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ON DINH CUA VO TRU DONG THOT BI NEN
DOC DUONG SINH VA AP LUC NGOAI
THEO QUY DAO PHUC TAP

DAO VAN DUNG

Theo huéng nghién ctru di chi ra trong [1, 2, 3, 4], bai nay xét su n dinh cda vd tru dan -
déo dong thei bi nén doc dwdng sinh vi dp lwe ngoai theo quy dao phire tap, xiy du’ng phuong
phip xdc dinh lwc t&i han va chi ra dnh hudng cda qud trinh diit tdi phic tap té sw én dinh cia
vd qua mdt vi du bing s8.

1. BAI TOAN ON DINH

Xét vd tru ban kinh R, 45 day k, chigu day L, chiu qua trinh dit ti phire tap: nén doc theo
. duwdmng sinh béi lye ¢ cwdng 46 p(t) vi dp lwc ngodl véi cwdng 49 4{t). Vit liéu 13 khéng nén
dwroc vi khdng xét dén sw xuit hién mién cit tii trong vit thé. Chon hé truc toa dd tru sao cho
truc £ nim doc dwdng sinh, truc z hwdéng theo phip tuyén cda v4, truc y theo hwdng tiép tuyén
vong. Gia thift vd tru twa bdn B taiz =0, z = L.

a) Qua trinh truéc khi vong
Céc thanh phin trwée khi vong ¢6 dang

' B
0zz = —p(th oy = —4(t) = —q(t); gay =0

o= (¢’ —pg+ #)'? (1.1)

Cic thanh phkin t8c 45 bién dang twong wng dwge xdc dinh theo ly thuyét qua trinh bién dang
din - déo nhw sau:

i

1
==yl b3l - (G- g) P rai=gpi- 500 =

1
1,1, iy, . 1, 1., @37
syy—.-jv—(ip—q) (E—W)(Pp+qq_5q—‘2qu)';;;_—m}2m
Sy =0 (1.2)

trong d6 ¢' = ¢'{s); N[.s,cru) = o, k(s)
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Phwong trinh x4< dinh 46 dai cung cda quy dao bién dang nhw saun:

ds 2 (. . . . \Y?_ \
prin “”\75 (Eiz + Eautyy T Eiy) = F(s,t) (1.3)
b) Qua trinh sau khi vong
“ Gi4 thiét ring c4c luc ngoai phu thudc bit ky vio tham s8 tii ¢. Tai th¥i difm ¢* v4 bi vbng,
térc 14 xudt hién dang cin bing lin cin. Khi dé hé phwong trinh &n dinh dan - déo cda vd ¢6 dang

5w 5w 645w
H17ga o 3z29y2

9 328w Fsw 1%
_lotey 1.
t TEN{s, o) (PG +a EW R o) =0 (1.4)
e o 64 N(s,cru) #éw
ZA5 Tl =0 1.5
Figas Thog gy TP G R 812 (15)
trong d9
3 NP | 1/N 2q — p)?
m:lﬁ_(l_%i)_g_f’__z_, ﬁ1=1+_(7_1)%,
4 N/p®—-pg+g 4\¢ p*—pgtq
3 AR l(N ) 2p — g)(2q — p)
Y JA S P S —g o= )BTRS T E) 1.6
oo =2 2(1 N)pz—m-i-qz’ fomitaly ! P2 -pg+g? (1.6)
' 3 ¢’ ¢ 1N (2r - )%
= —_— = —_—_— ——1 _—
e =1 4(1 N)pLPQ"’rq"” Po=1tyg (¢‘ )pzﬂlqﬂrz

Gii bai todn &n dinh quy v& nghién céu dong thoi hé 3 phurong trinh (1.3}, (1.4), (1.5) cling véi
cac dleu kién bién da cho.

2. PHUONG PHAP GIAI

Tim nghiém 5w dwéi dang 5w = Asin (oo

n
+ }5) trong dé m va n ld céc s nira séng theo

huéng truc va hwéng ving cla tru, D& thiy ring cich tim nghiém nhw viy thda min disu kién
bién twa ban I& theo nghia trung binh tich phin. Thay éw vio (1.5) thu dwoc phuong trinh xdc
dinh . Nghiém riéng cda phwong trinh nay la

@ = Bsin (m;$+ %)

po e o () (3) () (3) ]

Thay 6w vi ¢ vio (1.4} vi tir didu kifn khéng tim thwdng cda nghiém, tic 13 4 # 0 (kéo
theo B # G), nhin dwoc hé thitc xdc dinh hwe t61 han cda vd try.

