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TRANG THAI DAN DEO CUA LUGI
DAM CONG CO DANG VO TRU

VU KHAC BAY

Nghién cfru bii todn vé hg thdng lwéi dim cong cé dang vd tru dwoe cdc nhi ki thuit vi
xiy dung rét quan t&m. Tinh todn bai todn nay trong gidi han din hdi 43 dwoc xét dén trong [3).
Trong bai niy nghién céu trang thii din - déo cla hé thdng lwdi dim cong khi chiu tic dung ciia
lec mit phin bd thy ¥. . '

1. DAT VAN DE VA CAC GIA THIET

Xét hé théng dim cong, cé dang vd tru, laim bing vis lidu khong nén dwoc. Cic truc cda
dim lréi niy d8u n¥m trén mdt mit tru tron (goi 13 mit trung binh hay I3 mit gitva). Mit vé
try trung binh cé bin kinh 13 R, 45 dii dudmg sinh 14 & Géc & tim cung cda thiét disn ngang
mit trung binb 14 28;. Truc cda cic dim cong nay ddu 1ip véi dwimg sinh cda mit trung binh
mét géc ©. ' .

Hé thdng dim lwéi ndy twa ty do trén céc bién cong, cdn cic bidn doc dudmng sinh: iwra tw
do hoic bi ngim. Trén mit cic dim chiw t3i phin b thy §.

P4 nghién ctu bii todn niy ta gii thidt ring:

+ Céc d3m dan 3t day d? trang théi tng sudt (tai cic dim khéng thudc phin giao nhau cia
cdc dim) chi tinh dén thanh phin #ng suft theo hwéng doc truc dim, cdn cdc thanh phin tdng
suft khic 13 nhd nén bd qua.

+ D¢ cong cida mit trung binh 13 nhé, nén ding gid thi€t vo thoai.

2. CAC HE THONG KV HIEU




@, 8, z - Cdc toa dd theo céc hwéng: doc dwdng sinh, tidp tuyén véi cung cda thiét dién ngang
cda mit trung binh, theo hwéng phdp tuyén ngoii cda trung binh. Géc toa 43 dit tai difm gifra
cung cla bién ngang (trong d6: o = z/R, 6 = y/R)

&, f - Céc toa 48 hudng doc theo cdc truc cla cde dim

u, v, w - Céc thanh phin chuyen v} trong hé truc toa d8: o, 6, 2

fi, § - Céc thanh phin chuyén vi trong hé truc toa 48 &,

T ey, €g, €17, 91, 02, 012 - Céc thinh phin bién dang, #ng suit trong hé toa do o, 8,z

&1, &y, &1, 7 - Bién dang doc, dmg suft phip cda dim theo huwémg: &, ,6

a - Chiéu cao cia dim

E, G - M6 dun din h3i vi md dun trwet cda vit ligu dim

N, N,, My, M, Ql, Q. - Lwc phip, mb men udn, lwc cit xuds hién trong thidt dign ngang
cla dim theo hwéng &, 5.

Ni, N3, Nig, Naoa, Qy, Q2, My, Ma, Mg, Ms; - Llrc phip, lwe ti€p, lvc cdt, m6 men udn vi
mé men xodn xudt hién twong ¥ng trén cic thidt dién ngang va doc cda mit trung binh.

X,Y, Z - Céc thanh phin tii ngodi twong Wng véi hé toa dd a, §, 2.

