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MOT PHUONG PHAP TiM LUC TOT HAN CUA VO TRU
KIN VA HO CO MAT CAT NGANG KHONG TRON
CHIU TAC DUNG CUA AP LUC NGOAI

LE NGOC HONG, LE NGOC THACH

Bai todn &n dinh cda v8 tru di dwoc nhilu téc gii nghién céu nhung chi yéu 1 cdc vd <
mit cit ngang 13 hinh trén [1]. Trong cac linh vyc ky thue:i,t khic nhau, ta coén gip cdc loal vd tru
c6 mit cit ngang khong trdn, kin hodc hé (cac v him, cic bé chira nhién kidu, cic du-crng ong...)
m3 viéc nghign ciu 8n dinh cda cdc vé niy cdn it dwoe de ca.p t&i vi khd khin chﬁ yéu 13 vige gidi
céc hé phurong trinh vi phin cé hé s8 khéng phai 13 hing s3. Bai bio trinh biy mét cich xéc dinh
lwc t&1 han cha céc loai vé ndy trén co s& phwong phép tiém cin tich phin cla A. L. Goldelveizer
[2] @8t véi Iy thuySt v4 tuyén tinh tuin theo gii thidt Kirchoff-Love [2].

1. PHU’O’NG TRINH ON DINH “NHO” VA DINH TiNH NHGIEM CUA
PHUONG TRINH

T céc hé thirc co bin cda Ij thuydt vé mdng dan hdi, ta nhin droc hé phwong trinh ding -
dé khéo sit on dinh tuyén tinh cda vd try ¢ mit cit ngang khdng tron chiu tic dung cda 4p lye
bén ngoai, vi€t dwdi dang cdc dai lwomg khéng thi nguyén nhu sau:
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Véi toa 45 khéng thi nguyén o, § 18y theo dwing sinh vi dwdng chu tuyén cia vd (cé cic
hé 83 Lamé A = B=1}.

* h, Rg, W 1 mgt nira b8 diy, d§ cong cda dudng § vi chuyén vi_ phéip tuyén viét dwéi dang
khdng th& nguyén, bing c4c dai lwgng twong fng chia cho mét tri 88 B ¢é thi nguyen bing chigu
dai va d3c¢ trung cho kich thwéc hinh hoc cda vé, vi du 13 bin kinh cong trung binh cia dudng ,‘9
Do d6 h '3 mdt tri 53 bé 48i véi vd méng

*P= % véi P* 13 4p lwc phép tuyén

* P = ﬁ:ﬁ v6i @ 1a him tng sudt cia bii todn v mi khi biét né ta cé thé tinh dwoc 4p
hrc mang Ny, Ng v& §.

Tal nhirng ving trén mit vd cé xuit hién cic nép nhin (khi mit 6n dinh) haim & vi W bién

30 nhanh theo phwong dwdng toa &6 B, ta ¢6 thé gid thift — » 1 vi nghidém cda phwong trinh
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(1.1) khi mit vé luén luén tron, khdng bi giy, dwéi dang:

& = &(f) sin ko
W =W (8)sin ka

Véik = nx/L, n: & nira bwée séng hinh sin trén chi®u dii khong thir nguyén cda vd:

-Thay (1.2) vio (1.1) ta nhin dwyc phwong trinh gin ding 48 xdc dinh ham @ cda bién g

K2 gt atp k4 a2 k)
e @[Rﬁgﬁ] + Rﬁ@+P3ﬂ—5[RgEEZ] —0 (1.3)
St dung phwong phip théng s8 bé, tic gid 48 nghi tim nghidm cda (1.3) dwéi dang
&=/ Oe[p &
!0y (5) + €Dy + .. ] (1.4)

P=P:®+ Pyc® + Pac® +...

2
= a’;(iiﬁ)- 12 mt thong 8 bé

f(ﬁ), ‘D{(ﬁ) (Vé’i T = 1, 2, . ) 12 cdc him cda ﬁ ’
P, (i=1,2,...) 14 c4c hing 55 cin tim.

Thay (1.4) vio (1.3) sau khi bién d6i ta nhin dwgce v& trdi 12 mét da thic thuin nhit cda «.
Cho céc hé 88 cda da thitc bing khéng ta nhin dwgc phwong trinh dai s8 d8i véi dao ham f'(5)
(k# higa F = f).

