bao dudi day tac gia sé
trinh bay cac phwong phap giai bai toan phan tich phi tuyén én dinh theo tiéu chuan
6n dinh Drucker-Hill. Trén co' s& phan tich cac phwong phap, trong bai bao sé dua
ra cac khuyén céo lwa chon phwong phap phu hop xac dinh dwérng can béng va cac
diém t&i han trong phan tich phi tuyén &n dinh hé thanh.

2. Tiéu chuén n dinh Drucker — Hill trong bai toan phan tich phi tuyén 6n dinh

Tiéu chi &n dinh ctia Drucker hay con goi Ia tiéu chudn én dinh ctia Hill [3,4] dwoc
st dung rdng rai trong bai todn phan tich phi tuyén én dinh cta két cu cla nhiéu
nghién ctu trén thé gi¢i va dwoc phat biéu nhu sau: “Twong (rng véi tai trong tac
dung, néu hé & trang thai can bang dn dinh thi d6 clrng ctia hé dwong, néu hé & trang
thai can bang khong 6n dinh thi d6 clrng am, néu hé & trang thai can bang phiém dinh
thi d6 clrng bang khéng”

Nhw vay, theo tiéu chuan &n dinh Drucker -Hill:

dp . a2

a >0:he o trang thai can bang 6n dinh.

dp vz 2

a <0:heo trang thai can bang 6n dinh khéng 6n dinh.
dp . ‘

a =0 hé & trang thai can bang phiém dinh.

Puodng can béng va cac diém téi han cta hé phi tuyén theo tiéu chudn Drucker-
Hill thé hién & Hinh 1.

C6 thé thay doc theo duwdng can bing OABCDE c6 thé phan ra thanh: trang thai
can béng &n dinh - OA va DE; trang thai can béng khéng &n dinh - AB, BC va CD. Cac
diém t&i han tai trong: A, D. Cac diém t&i han chuyén vi la cac diém: B, C.

3. Hé phworng trinh giai bai toan phan tich phi tuyén 6n dinh
Xét hé N phwong trinh phi tuyén véi u va q 1a cac bién chuyén vi va tai trong [1,2]:

- > - -
q(u)=0; u=(ug,up....,uN) q=(41,92.--4N) ™)
Khai trién chudi Taylor cho hé phuong trinh trén:
2
- - - N 5. —
qi(u+d u)=qj(u)+ X %.Suj+0(8 u ) (2)
=194
Ma tran cac dao ham riéng (ma tran Jacobi), ma tran do cirng tiép tuyén:
Kij=% (1,j=1,2,..,N)
! 3)
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Suy ra: q(u+du)=q(u)+K.5 u+O@B u )

. o , . —)2 R - - -
Bo qua v6 cung bé bdccao 0 u ) vacho q (u+8u)=0
ta co:

- o o> - BN N - - -

godu+u(x)=0 =8u=—K .q(u) =upew=uopld+du
Hay nghiém gan dung & 1an I1&p thi j 1a:

-> > -
ujzuj_1+8uj 4)

Biéu thirc chuyén vi va tai trong ngoai & buéc gia tai thir
i dwoc viét dwdi dang truy héi theo két qua & buwéc i-1 nhw
sau:

ul=ud~Teadd
] ]

®)
p}:pi*%pﬁ ©)
Au} :Au}_1 +8u} Ko
Ap} :Ap}7 . +6p} ®)

Phuwong trinh sé gia & buwéc I&p thiy j c6 dang

Kj-1-8u;=pi-a(u_)) ©)

Goi A la théng sb tai trong dwoc chi dinh ban d3u. Tai
trong p dwoc viét qua théng sb tai p=A.p , sb gia tai trong
& buwéc lap thir j qua thong sé tai xac dinh nhw sau

spi=anl p
J J (1 0)
T (9) va (10) nhan dwoc phuong trinh can bang sb gia
Kj,1.8u3=rj_l+5?»3.13 (1)
Phwong trinh (11) ¢ N+1 &n s6 gdm N &n sé gia chuyé&n