Ly ~ )y ’, A
3. THIET LAP CAC QUAN HE
Véi hé thing ky hidu trén, theo Iy thuy&t v4 thodi ta cé dwoc cic quan hi:
e = €] —2X1, 63 =€z ZX2, €13 = €1s— ZX12

trong dé e}, e3, e}, 13 cic bien dang cda mit gifra, né dwoc lién hé véi cde chuyén vi theo Iy thuydt

vd thodi 5 5 5
L_lou 10y w13y du
‘LT RPa’ 2T R TR’ - R( ""aa) (8.1)
va
1 8%y 1 3w 1 3w

X\= Fiaaa T map ' X7 T aa08

Ta cb: é; = e cos? @ + ez sin  + 2¢17 cos wsin @. Thay céc chuyén vi vio ta dwoc

3111250(3'0 3_11»_)]_

1= — [cos \'pa + sin cp(a +w)—§— +
R Jda a8 2 da 39
3w 32w 3w
B & Lo P gz + o’ P +oin 3a39]
= & - zX1.
Twong tu;
. 1 Au By sm250 '
2= R[“’S b5q T’ ‘P(ae ) ( )]_
324w

z [cos S + 82w sin 2 ]
R2 Yo sin” o7 - ""a 36
_zxg

i

Véi cac gid thi€t 43 néu thi trang thai dmg sudt, bién dang & céc da.m 88 tuin theo Iy thuyét
bién dang dan déo nhd:

&1 = 3G€1 - 3G~.’J)E1 Vé 6'2 = 3Ggg —_ 3Gw§2

15




Do dd xéc dinh du‘o’c Ny, Ny, My, Ma. Kh1 dé tai chc ph3n giao nhau cia dim (m3 ta goi ching
1a c4c nfit lwdi) sé co:

N = (N] + Nz) cos’® o, Nz = (Krl + ﬁg) Sil‘l2 ©, Nz = Npy = g, 5Sin2tp(ﬁ1 - ﬁz) :
M]_ = (1’\21 + Mz) (:082 v, Mz = (H], + Mg) sin2 =5 M]_g = —Mg]_ = 0, Ssinzso(ﬂl - ﬂz) ‘

Céc lrc phdp vi mé men trén cin thda min hé phwong trinh vi phin cin bing

aN;  3Nig _
5a T oy TEX=O
oN, 8N _
ET) + rrs +RY =0, ,
- N+ 3Q1 b BQ"‘ +RZ =0, (3.2)
BMlz 6M1
= 5(5%2+ 5.)
. 1s3Mi, | M,
Qz= r ( da + ae )
vi che disu kién bién '
v=w=N =M =0 khi a=0 vi a=—% (twa tr do) {3.3)
v=w=Ny=M;=0 khi §=:4f (iwaurdo) - (3.4)
hojc: u=v=w= 2‘: 0 khi f==§, (ngim) (3.5)
Dt -
Ny = 8Ga& + Ryy, N, =3Gaé}+ Ry,
- Ga® - Gd®
My=-——x1+Bu1, Mp=———x2+ Rus
vi:
af2 a/2
.RN1 = -3 / wé’ldz, RNg = 383 f wé'gdz
—af2 —af2
af2 afz
Ry = —3G / wéyzdz, Rpp=—3G [ wégzdz
-af2 —al2
Ky hign

By =Eyn1+ BRyz, Sy = RByi— Rnz, By = RBayi+ Rua, Hyr = Rpyn— Rypa

Thay thé cic chuyén dich vio cic bidu thu'c trén, san khi thay vio phwong trmh cin biag ta
din dén

ctg? _3_21{ + _Bf_!:ﬂ_ +2 v + _(?lﬂ_ _ —-2R%X B [ 1 3RN 2 3SN]
€ Y52 " 367 " “3a00 T da  3CGasin’2p 6Calsin?e da | smip 88 -
8%y 3% 32 dw _  —2R?Y R 1 &R 2 38
o+ g% + gl —— = [ s N-],
Jadd  Ja 83 da  3Gasin 29 6Galcos®p da  sin2e 34 (3.6)
du v a* d*w 8% )
— +tg%p— ] t =
5o+ gsoag+12m(ctgzsoaa4+ 32392+gfpag4)+wtgfp
_ 2RZ 1 [ 1 0°Ry 1 8%Ry 4 BQHM] RRu
3Ga sing 2 6Ga sin2 © Aa? cos? P ag? sin 2 dadl 6Gacos? %]
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4. PHUONG PHAP GIAI

Véi chc gik thidt vi quan hé d3 néu trén, bai todn chuyén vé xdc dinh cic him u, v, w théa

ndn hé phweng trinh (3.6) vi cdc diéu kién bién (3.3}, (3.4} hoie (3.3}, (3.5). .