() 7 (Y=o 5o () + P ()
()T O e ZDT e
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3R mrR\? L, ., .
( L ) i % = n? khids (2.1) dwa vé dang

iz:N (a19+a3+——)(ﬁ19+ﬁ3+is) . (2.2)
(P+ J{B18+ B + BS)‘b N

Sau khi cwe tifu héa +* theo § vi ¢ ta tim dwoc hé thirc xdc dinh luc t&i han nhir sau {2]:

s ag 1/2

L 2N(s,au) cxlﬂ-%-as-i-?
v= g Bs (2.3)

Pt ) prf+ s+ =

d
trong dé ¢ v ¥ dwoc xdc dinh bdi
o= 2N{s,04)
(p+ 2) (810 + s+ %”)

(01 - ——) (.815 + G5 + %’“) - (,51 ﬂs) (019 +oag —9—)
2q

+6—'3(_p:_%7(a19+a3+ )([319%“/33%—%5):0;

Hé thire (2.3) bao quat céc trwdmg hop da xét trong (3, 4, 6].
Cac trudmg hop riéng
a} Vd ¢4 &5 dai trung binh
Theo [6], tacé m=1, 6% < 1 vh
o N(Sy Uu)al')lﬁf)n’s
BNz EVET AR
P(T) Bsn® + gfsn® — Nis,04) (_L—)

Céng thic gin ding x4c dinh lwe t&% han <6 dang

=t =30 Pl ()
G306 D i T
\/— \/1+ p(Z—p};;i) g }_1 ‘ | | (2.4)

Nhian xét: Néu g = 0 tt‘r {2.4) suy ra cdong thirc d3 c6 trong [1], néu p = 0 cdng thic sai khic vdi
cong thirc trong [4] mot hing sd nhin bing 0,85.
b) Vé dai. Khi dé § < 1, ta cé [2]

1 §(1 ‘ﬂ) 7 e
‘= 2N(s,04) 4 N/ p?—pg+¢® (2.5)
2p — q)° N )
P 1+1(£v741) 2( ), 447 (S;U.L)
¢ pP—pqtg r
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3. PHUONG PHAP SO XAC DINH LUC TOT HAN

Viéc xdc dinh lwc téi han trong trwéng hop dit tdl phic tap dwge thye hién theo phuong
phdp tham =8 tdi. D& minh hoa, gi thiét cho quy ludt dit tdi phiéc tap dwéi dang

_ (90 + q1t)?
qoo

g=qo+qit; p (3.1)

Vi go, ¢1, oo 13 cdc hing 36 A2 bigt ¢ thi nguyén hre. Thay quy lugt (3.1) vio cée hé thie
(1.1}, (1.2) tim dwgc o,(t), €;(t); phuong trinh (1.3) xde dinh s = s(t). Hé thic xac dinh luc téi
han cho vé dai din v8

. 2g00N(s(t),ou(t)), 3 rgf)'(s(t)) .
i= (g0 + q.1t)? [1 B Z(l B N(s(x),gu(t)))'
(g0 + qut)%1/2 1 /N {5(8),0u(t)) 2(q0 + q1t)?
R B L G e N ey

~ (g0 + )] 77 0) + AN G0, Dol + 9100} (32)

trong dé

t/z2

+qit)* + qit)’
sult) = [(qo kL ) (oot at) (q0+qlt)2]
) ©doe
Viée xdc dinh d8 dai cung cla qui dao bién dang s = s(t} tir phuong trinh (1.3) dwge thue
hién theo phwong phip Euler hoic Runge-Kutta. Ching han theo phwong phdp Euler.

