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ON DINH CUA BAN. MéNG THEO LY THUYET QUA TRINH
BIEN DANG DAN DEO VOI VAT LIEU NEN DUOC

PAO VAN DUNG

Vin d8 én dinh cda bin dan déo chiu qué trinh tii phirc tap d6i v&i vt ligu khong nén du'crc
da dwoc nghién cdu trong: |2, 4]. Bai ndy nhdm xiy dung hé cdc phwong trinh cho bai todn én
dinh din ddo cla bin mdng chiw qud trinh $31 phirc tap, d6i v4i vit lidu nén dwoc, ddng thol xé
vi du bin bi nén theo mst phwong. Tir hé thirc chung di cho 6 thé nhan lai cdc k&t qui d&i véi
bin dan déo v&i vt liéu khéng nén dwoc [2, 4], hodc bin dan déo nén dwgce khi dit $41 dom gidn
(3], hojc ban din hbi nén dwee [3].

1. BAI TOAN ON DINH

Xét bin mdéng chit nhit canh a, b, chifu day h. Vit hiéu 13 nén dwoe. Dwa viao hé toa 46 DB
chc vudng géc oz, 352z 8ao cho truc oz, ory nim trong mit phing trung binh cla bin, truc oz
vudng géc véi mit phing ndy. Gid st két ciu chin tdc dung cla cdc lwe ngodi p;; thay ddi thy ¥
theo mét tham s8 tdi ¢ ndo diy. Vin 48 dit ra 1a xéc dinh gid tri t&i han £, va twong dng 13 cic
lye t&1 han pf; sao cho khi virgt qud cdc gid tri ndy thi két ciu bi mit én dinh.

Pé giki bai todn Sn dinh, s& s dung Lidn hé dmg sust - bifn dang theo 1 thuy&t qua trinh
bi€n dang dan déo [1].

Skeeke

Sy = A Sij + Béyj - (1.1)

u.

2 o
trong dé6 A=¢'— N; B= gN;N: =
s
Dé thuin loi cho vide gidi bai todn 8n dinh d&i v&i vit lidu nén dwoce ta tim cdch chuyén hé
thitc (1.1) v& dang khdc nhw sau. Truwdc hét tir gid thidt tdn tal trang théi ¥ng suit mang trong
bin ta ¢d
o1 #F 0, 023#0;, 012#0; ciz=op3 =033 =0 (1.2}

Vay
o= %(011 tog); oy = (6’11 +ng ay1022 + 3019)1/2 {1.3)
Hon nra 6 hién hé
Sij = 6u — 68ij; &y = €iy — €6y 6 = 3K: (1.4)
Khi d6 (1.1) dwoc viét dwéi dang

2611 — G2z _ Asﬁceéke (2_011,.— 022) + Béii _ B&n + 022
3

3 75 9K
2092 — 611 Skeere (2023 — 011 . d11 + Faa
= ATRER (20T o py, - pTR IR
3 o2 3 b 9K
. Sheéie .
1z = A 013+ Beyy (1.5)
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Mt khic

Skebre = (ke — 06ke) (Ene — E0k) = Ousbre — 308 = Opsfpr — 3K (611 + é22)
Thay ﬁq-hé thire (1.5), déng thdi tir hai he thie du xic dinh dwoce 611, G20, sau dé tir hé
thirc thi ba tim dwece 415, Sau mot loat tinh todn nhin dwoc lign hé twdrng minh gifa t8c 46 dng
" sudt va t8c 43 bign dang

. Oke€ i ) .
011 = (D11011 — Diz0a2) kizke 4 Dy3(2611 + €22) — Diafsy: + 2€92)

uw

. Tkek . . : .
622 = (—Da1011 + Dasoaz) ;;e — Doa(2611 + €22) + Daa(£11 + 2€22)

t

o12 = Ds1o13 Ukefke — Dy (2811 — €22) ~ Daa(€11 + 2€32) + Dssérz
t(Lk,z: 1,2) (1.6)
& day
Pu=G(ih i rasgn) s Pe=gligAsis)
D= G spAsEE) s Pu=g(5g tAsgs)
D %(5{—+A§§%) i Doy = %(1+§%—+A;;:3) ;
D=5k T AiReg) P Gl Rt AE)
Dy =A- (%2-) —————(0113;;,;52)0 i Dag= gA;;??a ;
Dss—g 30;;22 i Dy =B
C= (1+2£;{~+A;;;% +A30;i%) ; ‘ (1.7)