Trwée hét ta tim nghidm tong qua.t cla hé phu'o'ng trinh thuin nhit t.u’o'ng ing véi hé phu‘e’ng
rinh (3.6). Gid s¥ Ly, Lj, Ls, L, 12 chc todn t& vi phin tuyén tinh nio &6 42 sao choi u = lgﬁ
1= La¢, w = L3d vi L4 = 0 véi ¢.13 mdt him ndo 36 (phai tim), khi 6 Ly; Lo, Ls, I, cin

hda min hé phwong trinh sau:
82 &2 82 a .
2 — =
(“g Poaz ¥ 392)L1 N ( 8a36)L2 + (a )L3 Ak,

( azZa)L1+ (33:2 + :92'33 sO)L2+ (tg 2 )L3 =0,
4 54 4

(33 )L; + (tg pga)Lg-l- (C[ctgztp;; +6W +tg2qoa£;4] +tg p)-L =0,

2

Vi C= %RE’ Ay - hiing s8 cin tim. Gidira ta dwge 4; = —C va cic todn i
L, = ctg? -?8—+t & + dctg? i + 4tg? & a
1= ct’pgg e o+ Aot P 5o aa 487 g o — RETTEPrE
EL 8¢ 3¢ 3% 52
Li= ‘(C[“g 0 oat T T gaaap T T P yag e “’396] gy )
32 36 G 36
— 2 2 2
Lr=tev5 55+ 2C[°tg Y 5atas T 55008 18 ""aaaas] ;
33 a3 '

L=
3= 5ot 8 Pooa
via him
$=C16° +C28"+ 5 [(Cim + camB) sin(Am8) + (Cam + Cam0) cos(Rm 8)+

m=1

+ Cmsh(F,n0) + Comch(Fnf) + Crmsh(d,,8) + Camch{Gn0)] cos{Ama)
Khi 46 nfu goi u*, v*, w" 13 nghiém téng quat cla phwong trinh thuin nhét twong dng véi
(3.6} thi ta dwge: .
=Ty +0af - tgp Z { T + (16X5.C) Tt — 483t T4 C] sin(X,n0)

- [—zm +(1+ 16)\m0)04m9 + 48)\,,,6"6"_3,,1] cos(imﬂ) _
+ dm [Camsh{B,, ) + Comch(P,8) + Crinsh(G,,8) + Camch(g,,0)) } cos(Ama)
v =tgp ) {[ﬁlm F (1 + 1630, C) A Cam — (14 4830, C)Cirm] cos(Fmf)

m=1

+ [Cam + (14 16X5,C) 2 Camnd + (1 + 4830, C) T sin(Am )
+ P t80[Csmeh(F,.8) + Comsh{p,.0)] + q_mtgcp[a-;mch('q‘mﬁ) + Camsh(g,, 6}]} sin(An,a)
W = — Z {2Am[@‘4m sin(Xnf) + Capm cos(3nb)] + (A2, + p2,) [Csmsh (5,6} + Tomch(5,.6)]

m=1

+ (02, + &%) [Crmsh (@) + Comch(3,n6)] } sin{Ame)-
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Véi

R f -

D¢ tim nghiém riéng cda hd phmmg trinh (3.6) (vo’vi v& phai khic 0), nhin thiy ring hé (3.6)
12 hé phwong trinh dao him riéng tuyén tinh cda cdc bidn @, £ nén ta ¢ thé dwa vE& viéc tim
nghiém riéng cda 3 hé phuong trinh dao ham riéng véi v& tréi gik nguyén, cdn v& phii Iin luot
- v&i 3 trwdmg hop sau:

a) A{a,8)#0, B(e,8)=0, D(a,b) =0

b) A2, 8} =0, B(e, 8} #0, D(a,6)=0.