8(tyyy) = s(tﬂl} + 7 F(tn, s(tn)) \ (3.3)

trong dé 7 =1{,,41 — ¢y.
Nhw vay dwa vio cde hé thire (3.2), (3.3) ta c6 thé xdc dinh dwoc gid tri tham s& tdi t&i han
t.. Cdc lwe téi han p,, ., o), dwge xdc dinh nhir sau:
. 3 L oayif2 o )
P.=plt.), qu=gq(t-}, on=(pl-pug.+¢l)"" ;
Dé so sanh lwc t&i han giita qud trinh dit tdi phérc tap véi dit tdi don gidn, v&i dan hoi. T
(2.5) ta cé: ' . '
Vo dan hdi ¢' = N{s,0,) = 3G va

. 2.3G o
eI (3:4)
V4 dan - ddo chiu qué trinh dit tii don gidn ¢ = ¢'(e,); N = 2 v
‘ . €y
' 2
27 12 Sleden) v
= Sr ' 4 Tu (3.5)
By 14 1( Ou 1) (28— 1)? N dcr,, '
. 4 €u¢'(5u) '72 ﬁzqsu

trongdéﬁ=§;72=ﬁz—ﬁ+1

Duwét diy din ra két qud tinh todn bing s8 xdc dinh luc téi han cho v4 tru bing thép
loai 30XT'CA véi gidi han chdy o, = 4000kg/cm?, 3G = 2,6.10%g/cm?, qo = 20kg/cm?, g, =
1kg/cm?; gop = lkg/em®. Liy buéc 7 = 0.01, t§ 56 R/h nhin cdc gid tri tir 22 d&n 49 va 50 dén

20

S



77 vé&i cbng sai bing 3. Qué trinh dit t3i nhu hink 1 theo quy dao OB. Ghi nhin trang thii mét
&n dink 13 M;. Qua trinh 43t tdi don gidn d¢ so sdnh 12 OM1N,. Céc két qud tinh todn dwec
thuc hién trén méy vi tinh theo ngdn ngit Turbo Pascal, sai s8 nhd hom nim phin nghin, bing
1 cho 88 1idu vé&i vé tru chiu qua trinh dan ddo phire tap (3.2), bing 2 cho s8 lidu vé tru dan hai
“twong ng (cong thire (3.4)). Hink 2 bifu thi 45 thi giFa o7 va R/h. Dwdng L ing véivd tru dan
déo chiu qud trinh ti phire tap, dwdmg Il twong fing v&i vé tru din hdi. Cac khoanh trén o bidu
thj gid tri t&i han twong Gng vd tru din déo chiu tii don giin (Lheo cdng thie (3.5)).

E‘H
soan
‘\
\
\
\
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\
\
\
\
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\
\
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\
L F B \\(ll')
Ny \\
r \
. S LY
M, AN
Jao0} AN
' ’ \
AY
5600 - -
“{{%‘_e_ \\
- TTeeel “
i L
1000 , 4900} TNy,
00 . e
N
4 80 ¢ K7 . N
.
. "\*
2087 . . . . .
- a 33 5 i8 77 R/H.'
Hinh 1 . Hink 2

Cin cir vio cic k& qud tinh todn ta rdt ra cdc nhin xét sau:

NHAN XET

a) Ciing nhw trudng hop ban [5}, & diy cho thiy gid tri cda lwc té1 han tinh theo Euler (din
hdi) ludn luén 1én hon lyc téi han tinh theo cdc 1y thuyét déo (cd phirc tap, lin don gidn). Trén
db thi o7 va R/h cho thiy dudmg bidu din twong fng v&i dit tdi phire tap nim dwéi duwirng dng
véi v dan hdi.

b} Lwe t&i han khi 43t t3i phirc tap ¢6 xu hwéng nhd hon khi d3t tdi dom gidn. & diy it
khéc bigt vi 6 phirc tap cda qud trinh xdy ra trong giéi han dan hdi. Diéu nay phit hop véi thue
nghiém vi nhin xét trong |2].

