NGHIEN CUU KHDA HOC

ENgay nhan bai: 25/4/2023 BMNgay stia bai: 19/5/2023 BNgay chap nhéan dang: 16/6/2023

Nghién cuu 6n dinh dan héi caa thanh cé xét
dén dé cung thuc té cua cac lien két bang
phuong phap chuyén vi cuéng buc

Study on elastic stability of bars considering actual stiffness of conections by forced

displament method

> PGS.TS DOAN VAN DUAN

Khoa Cong trinh, Trudng Pai hoc Hang hai Viét Nam; Email: duandv.ct@vimaru.edu.vn

TGM TAT

Thang thuang khi tinh toan 6n dinh cia thanh, ngudi ta gid thist
lien ket tai hai ddu thanh, céc nit giao giira cac thanh |3 tuyét ddi
cirng hodc |3 khap 1y tudng. Thu t8 cac lign ket ca df cing ndm
trong khodng giita hai trang thai nai trén. a cimg thue té coa lien
ket ca anh hudng nhiéu dén do bén. da cimg ciing nhu dn dinh cia
thanh. Vi vay, trong bai bao nay tac gia dé xudt cach ap dung
phuong phap chuyén vi cuiing bic dé xac dinh cac lyc tai han
Euler déii véi cac thanh théng chiu udn doc co xét dén da cing
thue t& cia céc lien ket

Tir khaa: Lic tai han Euler; dd cing thue t@ cia cac lign ket; dn

dinh thanh ...

ABSTRACT

Usually when calculating bar stability, it is assumed that the
connections at the ends of the bars, the intersections between
the bars are absolutely rigid or ideal pinned. In fact, the stiffness
of the connections varies between the two states mentioned
above. The actual stiffness of the connections has a great
influence on the strength, stiffness and stability of the bars.
Therefore, in this paper, the author proposes how to apply the
forced displacement method to determine the Euler critical forces
for straight bars subjected to longitudinal bending, considering to
the actual stiffness of the connections.

Keywords: Fuler critical force; actual stiffness of the
connections; bar stability ...

1.DAT VAN PE

Két c&u thanh dugc st dung phé bién trong cac cong trinh xay
dung dan dung va cong nghiép, cling nhu céc cong trinh giao
thong, thay lgi... Khi thanh c6 chiéu dai l6n, tiét dién nho, 6 manh
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cla thanh la dang ké, do d6 bai toan 6n dinh dan héi cta thanh
can phai dugc quan tdm nghién clu ca vé mat ly thuyét va thuc
nghiém.

Phuong phap chuyén vi cudng buc [2, 4] cho phép ta nhan
dugc ngay cac tan s6 dao dong cla thanh. N6 khac véi cac phuong
phép truyén théng, chdng han né khac véi phuong phap Rayleigh
[6] chi cho ta tan s6 dao déng ca ban hoac khéc véi phuang phap
thuong dung hién nay la dua dinh thic cta phuong trinh dao
déng vé dang dudng chéo dé lay tich cia s6é hang dé cho ta
phuong trinh da thuc xac dinh céc tri riéng. Phuong phap nay
thudng dung céc thuat toan nhu bién déi Choleski, bi€n ddi Jacobi
hodc céc bién ddi rat phuic tap khéc [8]. Phuong trinh vi phan cda
bai toan 6n dinh clng la phuong trinh vi phan thudn nhat nghia la
khong cé vé phai.

Théng thudng khi tinh toan én dinh cda thanh, ngudi ta gia
thiét lién két tai hai dau thanh, cac nat giao gilia cac thanh la tuyét
déi cting hodc la khdp ly tudng. Thuc té cac lién két co do cing
bién thién trong khoang gitra hai trang thai ndi trén. D6 cling thuc
té cha lién két c6 anh hudng nhiéu dén do bén, d6 ciing cling nhu
8n dinh cla thanh. Vi vay, trong bai bao nay tac giad dé xuit cach
ap dung phuong phap chuyén vi cudng bic d€ xac dinh cac luc téi
han Euler d&i v6i cac thanh thang chiu uén doc c6 xét dén dé cing
thuc té clia cac lién két.