¢} Afe,8) =0, B(e,§)=.0, D(a,f)#O0.
trong dé A(«,d), B(a,§), D(,8) lin lwgt kY higu vé phéi cda cdc phwong trinh (3.6). Khai trién
cdc A(e,8), B(a,6), D(e,§) dwdi dang chudi Fourier theo cic bién § trén doan [0, Bg] v o trén
doan [- - E]

* Do1 véi trudmg hop a) ta s€ tim nghi€ém dwéi dang ug = L1¢g, va = Lada, we = Lsd, véi
L1, Lg, L3 nhw 43 tim dwogc va Lige= —A{e,8)/C. Con him ¢,4(a, ) dwdi dang:

a cos{ynf) cos(A o
$af, 0) = n;l T { sin%':ne}) Sin%’\m O‘)} }

* P& vai truo’ng hop b} tim duwge him ¢, vi cdc todn b vi phin Ly, Los, Las, Eyva ha.ng
58 Ay d€ =ao cho néu L1¢b = —B{a,0)/As th véi up = L1pds, vs = Lopds, wy = Lapepy s8 13
nghiém riéng cia hé phuong trinh. Bing cic cich twong tw ta tim dwgc Az = C vi céc todn ti:

82 Ee 56 26
tgto——— t ta?
L= (”’a a5 +2C [“’ adgs * ct8 "Gaaaa5+63a3393])
52 36 3¢ 5 3¢
= tplip—— 4 4 Tetg? L 2,5
L =55 +Cleteto s+ Teteho g + T + 8% o |
33 2 33 .
Lov = 50285 ~ '€ P50

va ham ¢p(e, #) tim dwoe dwdi dang:

o) = T, (ot} corima) ]

& sin{y,0) " sin{A,,a)

* P&l voi tnrér_ng hop ¢) tim dwoc ¢, vi cic todn t& vi phan L., Ls., Lac, L1 vi hing s8
Ajs 48 sao cho néu Lip, = —D{«x,8)/C thi véi u, = Licde, vo = Laode, we = Laod, 88 Iz nghlem
riéng clia hé phwong trinh. o} diy ta tim dwge him ¢.{c, 8) dwédi dang:

belad) = 3 T2, {cgas(m) C?S(Ama)}

sin{y,0) sin(Ama)

m,n
va cic todn tr vi phin
8% 2’
= 3 — —
b =Y gm5a ~ 5as
9° a3
Lae = 5237~ P
3 8
Lae = ct —_
0555 ~ Vga5a _
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Chi ¥ ring trong todn ti vi phz‘m L. chi chtra c4c dao ham riéng bic chin theo cdc bifn «
74 6 nén cdc hing 88 TS | TP, T2, (¥m, n) d8u <6 thé tinh dwoc d8 ding.
Nhw viy néu goi u?, uo, ° 13 nghiém riéng cla hé phwong trinh (3.6) thi khi dé:

w0 = Lida + Lipds + Licoe
v = Lyda + Lapds + Lzcde
w’ = Ly + Lapdp+ Lo ..

Viy nghiém cda hé phwong trinh (3.6) s€ 13 :
u=u" 4+’ v=v"+° w=w +u’
chita cde hing 8 Cipm, Cam, Cim, (8 =1+8, m=1,2,3,4,...). Cic hé s8 ndy dwec xic dinh ti

cic diGu kign bién bing cich cin bing cic hd s8 khaj tridn

5 TiINH TOAN VOI TRUONG HOP TAI NGOAI DOI XUNG VOI MAT
PHANG ¢ =

D? tinh toin, ta duwa vio cic dai lwong khéng thé nguyén

X{o,0) = X(c,8)/0,, 7((36) =Y(a,8)/0,, Z(a,8) = Z(a,8)/o,
EN(C!,B) = RN(G,G)(GU‘S), SN(Q:,G) = SN(O‘., 9)/(&09)
Rus(2,8) = Ry (e, 0)/(6®0,), Hule,6) = Har(a, 6)/(a%as),