¢) Qua vi du niy cho thiy khi vé <6 t§ s3 —g > 68 (tic 12 vd méng hon 7 = ?’ERﬁ > 200),t4 &1
han tinh cho v4 tru din h3i vd v4 dan déo.tring nhau. Vi viy khi vé ¢6' d8 minh 16n {tic 13 vé
méng hon) c¢b thé st dung cong thirc Buler. Trudng hop niy vd bi mit n dinh ngay trong giai
doan din hoi. '

d) Khi vé ddy hon (R/h < 68) cin phai tinh lyc t&i han theo 1y thuy&t qud trinh din déo.
Vi trong trwdmng hop d6 lwe t6&i han 1ém hon so véi gidi han chiy, dign 46 ¢é nghia 1d cfn tric di
chuyén sang lam viéc trong trang thai din déo, khi dé viée tinh theo mé hinh dan hbi sé ndy sinh
nhirng ditu khéng hop ly.
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Bdng 1. V3 tru din déo chiu qué trinh d3t tai phie tap

R/h

5.10°

&

¥

¢ P g
22 - 55,9 9,0204 5760 75,9
25 54,4 ° 7,2046 5540 74,4
28 53,3 6,0076 5380 73,3
31 52,4 5.0474 5240 72,4
34 51,7 4,0455 5140 71,7
37 51,1 3,9367 5060 71,1
40 50,4 3,4597 4950 70,4
43 49,7 3,0176 4880 69,7
46 49,2 2,7263 4780 69,2
49 48,7 2,5007 4720 68,7
50 48,5 2,4331 - 4760 68,5
53 48,0 2,2403 4630 68,0
56 47,3 2,0268 4530 67,3
59 46,7 1,8829 4460 66,7
62 459 1,7369 4350 65,9
65 44,9 1,6235 4210 64,9
68 40,8 1,4126 3700 60,8
71 36,1 1,1990 3140 56,1
74 31,8 1,0226 2680 51,8
77 28,0 0,8763 2300 48,0

x
Ty

5721
- 5501
5342
5204
5105
5020
4919
4820
4750
4685
4663
4591
4497
4422
4316
4176
3672
3117
2658
2278

Bdng 2. V& tru dan hdi bi nén doc dwdng sinh va

ip lue ngodd

R/h

22
25
28
31
34
37
40
43
46

45 -

50
53
56
59
62
65
68
71
T4
77

t

225
203
183
165
149
135
121
109

97,5

87,1

83,8
74,6
66,3

58,9

52,2
46,2
40,8
36,1
31,8
28,0

*

*

5.10° P q =
23,109 60200 245 60084
19,506 49700 223 49547
15,825 41200 203 41144
13,191 34400 185 34296
11,000 28700 169 28622
09,1857 . 24000 155 . 23883
7,6543 20000 141 19901
6,3678 16600 129 16556
5,2804 13800 118 13753
4,3904 . 11500 107 11415
4,1258 10800 . 104 10727
3,4261 8950 94,6 8907
2,8500 7450 86,3 7410
2,3769 6220 789 6179
1,9901 5210 72,2 5174
1,6730 4380 66,2 4349
1,4126 3700 60,8 3672
1,1990 3140 56,1 3117
1,0226 2680 51,8 2658
0,8763, 2300 48,0 2278
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KET LUAN

Phwong phap gii bai todn trén diy cho ta khdo sit dinh tinh v dinh lwong vE sy on dinh
cda vd khi chin qué trinh dit tai phive tap. Cic ké qud nhin dwyc cho phép dwa ra mét vai ggi y
khi ¥ng dung vio thyc t&. Véi phwong phap tham s8 tdi vi sw tro gidp cda mdy tinh ¢4 thé gid
quyét bai todn 8n dinh cia hé din dédo dwéi tic dung cda nhidu thinb phin luc.

Téc gid chin thinmh cdm on Gido sw ti€n s1 Do Huy Bich di huéng din cdng trinhk nay.

Cdng trinh dwoc hodn thinh véi sy t4i tro cda Chwong trinh nghlen clu cor bdn trong linh
vyc khoa hoc tw nhién.

Bia chi: Nhin ngay 25/9/1993
Dyi Téng hop HN
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SUMMARY _

STABILITY OF CYLINDRICAL SHELLS SUBJECTED TO
AXIAL COMPRESSION AND OUTSIDE LATERAL PRESSION
The method for calculating critical forces of cylindrical shells subjected to axial compression
and outside lateral pression has been presented. A numerical comparison based on the theory

of elasto plastic processes, the simple loading process theory and the theory of elasticity for this
problem was given.
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