vi 8u, va 14n la sb gia thong sb tai trong 51

4. Cac phwong phap lap giai hé phwong trinh can bang
phi tuyén xac dinh dwéng can bang va tai trong t&i han

4.1. Phuong phép ldp Newton-Raphson ¢é dién va y tuéng
vé duong bé tro

Trinh tw gidi bai toan phan tich phi tuyén bang phwong
phap 13p Newton-Raphson cb di&n [5] thé hién trén hinh 2.
Noi dung clia phwong phap lap la tim diém B c6 hoanh do
l& nghiém clia phwong trinh g(u)=0 néu biét diém A", q')
trén dwdng q(u) dén budc 1&p c6 sai sb ndm trong gi¢i han
theo yéu cau. Diéu kién d& qua trinh 1&p hoi tu 13 det(K) # 0
. Pay la nhuoc diém ctia phwong phap khi tim diém téi han
(Load limit point) vi diém nay ¢ tiép tuyén ngang.

Pé xt ly nhwoc diém nay da xuat hién y twéng dua ra
duwdng bd tr d& tim cac diém can bang do Risk [5] d& xuét.
Trinh tw gidi bai toan 13p Newton-Risk v&i viéc s dung
duwong bd tro thé hién trén hinh 3.

Phwong trinh bd tro clia Risk ¢é dang tdng quat nhw sau

al sul bl sal=cl

] ) )] (12)

al, b, ¢! lacac hé s6 dwoc chon tuy theo cach giai bai

toan, phu thudc vao bién didu khién dwoc lwa chon (tai trong,
chuyén vi hay ca hai)

Phwong trinh can bang sb gia st dung dwéng bd tro
duoc viét dwdi dang sau

- i i
Kj—l -p 8uj B rj—l
Al T oi [ [ard] | e (13)
j j J J

4.2. Phuong phép diéu khién téi trong str dung duong bé
tro

Phwong phap diéu khién tai trong c6 st dung dudng
bd tro 1a phwong phap 1&p Newton-Raphson cai tién. Theo
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Hinh 3. Phuong phap lap Newton-Risk

phwong phéap diéu khién tai
trong thi tai trong ngoai dwoc
chi dinh tai 14n 18p dau tién
(j=1) trong buwdc gia tai th i
va gitr khéng dbi trong nhirng
I&n 18p tiép theo (j>1) cho dén
khi héi tu & bwdc gia tai i nay,
nhw minh hoa trong hinh 4.
S6 gia thong sé tai trong va

cac hé sb:
i _ AL for j=1
A, = °f{
0 for j>2
ai=0; bi=1
sz AL for j=1
0 for j>2

Phwong trinh can bang sb
gia voi diéu khién tai trong cé dang

K, Su} =Ak.p for j=1

i i
K, du; =1, for

Phuwong phép diéu khién tai trong dwoc ap dung rong réi
va hiéu qua trong cac bai toan phi tuyén tiép xic nhung lai
gap kho khan trong bai toan tim tai trong gi¢i han. Phwong
phap nay sé khéng hdi tu khi dinh thirc cla ma tran tiép
tuyén cé gia tri r4t nhé hodc khi s gia tai trong lam cho
dwong bd tro vwot ngoai dwdng can bang (hinh 5).

4.3. Phuong phép diéu khién chuyén vi stv dung duong b6
tro

(13)
j=2

Hinh 4. Phuong phap diéu khién tai trong

Hinh 5. Trudng hop phuong phap diéu khién tai trong khéng hdi tu

Phwong phap diéu khi&én chuyén vi st dung mét thanh
phan chuyén vi nhu 1a mét thong sé diéu khién dé tim cac
diém trén dwéong can béng. Trong véc to chuyén vi u téng
quat, thanh phan chuyén vi dwoc chon dé didu khién nhw
sau

6u;“ _JAu for j=1 (14)
0 for j>2

Vé&i Au  la gia tri sb gia chuyén vi ban dau.