- R = @ E 4 _ v _ w
R:—, =—, ==, uU=-, v=-, w=—,
e (209 6G a a a
Cic 3 lidu tinh to4n cho loai thép au - 659 véi cic thong s8: o, = 4000kg/em?, G = 20,
#'(s) T r B R 1
Ll = 4 =1 =—-,—=0,25C=10"% —= —
3G 0:22 s P 1160 2 e 2 Z 12C

T4l trong dwee phan b& theo dang:
. — . ¢mRa — ) -
X = X{t) cosfsin (T)’ Y =p{t)sint, Z= —plt}cosd

Céc két qui tinh todn d8i v&i bii todn (3.6), (3.3), (3.5) dwyc néu trong bing 1: chia doan
[ ] béi 21 diém, chia doan [—f, fo| béi 41 difm, doan {—2, 2} bdi 21 diém, cdc khai trién d3u

14y dén 20 s8 hang.

Tinh todn cho hai bii todn #ng véi hai diBu kién bién khic nhau:

* Bai todn 1. Twong tmg v&i disu kién bién: Céc bién cong cia dim lwéi va cdc bign doc
duong sinh twa tu do

* Bai todn 2. Tlro‘ng timg v&i didu kign bién: Cdc bién cong cla dim lwéi twa tw do, hai bién
doc dutrng sinh chiv ngam
Bié"uf d5 1 cho ta cdc hinh 4nh cda hd théng dam lwéi cha hat bai todn ¥ng véi hai digu kién
a) Hinh 4nh hé théng dim lwéi bii todn 1 véi tdi ngodi X(t) =0, p(t) =0,98-1073.

b) Hinh inth hé thong ddm lwdi bai todn 2 véi tdi ngodi X(t) = 1079, p(t) =1,1- 1073,

¢) Hinh inh déo tai thidt dién cé toa @6 § = By (trong bii todn 2): nft thi 10 & trang thai
déo hodn todn, cdc nit khic cdn & trang thii dan hdi.

bién:
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Bién ds 1

Dat 0y max = 1.22721F — 01 tai toa d8: 0, 19, 10, trong d6 ky higu E — On = 10",
Pat Wpay = —7.93658F — 01 tai toa d6: 10,0

Dat Oy max = 1.00215E + 00 tai toa df: 10, 20, 10
- Pat Wia = 3.19318E ~ 03 tai toa 45: 10, 12

TN

Qua k&t qui tinh todn cho hai bii todn dim hréi dang vé tru ¥ng véi hai ditu kién bién khic
an, ta nhin thiy ring '

S HNHHITI

& t nibt:

ST

6. NHAN XET
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- Do tinh chit cda bii todn vi céc gis thidt v sy udn cda cdc dam trong hé théng lwdi dam

én st dung & &4y phwong phip nghiém din hdi, né ciing 13 dang riéng cda phwong phap bién

hé nghidm dan hdi cda 1§ thuyét qud trinh bin dang dan déo khi qui trinh djt $4i 13 don gidn,

&i k€t qui nhin dwoe thiy ring phwong phip 1Ep trén cb t8c d3 hdi tu khé cao: sai s§ 1én nhit

itta hai Bn Mp tht 1 v3 thir 2 cda t4t cd céc dai lmmg di & mic phin nghin, con gnra. hai lan

ip thir 2 va 3 35 & mie pha.n triéu, didu ndy cung khing dinh thém cho tinh héi tu cia phwong
‘ihdp Tp ndy.