2. MO HINH PHAN TU THANH CO XET DEN PO CUNG THUC
TE COA CAC LIEN KET

Hinh 1. M hinh phan t{ thanh c6 xét dd cling thuc té cla cac lién két

Gia thiét rang: Phan tl 16 xo lién két ¢ chiéu dai bang khéng
va ¢6 do ciing chéng xoay k; Tai trong dat tai cac nut khung; B
qua anh hudng cua lyc doc va luc cit dén bién dang cua lién két
clng nhu cuta thanh truéc trang thai t6i han; Khdng bo qua anh
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hudng cuta luc doc dén bién dang uédn clta thanh khi hé mat 6n
dinh.

Xét dam AB (hinh 1) lién két véi cot bdi cac 10 xo xoay, chiéu
dai bang khéng va dé cing chéng xoay lan lugt tai dau A va B la
kA, kB; ©A, @B la g6c xoay tuyét déi clia dau cot; WA, yB la gdc xoay
tuyét doi cia dau dam; or,A, 0r,B la goc xoay tuong déi gilra dau
dam va dau cot; MA, MB m6 men dau dam tai cac nat A va B, ta c6
quan hé:

OA=0—V,=Y Acot Y Adim =—M,

0.5 =0 Vg = Y'Beot ~ Y B.dim :_F-MB
B (M

Day chinh la diéu kién rang budc tai hai dau thanh.

3. BAITOAN OGN PINH CUA THANH THANG CHIU UGN DOC

Hinh 2. Phén t6 dam
Xét thanh thdng chiu tai trong nén doc truc P, d6 ciing udn clia
dam EJ=const va co lién két bat ky. Tach khéi hé mét phan t6 cé
chiéu dai dx, khi phan t6 chju nén cé bién dang uén nhu hinh 2.
Tai dau (a) c6 ndi luc M gay ra bién dang uén
a2y
=-EJ 5 2
dx?
Gia st tai dau (b) c6 chuyén vi A,
Tai dau (a) co ngoai luc Mp=PA gay ra goc xoay

dy
== (3)
¢ dx
X » dy .
vionhdnén 1gg=¢ > A :¢dx:d—dx ,ta co:
X

Mp=PA=PY gy
dx

Theo phuong phap nguyén ly cuc tri Gauss, lugng cuéng buic
cUa bai toan dugc viét nhu sau:

Z—‘(i;M }lx J dy dy x—)mln (4)

TU diéu klen cuc tri clia dam ta cé:

57 =-5 IM '[ dzy dx - min (5)
dx
2 2
Hay: —d—z[M—P]:0<:>—d M +Pd— 0
dx dx? dx?
dzy
thay y = _EJF vao phuang trinh trén, ta cé:
X
4 2
%Y 2+ paY 7 =0 (©)
dx dx

Phuong trinh (6) chinh la phuong trinh én dinh cta thanh
thdng chiu uén doc. Nhu vay, tir phuong phép nguyén ly cuc tri
Gauss ta cling nhan dugc cac phuong trinh 8n dinh cta thanh chiu

udn doc, tuong tu nhu cac nguyén ly khac. Phuong trinh (6) la
phuong trinh vi phan can bang clia thanh chiu uén doc béi luc P
dat tai dau thanh. D6 la phuong trinh vi phan tuyén tinh thuan
nhat (khéng c6 vé phai) ma phuang phap truyén théng dé giai
ching cung véi cac diéu kién bién da dugc trinh bay trong [3].
Duéi day trinh bay phuong phéap chuyén vi cuéng buc dé giai
phuong trinh (6).

4. PHUONG PHAP CHUYEN \] CUGNG BUC
T

!P Y% lem
—
-~ VB

N Y

Hinh 3. Thanh dau ngam - dau ty do

Phuang phép chuyén vi cudng bic nham dua phuong trinh (5)
la phuong trinh can bang gilra ndi luc va ngoai luc vé phuong trinh
c6 vé& phai bing cach cho mét diém nao dé trong thanh, vi du
diém x = x1, mot chuyén vi y0, hinh 3:

&=VYx=x1— Y0 =0 @

Dua bai toan tim cuc tri cha (3) vai diéu kién rang budc (6) vé
bai toan cuc tri khéng rang budc bang cach xay dung phiém ham
md réng Lagrange F nhu sau:

F=7Z+1g—> min (8)

Hay: F=Z +Ag — min

e[l s

trong dé: A - thira s6 Lagrange va ciing la 4n cla bai toan. Tu
diéu kién
l
5F:J-(M—Mp)§[;(]dx+5(/lg)=0 (10)
0
nhan dugc phuong trinh sau:

dty _d? -
BI S P = [ an

x+ﬂ,(yY - yo)—>min (9)

cung véi phuong trinh (7). Phuong trinh (11) 1a phuong trinh
€6 vé€ phai. D€ né trd thanh phuong trinh uén doc (6) ctia thanh thi

MP)=0 (12)

Vé mat toan hoc, phuong trinh (11) 1a phuong trinh da thic
xac dinh cac tri riéng cGia hé (6) badi vi nghiém clia né cing la
nghiém cua (6). V& ca hoc, A c6 thi nguyén 1a luc. D6 1a luc git dé
cho thanh c6 chuyén vi y0 tai diém x = x1. Luc git phai bing
khéng, suy ra phuong trinh (12). Tri riéng cltia (6) phu thudc vao
thong sé P, suy ra A cling la ham ctia P. Cho nén giai phuang trinh
(12) theo P, sé nhan dugc cac luc tGi han cta thanh bi uén doc.

5. XAC DINH LUC TGl HAN CUA THANH CHIU NEN CO XET
PEN PO CUNG THU'C TE CUA CAC LIEN KET
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Vidu 1. Thanh ddu ngam dau tu do
Cho thanh théng chiéu dai |, @& cliing uén EJ=Const, chiu nén
béi luc nén doc truc P dat tai dau thanh, tai dau A thanh c6 lién két
I6 xo xoay dan héi, c6 d6 cliing tuong Uing ban dau kA= (dau
ngam), dau B tu do, nhu hinh 3. Yéu cau, xac dinh luc téi han cho
thanh trong cac trudng hgp do cing 10 xo thay déi.
Trinh tu cdc budc gidi bai toan nhu sau:
Budc 1: Viét biéu thuc dudng dé véng cho thanh
Trong bai nay, xap xi dudng dan hoéi ctia thanh c6 dang da thic
nhu sau:
VI =ax+ a2x2 + a3x3 + a4x4 + a5x5 + a6x6 + a7x7 (a1)
trong d6 cac ai(i=1+7) la cdc hé sé can xac dinh
Goi y la bién dang uén trong thanh, theo (2) ta cé:
2
x= —EJd—;}
dx
Nhu vay trong thanh sé c6 momen uén Mx bang M, = EJ y

Luc P s& gay ramomen uén trong thanh la M » = P(y; — yy)
Budc 2: Viét biéu thuc lugng cuéng biic Z theo (3)

I
2= [(M =M p)  Jbx > min (b1)
0
vGi cac diéu kién rang buéc, s6 diéu kién rang budc tuy thudc
vao tirng bai toan cu thé, trong trudng hgp nay ta co cac diéu kién
rang budc sau:
Chuyén vi tai dau thanh bing y0; Momen uén tai dau thanh
bang khong; Géc xoay tai ngam dugc viét theo (1), day la diéu kién
rang budc ké dén lién két thuc té

g1= il =20 =0
2
P | E (1)
T v
dy d2)’1
g3 _E +r? =0
x=0 x=0

trong d6 r :li_J ; ka la d6 cling xoay clia 16 xo
4

Budc 3: Viét biéu thic phiém ham mé rong F theo (8)

Ta dua bai toan tim cuc tri (b1) c6 ba diéu kién rang buéc &
trén vé bai toan cuc tri khong cé rang budc bang cach dua thira s6
Lagrange vao phiém ham ma rong nhu sau:

3
F:Z+ngﬂk — min
k=1

I
Hay: F = I(M =Mp)| g ldx + g2y + g2 + g343 — min (d1)
0
trong d6 A, la thira s6 Lagrange va cling la &n cla bai toan, d6
13 luc gitt cho hé & trang thai léch. Bai toan c6 10 an s6 la cac hé s6
cla da thurc (a1), cac ai (i=1+7) va cac thira s6 Lagrange A (k=1+3).
Budc 4: Thanh lap hé phuong trinh dai s6 tuyén tinh va giai hé
Nguyén ly cuc tri Gauss xem cac bién dang uén la doc lap vai
momen tac dung cho nén diéu kién cuc tri ctia phiém ham ma
rong F la:

116| XAYDUNG 08.2023 | ISSN 2734-9888

3

!
0 0
B =_[(M =MP)E[Z]dx+7Z(ng):°
0 ' "kl (e1)
P 3
fi=— ) (&) =0; a;=1+7; 3 (k=1+3)
Oy 4=

Nhu vay, tur diéu kién cuc tri ctia phiém ham mé& rong F ta sé
nhan dugc 10 phuang trinh dai s tuyén tinh dé xac dinh cac &n s6.
C6 thé giai bai toan trén bang cach st dung phan mém Symbolic
cla Matlab. Khi gidi phuong trinh xong thay rang cac théng so ai
(i=1+7) va A (k=1+3) déu la ham cla lyc P. & day chi dua ra thifa s6
Lagrange A4, trong trudng hgp r=0, Ung v&i d6 cliing kA= (ngam
ly tudng tai chan cét A), ta cé:

Budic 5: Rit ra phuong trinh ting véi an sé A la luc giit cho hé &
trang thai léch va giai phuong trinh tim duoc cac luc téi han

Trong trudng hgp nay la A1, ta cé:

A1=7/45x(46xP5x110-1035*PA5*r*|A9-22455xEJxP4xI8

+305280xEJxP4rl7+3295080xEJ2xP3xI6+

-27038880xEJ2xP3rl5-169884000xEJ3xP2xI14+

795484800xEJ3P2rI3+2630232000xEJ4xPxI2

-5504241600xEJ4xPrl-5504241600xEJ5)y0=0 (f1)

Ta thdy rdng, A1 la da thiic bac 5 cta P. Giai (f1) ta sé nhan dugc
5 nghiém, gia tri cdc nghiém thay déi tly thudc vao dé6 ciing k cta
16 xo, trong phuang trinh xudt hién r, r va k c6 lién hé theo biéu
thiic (1). Ba lyc téi han dau tién cta thanh nhu sau:

P1th=2.4674011003938600238770639403298xEJ/I2

P2th=22.207051504965310257836974884224xEJ/I2

P3th=61.880511141684923600648591178495xEJ/I12

Ba luc t6i han dau tién hoan toan chinh xac so vai két qua khi
gidi bang cac phuong phap truyén théng.

Bang 1. Cho dd ciing k ciia loxo thay ddi tir 0 —c ta nhan
dugc cac két qua nhu sau:

Theo phuang phap chuyén vi The? phUdPg
EJ by . phdp truyén
r=—o cuéng buc .
Ik , théng
P] th P2 th P3 th PI th
0 24674 22.2070 61.8805 24674
1.0 7.8355 37.5499 | 82.2689
5.0 9.4743 39.2282 83.8247
10 9.6775 39.4385 84.0239
00 9.8788 39.6482 84.2238 9.8696

Qua két qua dugc lap bang ta thay rang, khi khi r=0 tuang ting
vGi d6 cling xoay clia |0 xo k=, lién két tai chan cot la ngam ly
tudng ta thuong gap, két qua luc téi han theo phuong phap
chuyén vi cudng buc hoan toan tring khép véi két qua nhan duoc
khi gidi bang cac phuong phap truyén théng. Khi r tang dan lén,
tuong Ung véi do cing k giam dan ta thay rang, luc téi han tang
[én mot cac nhanh chéng cho dén khi r=10 thi téc dé tang cham
dan, cho t6i khi r=00 (k=0) lic nay lién két chan cot tra thanh khép
ly tudng, luc téi han trong trudng hgp nay chinh la luc téi han cla
thanh hai dau lién két khop ly tuang.