Tiép theo st dung lién hé (1.6) 48 xiy dwng hé cde phwong trinh 8n dinh cha bdn cﬁm déo
lam bing vit liéu nén dwoc. ‘
i \ ~
2. CAC PHUONG TRINH ON DINH

1. Céc hé thirc tim trang thdi trwée khi mat dn dinh
D& tim trang théi ndy cin st dung lién hé vit Iy (1.6), phwong trinh dd dai cung cha quf dac

bién dang
i—: = l/é—i[( 11 — E92)° + (622 — £32)° + (€33 — £14)% + 665, /2 (2.1)
"vi cAc phwong trinh c¢in bing 5 7
oo
wa"f» =0 (2.2)
Cing vé4i cdc digu kign bién _
, oiyn; =P : (23)
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Hé diy d4d cdc phrong trinh trén cho phép tim dwoc trang thai dmg suit bién dang trudc 6
han. Biy gi& ta xdy dung hé cic phwrong trinh dn dinh theo tiéu chuin ré nhanh trang thdi cin
bing cia bin.

2. Céc phwong trinh én dinh _
St dung gi4 thift cia A. A. Iliusin xem ring 6 N;; = 0 dbng thot khong xée dén sw xuat hién
mién cit tii, khi dé phwong trinh 6n dinh cia bdn mdng ¢é dang

%M,

Y SV | 2.4
aI,;aZJ' + N‘I.J X!J ( )
St dung lién hé

Seiy = bt — Zxir; _ Hw 2.5
Eiy = 5{_—,‘ e Xir 6X1'_1' - m { ‘ )

trong d6 e}, 1a gia s8 bidn dang vé ciing nhé cda mit gira, fw 13 gia =6 do vong.
Twong ¥ng véi gia s6 bién dang 14 cdc gia 58 dng sudt dwoe xde dinh ir he thae (1.6)

Trebe
§o11 = (D11011 — D12022) ke 5 Ry Dy5(28eyy + be90) — Dia{be11 + 26822);
Trel i . .
‘5‘722 = (—DlzJu + D220'22) o2 ~— — D23 (25611 + 5522) + Dg,q(osll + 20&‘33) 3
u
Tredeke _ .
boy2 = Disorn — Dyp (26211 + 5‘622) — Daa(beyy + 28eaz) + Dagbern ; (2.6)

2
Tu

Cic thanh phin gia 88 md men dwoc tinh bdi

. h/z
i Tpebw
|5M11 = / Z@cr“dZ = _E{[Dliffll _ DLQGEE) ktaz ,ki‘+
—h/E w
+ D13(25w‘;1 + 5w‘29} - DJ_4[5‘LU_11 + Zﬁwygg)])‘
hj2 .
h N
OMaz = / 260229{2 T [(—DQLUM + Dwgﬂ)__wﬂuggﬂ_u -
—h/2 u
— D23[25w,11 + 5w|22) + D24(6'LU_11 -+ 2511;‘22)];
h/2 X
h 5
Mz = [ 2801242 = 12 [Dmmzak"-g;”-ke — Dso(26w 1+
—.h/g u
-+ 5w,22) - D33(5'LU,11 + 251‘”2'2) + D346w‘12l; (27)

~ Thay (2.7) vio (2.4) va chd ¥ Ny = —hF,;, sau mdt s6 tinh todn nhin dwge phwong erinh én
dinh d8i vé&i ban mdng din déo véi vt lidu nén duoe.

dtbw 346w 46w N atsw 846w+
o o a " e ——
L 9z} zaz:{c?:zg 333:?8::% 45213$% ¥ gxd
9 82w 36w 826w
+M(P 2 4 2P., P ):0 2,
h2N(s,04) H dz? 1"azlazg T 922 (2.8)
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trong dé

3 g
@y = —— [(Duffu - 012022)% +2D; - Du];
aN
3 0120713
g = —— (.D110'11 “Dizﬂ'zz)‘“—“‘Fsz‘*‘—‘**‘iDaz_2D33 )
4N al Ty
3 2 git
@ = o [(Ducrll — Di3093) ;{ + Dyy ~ 2D14 + (= Dgyoyr + Dzzaz’z]é—
ia
—2D33 + Doy + 4931;7 + 2D34];
o = [2(—D21o’11 + Dzzozz)?; 2D5, l; 2 2D 4D33]5
3
@ = [( Dyyoyq + Dzzazz) — — I3 + 2D24] (2.9)

Nhwr vay gidi bdi toin 8n dinh cda bdn din ddo v&i vat lidu nén dwoc quy vé nghidn ciu ddng
thiri hé (2.8) vi {2.1) cling véi cic ditu kién bién di cho. Ap dung phwong phap tham s& tii [2}
ta ¢ thé xdc dinh lwe t&i han cda bai todn an dinh.