- V& cach dit té.l trén thi 601 véi bai todn 2 {bién bi ngam doc dwdng smh) sé dat cwdmg 46
tng suit ém nhit tai cic ndt gifra trén cdc bién doc dwdmg sinh. Véi gid tri t4i ngoii duwyc chira
rong bang 1 thi tai giai doan 2 b3t d3u xuit hin ddo phia mit ngodi cda niit tai gifta cic bitn
loc dwémg sinh, c¢dn véi gis tri ti ngoii nhir & giai doan 3 thi déo hodn todn. Do vng dat gid tri
&n nhét taj toa 46 ¢ = -£—, g = g Trong khi dé d6i véi bai todn 1 (bién tya tw do doc dwimg

2R
finh): vé&iclng gid tri tdi nhe d6i véi bai todn 2 thi né dat 46 ving kh4 16m (gip 8 lin) so véi 46

/ng trong bii todn 2, vi dat gif tri Iém nhikt tai toa 46 o = 3R 6 = 0. Gid tri cwimg d6 dng
mat Iom nhit dat tai cdc nibt & cic gée cla he thing dim lwéi,
Bdng 1. KET QUA TINH TOAN LUOI VS TRU

(Digu kién bién II: Twa tw do tai hai bién cong. Ngim theo hai bién doc dwdmg sinh)
Cic dai lwong tinh & didm cé toa d5: 10, 20, 10. D3 véng tinh tai dlem cd toa d&: 10,0

— $#'(s w T
Ty =4000kg/—cm y G =20, SG) = 0,224, 99='Z; ﬁOz‘i
R -5 R 1 . o o+ ” A
— =0,25, C=10"°, == _——. Chia chidu dii, réng, cao : 21, 41, 21 ditm
£ a 120
. . - . {nRa = . = :
Thingodi: X = X{t).cosfsin ( 7 ), Y = p(t).sind, Z = —p{t).cosf
Cic . Sai 88 Sai 5§
dailwong Lin lip 1 Linl3p 2  gifahailin Linldp 3  gia hai lan
leong Bp1va2 Hp2vas

Giaidoan 1: X(¢) =0, p{t) =10E—-03 (Kg/cm?)

e -1.665E-0003
o1 -9.992E-0001
O 9.992E-0001
D6 vong  -1.613E-0003

Giaidoan 2: X(t) =05E—08, p(t} = 1.052E - 03 (Kg/cm?)

€1 -1.674E-0003 -1.674E-0003 0.000E-+0000 -1.674E-0003 0.000E-+0000
oL -1.004E+0000 -1.001E+0000 0.000E+-0000 -1.001E+4-0000 0.000E-4-0000
Ty 1.004E+0000 1.001E4-0000 3.381E-0003 1,001E40000 5.114E-0008
Ps véng -1.622E-0003  -1.622-003 0.000E40000 -1.622E-0003 0.000E+0000

Giai doan 3: X(t) = 1.0E - 06, p(t)=11E—03 (Kg/cm?)

€1 -1.683E-0003 -1.683E-0003 0.0C0E+0000 -1.683E-0003 0,000E+0000
oy -1.010E+0000 -1.002ZE+0000 0.600E~+0000 -1.002E+40000 0.000E+-0000
Ty 1.010E+0000 1.002E+0000 7.375E-0003 1.002E+40000 1.798E-0007
D6 véng -1.630E-0003 -1.630E-0003 0.000E+0000 -1.630E-0003 0.000E--0000
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Téc gii chin thanh cdm on GS TS Dao Huy Bich di hwéng din d€ hoin thinh cdng trinh

niy
Cong trinh dwgce sy tii tro cla dé t31 KT 0.4 2.2
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SUMMARY

ELASTO - PLASTIC STATE OF CURVE BEAM SYSTEM
SUBJECTED TO COMPLEX LOADING

Investigation of the elastic state of curve beam syst.em had been considered in [3]. In this
paper the elasto - plastic state of curve beam system in the form of cylindrical shell is analysed by
the elastic solution method. Numerical results of the problem and conclusion are given.
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