Vi du 2. Thanh hai dau ngam

Cho thanh thdng chiéu dai |, d6 cing uén EJ=Const, chiu nén
bai luc nén doc truc P dat tai dau thanh, hai dau thanh ¢ lién két
16 x0 xoay dan héi c6 dé ciing tuang ting ban dau kA=, kB=o0 (hai
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dau ngam), nhu hinh 3a. Yéu cau, xac dinh luc téi han cho thanh
trong cac trudng hgp dé cing 16 xo thay ddi, ti d6 tim ra luc téi
han cho cac thanh c6 hai dau lién két ly tudng thudng gap trong
tinh toan, gébm thanh hai dau ngam, hai dau khép va dau ngam
dau khop

Trong bai nay ta chia thanh thanh hai doan 1 va 2 nhu hinh 4,
xap xi dudng dan hoi clia 2 doan thanh cé dang da thiic nhu sau:

VI =aqx + a2x2 + a3x3 + a4x4 + a5x5 + aﬁx6 + a7x7
2 3 4 5 6 7 (a2)
Vo =bg + Dy x +byx” +b3x” +byx” + bsx” +bgx” + byx
“t “t

P P
Av“é‘B Av“&“

\
\
@ \
- ¥\
]
//
@| /
/
Xy A — Y e —N— Y
@ ®

Hinh 4. Thanh hai dau ngam

trong d6 cac ai(i=1+7), bi(i=0+7) la cac hé s6 can xac dinh
Goi y la bién dang uén trong thanh, theo (2) ta co:

dy d*y

e T

n=-EJ
: dx?

Nhu vay trong thanh sé c6 momen uén Mx bang

My =Ely; My=Ely,

Luc P sé gay ra momen udn trong thanh la

Mp; =P(y); Mpy=P(y,)

Viét biéu thiic lugng cudng buic Z theo (3)

n 2
Z= J‘(Mx1 ~Mpy )| g Jdx + I(sz ~Mp))|  Jdx — min (b2)
0 n

VvGi cac diéu kién rang budc, s6 diéu kién rang budc tuy thudc
vao tling bai toadn cu thé, trong trudng hop nay ta c6 cac diéu kién
rang budc sau:

Goéc xoay tai ngam dugc viét theo (1), day la diéu kién rang
budc ké dén lién két thuc té, Chuyén vi tai x1=I1 thanh bang y0,
Chuyén vi tai cudi doan 1 bang chuyén vi tai dau doan 2, Goc xoay
tai cudi doan 1 bang gdc xoay tai dau doan 2, Chuyén vi tai cuéi
doan 2 bang khong, Goc xoay tai ngam dau cot duoc viét theo (1),
day la diéu kién rang budc ké dén lién két thuc té.

2
glzﬁ +r1_d ? =0

dx =0 dx 0
g =1,y =30 =0
g3=y1|x:“—y2|x:():0

_dn| _dn| (c2)

e s

X lx=11 X lx=0
&s :y2|x:12 =0

d d?
S R

& liei gy

trong d6 1 = £ ; kA d06 cling xoay cla l6 xo tai A; 1, = £ ; kB
Ik 4 lkg
do cung xoay cla lo xo tai B.

Ta dua bai toan tim cuc tri (b2) c6 sau diéu kién rang budc (c2)
vé bai toan cuc tri khong c6 rang budc bang cach dua thua sé
Lagrange vao phiém ham ma rong nhu sau:

6
F:Z+ng/1k — min
k=1
I 1P
F= I(Mxl ~Mp) )| x Jdx + J.(sz ~Mp) ) x Jdx +
0 n
+81 + 8o/ + 83 + 84y + 8545 + s

trong d6 A, la thura s6 Lagrange va ciing |a &n cGa bai toan, d6
la luc gilr cho hé & trang théi léch. Bai toan c6 21 4n s6 la cac hé s6
clia da thuc (a2), cac ai (i=1+7); bi (i=0+7) va cac thira s6 Lagrange
A (k=1+6).