8 6 K*
FE4+ P F +3Tg=0 (1.5)

Gili phwong trinh dai s8 nay [3] va tich phin nghiém ta tim dwec:

8
fia = if (’% + Dz)mdﬁ'

0

véi Dy 13 ham cla P vi cda Rig) (F = 1,2,3,4).
Phwong trinh 48 tim him @44 58 cb dang:

9%,

i3 n =1
(8RsF"® + 6P, Rs F) 5

+ (4RyF° + 18P Ry F' + 28R F2F' + 2P Ry F)®, =0  (1.6)

Tir 36
& = C Ry P F~"2(8F* 4 6P,) Y3 {(F? 4 P/ (1.7)

Cic phwong trinh d€ tim @), ®3(4),--. 13 cdc phuong trinh vi phin khéng thulin nhit-

¢6 v€ trédi gidng nhu v€ tréi cla phwong trinh (1.8), cdn v& phai 13 bi€u thitc tuyén tinh cla P;.
Khong di¥n gili qui trinh tinh todn, ta tim dwgc nghiém cla cic phwong trinh ndy dwéi dang
tong quit:

@‘(ﬂ) = C{REIIB{SFz + 6P1) _1/2(1’12 -+ P]_)llz + R‘I’,('@) + G’:(B) (1.8)

Wi(s) vd Gipy 13 cdc him &3 bidt khi tim @,(4) (12 nghiém cia phwong trink khéng thuin nhit},
C; 13 hing s5 tich phan xdc dinh theo difu kién bién.
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Theo nhi¥ng phwong trinh vira irinh biy & trén, ¢6 thé néu ra nhin xét v& dinh tinh dang
nghiém cida bai toda nhu sau:

Ham tng sudt P4y dling d¢ x4c dinh cdc ¥ng lyc trong vd, néu tdn tai thi phdi 13 nhitng ham
thwe, va do d6 céc thanh phin ;4 cia né ciing phdi 13 nhimg ham thye; gid tri 4p lwc P cling
nhir cic thinh phin P; cda né phdi I3 38 thwe va deong. Him f(g) hodc dao ham cla néd f(',a) =
¢6 thé i t.hl:rc, phitc thy theo gid tri cac hé s8 cila phwong trinh (1.4). Néu ta tim dwoc mét bg
ba théng 28 P f, @ thda min cic tiuh chit k& trén thi P chinh 13 lwe t61 han cda vé, 14 nghiém
cda bii todn dn dinh.

& gin diéng thé nhit, ta cin xic dinh g1é tri thwe cia P; sao cho, tmg v&i nd, nghiém F cida
phwong trink (1.4) vi, do 46, him f theo (1.5) s& lam cho ham & x4c dinh theo (1. 7) 13 thye. Libc
niy ta gip nhi'rng phlrong trink thuin nhit.

céc gin ding ti€p sau, ta ciing x4c dinh c4c gid trj thee P; (@ = 2,3,...) cé nhing tinh.
chii néu trén. Lic nay céc phu'o'ng trinh 13 nhtrng phwong trinh khéng thuzm nhat

Déi véi vé tru cé mit cit ngang 13 hd, ta cin st dung di¢u kién bién trén cdc canh song song
dwémg sinh (khi § = 0 va § = fy) d¢€ x4c dinh cic hing 8 C; trong biéu thite (1. 8) cfla him @,
Cén d8i véi vé tru ¢6 mit cit ngang 13 kin thi cic di8u kién bién niy khdng ton tai, vidc gidi bai -
todn cé thé dom gidn hom.

M5t difm c3n lvu § 13 céc gid tri gin ding th& nhit, the hai ... cda lwc téi han s& T4t gin
nhau theo bidu théc phin tich cha P (1 4). Digu ndy cho tha.y 6 wu difm cda phuong phap vira
ki€n nghi.

Sau diy, ta sé xét nhitng vi de 4p dung cu thé cho vd tru ¢é mit cit ngang kin vi mit cit
ngang hé. :

2. BAI TOAN VO TRU KiN ¢O MAT CAT NGANG HINH ELLIP

Phwong trinh mit trung binh cia vé cho trén hinh 1s€ 13

Hinh 1

Tz =acost
_ _ y=bsint (a> )
Do tinh @i xtmg, ta.chi khio s&t m3t phin t& m3t phing 0 <t < x/2
Gid thidt tinh véi cic thongs8 chavd: k=1,¢=2,b=1,B=1
(4sin® ¢ + cos? )

By = 4
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Tinh gin ddng th nhdt cda hec téi han P; sao cho nghiém cda phwong trinh (1.5) s& cho
ighi§m thwe cla pheong trinh (L.7).
Trong trudrmg hop dang xét, phwong trinh (1.5) 88 ¢6 dang:

4
FE+ PF® 4+ ————— =0
o dsin?t + cos?t

@1

Dang nghiém F phu thuﬁc vio gid tri cda P vi bién s§ toa d3 t; k& qui phéin tich dang =
aghiém F cho trong bing 1.