Phwong trinh sé gia chuyén vi cé dang nhu sau

sul =saloul  saul

1 - . r.
Jetrl J Pj,cul jyctrl (15)
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dul | —du
J.etr 5, ctrl

Hay sai= -
J Sul ‘
Pj,ctrl

Trong I&n 13p dau tién (j=1)
cla buwéc gia tdng chuyén vi
the i, bidu thirc s6 gia tai trong
dwoc viét nhw sau

% for  j=1

5?»1 tu,ctrl

I —gul
% for  j>2 (16)
Pj,ctrl

S6 gia thong sb tai va cac hé sb a, b, ¢ xac dinh nhuw sau

iAu for j=1

u
. Pj,ctrl 17
= (17)
1 78u1r_ |

%Ctr for j22

Su

Pj,ctrl

al ={0,0,...1,...,0}

control displacement

b, =0

sz Au
0

Phwong phap digu khién chuyén vi cé thé kh&c phuc trong
viéc tim gi&i han tai trong (Load Limit Point) tuy nhién lai gap
khé khan trong viéc tim gi¢i han chuyén vi (Displacement
Limit Point) nhw hinh 7.

4.3. Phuong phép diéu khién déng thoi tai trong va chuyén
vi str dung duong bé tro

Dé& khéc phuc kho khin cla hai phwong phap diéu khién
tai trong va diéu khién chuyén vi khi tim diém gi&i han tai va
gi&i han chuyén vi, cac nghién ciru ctia nhidu tac gia trén thé
gi&i d& xuat phwong phap chidu dai day cung dung phwong
trinh bé tro dwdi dang diéu khién déng thdi ca tai trong va
chuyén vj [6]. Cac phuong trinh bd trg c6 dang mat cau, mét
elip hay mét phéng.

Phwong trinh dwdng (mat) bd tro dwoc viét duwéi dang

fau}{au ) +n () = (as))

for j=1
for j>2

(18)

Ta Laad
qp A Proiep b o

i3 LU

 J

Trong d6 1 la tham sb luén dwong phu thudc vao dang
méat bb tro.
Sé gia thong sb tai va cac hé sb a, b, ¢ xac dinh nhw sau

iL for j=1
. Joul Bul +m 19
S\ = PO (19)
Su,.du,
- for j=2
du, .6upj +M.0M,
a; = Sui = Ski.SuLl; b; = n.SM
o = J(Bs) for j=1
"o for j>2
5. Két luan

Bai toan phan tich phi tuyén n dinh két c&u lién quan dén
viéc xac dinh diém gi¢i han ca tai trong va chuyén vj trong
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Hinh 8. Phuong phap diéu khién chiéu dai diay cung

giai doan 6n dinh va méat &n dinh. Phwong phap Newton-
Raphson phu hop véi viéc giai cac bai toan phi tuyén phan
tich tinh két cAu nhung khdng phu hop véi bai toan phan
tich phi tuyén trong giai doan &n dinh va mét &n dinh cta hé
két cAu. Sy ra doi cla ly thuyét s dung ham bd tro' 1a mot
bwéc tién trong nghién ctru phwong phép tinh phi tuyén 6n
dinh. Viéc lwa chon phwong phap diéu khién phu thudc vao
muc tiéu phan tich ctia bai toan. Phwong phap chiéu dai day
cung véi bién didu khién ddng thdi ca tai trong va chuyén vj
l& phwong phap cho phép xac dinh diém gi6i han tai trong va
chuyén vi trong phan tich phi tuyén giai doan 6n dinh va sau
on dinh cla két ciu./.
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Cac phuong phap giai bai toan phan tich phi tuyén...

Hinh 1. Vi du tinh toan 1

Hé sb yp1 dwoc nhan véi hé sb (1 - N,/ Py), trong dé N,
14 lwc kéo trén mdi bu léng, P, 1a lwc cdng cla bu léng lay
béng Pb = fhb Abn-

1-N;/ Py =1-60000/(770%245) = 0,68

Thay vao cong thtrc cé kha nang chiu tregt ctia mét bu
I6ng:

[N, = fup A |~ |y :770x245><(0,8><0,68)><0’35
Vb2 1,17

=30700N =30, 7kN
N, = 10 kN < [N], = 30,7 kN.

S Apn > L
N = Lot n>
[ ]b Vb2 (6) [N]b ne¥e?e

x1

)

(tiép theo trang 39)

N Sip Apn
nZ——)Nﬁn[N]bnf7b17C:n bbb neVu1Ye
[N]bnf7b17c Vb2
A
N<nlitmtl, 4 TTOX245X035 4, (0 80, 68)1
s 1,17

=122800N =122,8kN

Ma N =40 kN < 122,8 kN théda man. Vay bu I16ng dam bao
kha nang chiju lwc.
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