Nguyén ly cuc tri Gauss xem cac bién dang uén la doc lap vai
momen tac dung cho nén diéu kién cyc tri cia phiém ham mad
rong F la:

I 2

= {0000 e [ (30 ) e

— min (d2)

0 1
P 6
— 2 )=0;
+6ai;(gk k) >
1 5 12 5
k= I (Mg =M pr) 2 Joe + I (Moo= Mps ) v+ (€2)
0 g 1 i
P 6
2)=0
+abi;(gk k) ;
P 6
fi=o - (gids)=0sa;=1+7;b;=0+7; 44 (k =1+6)
k k=1

Nhu vay, tur diéu kién cuc tri clia phiém ham mé réng F ta sé
nhan dugc 21 phuong trinh dai s6 tuyén tinh dé xac dinh cac an sé.
C6 thé giai bai toan trén bang cach st dung phan mém Symbolic
cla Matlab. Khi giai phuang trinh xong thay rang cac théng sé ai
(i=1+7), bi (i=0+7) va A (k=1+6) déu 1a ham cta luc P. & day chi
dua ra thiia s6 Lagrange A,, trong trudng hop r1=0, Ung vai do
ciing kA=, r2=0, Ung v&i d6 cliing kA=, (ngam ly tudng tai A va
B). Trong trudng hgp nay la A2 qua dai nén khong trinh bay & day.

Ta thay rang, A2 la da thiic bac 10 cla P. Gidi A2=0 ta sé& nhan
dugc 10 nghiém, gia tri cac nghiém thay d8i tuy thudc vao dé cing
k cta 1o xo tai hai dau thanh, trong phuong trinh xuat hién r, r va k
c6 lién hé theo biéu thic (1). Ba luc téi han dau tién cda thanh nhu
sau:

P1th=39.478824118495069584111564600163xEJ/I2

P2th=80.825695046688147896021690263184xEJ/I12

P3th=158.37387144315981451128300560260xEJ/I2

Ba luc t6i han dau tién hoan toan chinh xac so véi két qua khi
giai bang cac phuang phép truyén théng. Bay gio ta cho d6 cing k
cla loxo thay d8i tir 0 —oo ta nhan duoc cac két qua nhu'sau:
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Bang 2. Trudng hgp 1, dau A la ngam, dé ciing k= (rA=0)
khéng thay déi, dau B thay déi k giam dan

Chén cot A Pau cotB Theo phuong Theo phuong
phap chuyén vi phap truyén

I _E I _E cudng buc théng

1k 1k

A B P, P,

0 0 39.4788 39.4784

0 1.0 20.2562

0 5.0 20.1931

0 10 20.1912

0 o0 20.1907 20.1907

Khi chan c6t A 1a ngam, d6 ciing kA= (rA=0) khong thay déi,
dau B thay déi kB gidm dan (rB tang dan) ta thdy rang cac luc téi
han nhan dugc tuong ting gidm dan va tiém can vdi két qua cua
thanh dau ngam A, dau khdp B, Khi rB—oo, két qua nhan dugc la
khéng thay d&i (bang 2), diéu dé chiing td ngam ban dau tai B da
tré thanh lién két khdp ly tudng. Két qua nhan duoc tai hang tha
nhdt va hang cudi ciing trong bang 2 hoan toan trung khdp véi cac
két qua clia thanh hai ddu ngam va thanh dau ngam dau khép
nhan dugc theo cac phuong phap truyén thong, ching to dé tin
cay clia phuong phap chuyén vi cuéng blc.

Béng 3. Trudng hop 2, ca hai dau A, B déu thay dai k gidm dan

Chan cot A DPau cot B Theo phuong Theo phuong
phap chuyén vi phap truyén
T _E r, _E cudng buic théng
llea kg Py, Py
0 0 39.4788 39.4784
1.0 1.0 9.9266
5.0 5.0 9.8718
0 o0 9.8696 9.8696

Két qua nhan dugc tir bang 3 cho thay, khi dé cting kA kB cung
giam dan, cac luc téi han nhan dugc tuong (ing gidm dan va tiém
can véi két qua cla thanh hai dau khép ly tudng thudng gap, Khi
rB—oo, két qua nhan dugc gan nhu khéng thay déi (bang 3), diéu
dd ching té khi rA,rB—oo thi ngam ban dau tai A, B da trg thanh
lién két khdp ly tudng. Két qua nhan dugce tai hang thi nhat va
hang cudi cling trong bang 3 hoan toan trung khép véi cac két qua
cla thanh hai dau ngam va thanh hai dau khép nhan dugc theo
cac phuong phap truyén thong, chiing to dé tin cdy cla phuong
phép chuyén vi cuéng blc.