Bdng 1

Gid trj P, Hinh thc nghiém F
0,8 Phéc trén todn b mit vé

1,0 t=0+60° Btrisdphitc t=60+90° 4 phtc, 4 thulin 4o
1,2 t =0+ 48° 8 tri s6 phtc ¢ = 48 +90° 4 phite, 4 thuin 4o
1,4 t=0+36° B8trisdphitc £=36+90° 4 phirc, 4 thuln 4o
1,6 t=0-+30° 8 tri 88 phite- ¢ = 30+ 90° 4 phitc, 4 thuin 4o
1,8 t=0+24° 8 tri 86 phitc ¢ = 24+ 90° 4 phic, 4 thuin 4o
2,0 £=0220° B8trisdphic ¢t=20+00° 4 phitc, 4 thuln do
2,2 t=0+14° 8 tri sd phitc ¢ =14 +90° 4 phitc, 4 thuln 4o

- 2,4 t=0+8° 8 tri s8 phitc t=6-+90° 4 phite, 4 thuin do
2,6 Thuln 4o trén todn b& mit vé

Trén co s& xét dinh tinh dang nghiém F = §' ghi trén bing 1 ta ké luin

- Véigid tri P, = 0,8 nghiém 13 phéc trén todn b8 mis v, theo (1.7) vi (1.4) céc gid tri cda
® ciing 13 phire, diBu ndy trdi véi gid thiét, ¥ nghia cia him &ng suit khong thé nguyén &, V3
vin on dinh.

- Vé&i gid tri P, = 1 thi trén doan 0 < ¢t < 60° ham @ ciing khéng cd gid tri thue, chi trén
doan 60° < ¢ < 90° him f' méi b gik tri thuln 4o, vi do 46 him & ¢6 gid tri thwe. Chémg t3
ring véi P = 1 trén mien 60° < ¢ < 90° xuit hién cic nép nhin, vdé mis &n dinh cuc bd,

- Khi gid tri P; ting thl midn 6n dinh 88 lan réng cho t&i khi Py = 2,6 thi mign ndy lan ra
todn b3 b¥ mit cda v4. ' ,

- Ting khodng chia ciia P; trong doan {1 +2,6) ta s€ ¢4 thé nhin dwgc cic két qua chinh xdc
hon v theo d&i dwge ti mi hon qué trinh hinh thinh cic nép nhin, midn mit 8n dinh cila vé.

3. BAI TOAN DOI VO TRU HO

Khi xé¢ vd tru hé, ta cin dya thém vio cdc diBu kién trén c4c bién song song dwdng sinh g =
hing s8). Vi du: tai # =0 vd f = By vé tru dwoc ngam chit thi:

U=y =W = % =0
Hogc do dé: ,
at &IV _ av
Oy = ey = gy = B(p) =0 (3.1)

Thay céc bifu thie cda him @ vio (3.1) ta nhin dwgc hé phwong trinh dai s8 d6i véi cic
hing 88 C; nhur sau; .
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HY[FL(0, Py)|Cra + H'|Fa (0, P)|Cuz + -+~ + H"[f5(0, P1)jCas = 0
H"|F; (o, P1)|C11 + H"[Fa(Bo, P1}|C1z + - - - + H"[fe(Bo, P1)]C15 =0
HYU[F(0, P)|Cyy + B[R0, P1)|Cra + -+ HY [£5(0, P)|C15 = ©
H [Fi(Bo, P1)|Cyy + HY [Fa( o, P1)|Crz + - -+ B[ fa(fo, P1)|C1s = 0 (3.3)
HY [F1(0, P1)]C11 + HY [Fa(0, P}|Cra + - + Hlv[fg(ﬂ, P)]Cis =0
HY [Fy(fo, P1)|C1y + HYV [F3(Bo, P1)|Crz + -+ - + HV [f3(fo, P1)|Crs =0
HY [Fy(0, P)|Cy1 + HY | Fa(0, P )|Cra + - - + HY [5{0, P1}]C15 = ©
HV[FI(ﬁG: Pi}|C11 + HY [Fa(Bo, P1)[C12 + -+ + HY [fa(Bo, P1}]Cr1s = 0

Trong d6 k¥ hiéu H 13 mdt him biéu dién qua céc gid tri f/, P;, Rg cb dang (D3 ky hién

F=f
) H = F;"*(8F2 + 6P))/2(F} + P)'/?R'/? (3.4)

P4 c6 nghiém C;; khong dBug nhit bing khéng, dinh thirc cic hé s8 cia C;; trong phwong
trinh (3.3) phai bing khdng. Gidi dinh thic ndy ching ta nhin dwoc cic gid tri cda hre téi han
P]_. '

D& tinh c4c gid tri gin ddng tiép theo cda lye t&i han P ta cling ding hé phwong trinh c6
vé trai gidng nhw vé trdi cla phwong trinh (3.3), cdn v€ phii 13 cdc bidu théc tuyén tinh cia P;.
TG hep cic gid tri cda F; theo bidu thiéc (1.4) ta tim dwoc céc gid tri gin ddng cip cao hom cla
lwe téi han. _ '

Dia chi: Nhin ngay 4/1/1996

Truong dgi hoc Xdy dung
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SUMMARY

A METHOD TO SOLVE STABILITY PROBLEM OF
NONLINEAR CYLINDRICAL SHELL UNDER TRANSVERSAL LOAD

The stability problem of the cylindrical shell was studied by many researches, but most of
those shells were circular. The present article considers a method to determine the eritical load of
noncircular cylindrical shell with the open or close section. The author used the small parameter
method to obtain the stability equation of the shell. Analyzing quality of the solution, author
determines the critical value of the transversal load for a shell with a elliptic close cross section
and for a open shell, '
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