6. KET LUAN VA KIEN NGHI

Tac gia da st dung thanh cdng phuong phap chuyén vi cuéng
buic dé xay dung va giai bai toan 6n dinh dan hoi ctia thanh thang
chiu uén doc, c6 xét dén do cling thuc té clia cac lién két. Diéu nay,
chiing t6 tinh uu viét cla phuong phap chuyén vi cuéng buc déi
véi cac bai todn trj riéng va véc to riéng so vdi cac phuong phap
khéc, khi khéng phai bién d6i ma tran vé ma tran dudng chéo..ma
nhan dugc ngay da thuc dac trung xac dinh luc téi han cta thanh
chi béng cach cho cho mét diém bat ky trén thanh chuyén vi
cudng buic mét doan y0 nao do.

Cac két qua nhan dugc khi khéng xét dén dé ciing thuc té cta
cac lién két, hoan toan trung khdp véi cac két qua nhan dugc bang
cac phuong phap hién cé. Cac luc téi han nhan dugc khi c6 xét dén
dd ciing thuc té clia cac lién két cho thay su phu hop vé tinh chat
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vat ly cta cac lién két, khi tang dé cling xoay cua 16 xo thi két qua
héi tu vé trudng hagp lién két ngam va nguaoc lai, khi gidm dé cing
k thi két qua tiém can dan véi trudng hgp lién két khdp. Diéu nay
cho phép ngudi thiét ké, dung bai toan nay tim ra két qua nhiéu
bai toan khac, bang cach thay déi dé cing xoay cla Id xo, chdng
han nhu trong bai toan & vi du 2, ta c6 thé nhan dugc déng thoi
két qua cta ba bai toan, thanh hai dau ngam (khi cho d ctng k)
tai hai dau bang khéng, két qua cda thanh dau ngam dau khaop
(khi cho d6 ciing kA=o0, kB=0) va két qua clia thanh hai dau khép
(khi cho d6 cting kA=0, kB=0). Tuong tu, ti bai toan thanh hai dau
khép ta cling c6 thé tim dugc két qua cla hai bai toan, thanh hai
dau ngam va thanh dau ngam dau khép.

Kié€n nghi, c6 thé nghién cdu tinh toan hé dam lién tuc, hé
khung, hé dan cé xét dén do clng thuc té clia cac lién két, déi vai
céac bai toan tinh, déng va 6n dinh.

TAI LIEU THAM KHAO

[1]. Ha Huy Cuong (2005), Gaussian extreme principle method, Scientific and
technical journal, IV Page 112 to 114.

[2]. Doan Van Duan (2014), Forced displacement method to solve eigenvalues and
eigenvectors, Construction Journal, no. 11. Pages 82 to 84.

[3]. Doan Van Duan (2016), Study on elastic stability of bar system structure with
consideration of lateral shear strain, Contruction publisher, 156 pages.

[4]. Vu Thanh Thuy (2010), Study of internal force and displacement of flexural bar
system considering the influence of shear strain, Technical PhD thesis, Hanoi University of
Architecture.

[5]. Pham Van Trung (2006), New method for calculating wire systems and hanging
roofs, Technical PhD Thesis, Hanoi University of Architecture.

[6]. Cornelius Lanczos (1949), The variational principles of Mechanics, University of
Torono Press,

[7]. Ferdinand P. Beer - E. Russell Johnston, Jr. - John T. DeWolf (2006), Mechanics of
Materials (fourth edition), McGraw-Hill Companies, INC, New york, 787 pages.

(8]. G. Korn - T. Korn (1961), Mathematical Handbook for sientists and Engineers,
McGraw-Hill, New york  (Russian translation, edited by I. Bramovich, Nauka - Moscow
Publisher, 1964).

[9]. Stephen P. Timoshenko - J. Goodier (1970), Theory of elasticity, McGraw-Hill, New
york (Russian translation, edited by G. Shapiro, Nauka - Moscow Publisher, 1979), 560
pages.

[10]. Stephen P. Timoshenko - Jame M. Gere (1961), Theory of elastic stability,
McGraw-Hill Book Company, INC, New york - Toronto - London, 541 Tr.