NHAN XET ‘
a) Néu vis liéu 1a khéng nén dwoc (tic Ia K — oo}, tir {1.7) nhin dwoc

2
C=1 D,=A=¢-N; D13=32§N; Dia=0D1,=0

2
Dyp=A=¢'-N, Dy=B=_N; Doy=Da=0

D31:A:¢’_N; D34=B=-§-N; D32=D33=0
ddng théi tir (2.9) suy ra
: 30, o3, 4,0 3 '\ ol
=gy MR g = g (- )T
_ 3 0110‘12 ' o11012] _ #'\o11012 |
@ = gy 20 - M7 g5 TAE N J=-s(1-%) oz
3
as = L [ - NI LN (- )T A gy - N) %1z + 5]
4N O'u u 2
- #yof, 3 ¢' T11022
—2—3(1*N)§‘5(1-N) o3
_ 0220’12 712022 _ _f’: 72012
= o [2(¢ N) T oy - W) J=-3(1-%) el
_ 3 ’ ‘7%2 b ]_ 4 ¢’ % .
a5_4N[(¢ N)ag+3N “1_4(lﬁﬁ)a ’

D& ding nhin thiy phwong trinh (2.8) trd v& trwong hop bin dan déo véi vit lidu khéng nén
duoc [2, 4. '
b) N&u ban 13 din hdi v&i vit lién nén dwec, khi 48
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Tir dé suy ra A= 0, B = 244 D“ =D = Dy = Dgg = [ = Dag = Dgg = 0. Thny A vh

v
E vi v béi cong thive p= ——m— : h = — 22 Uio (L.7), {2.9) nhidn duo
¢ qua E vi v bdicdng thic o 2(1+u)’/\ T+ =2) Yao( }, (2.9) nhdn duge

3(1-v) E(2—v) CE(1- )
_ ——— = - ———— D = ) = —— 5
C 1+v 3 D13 D24 3(1_1/2) 1 14 : 23 3(1__ Vz)
1 0 1 1
= —— = = M (s = H e =
o) 2(1*"1'/) 1 a2 =71 1 3 1'*AV’ 5 Z(I“V)

Trutrng hop nay lién hé vt Iy {(1.6) ciing nhwr phirong trinh on dinh {2.8) trd v& cac hé thic
quen biét cda bdn din hdi véi vat lidu nén dwoce (3]
¢} Trwémg hop dit tdi don gidn d6i v&i ban din dédo ta ¢ ¢' = ¢'(e,); N = Tu , nhin dwoc
’ El.ﬂ
hé thi¥c twong tu trong (3]

3. BAN BI NEN BOTLUGC NGOAI THEO MOT PHUONG

Xét bin mdng canh a, b bi nén theo phwong ox; bédilwe nén Py; = P(t). Bin twa ban I8 tai
cde canh 2 = 0; a; ¢z = 0; b; khi d6 trang thii trwée khi mat én dinh dwoe cho béi

' 1
o11 = -P({t); oiz=022=0; o,=on|= Pt} g =200 (3.1)

Tir idn hé vat ly (1.6}, ta tinh dwoc €;; qua oy tic 1 qua P(t) nhw sau

—P(t)

. P(t) /2B 24B  B?
fu=— D”HD“ 775"1 o T orc T SKC)'
. Pl ! 9AB  B? \
E””%%””zmﬁﬂw—%gb‘@f“ﬁﬁ;
. Py Pl)y Pt} P(t)/B 4AB 2B\
5333—"(—)+—Q(D2L+D33_+D24):— () () = + =

3K K , 3K T A \C T 9KC T 3KC

H

0;

= (Dyy +2D13 — Dyy}(—Das +2D34) = (Dys — 2D {(— D2y — 2045 + Doy}
| (3.2

Luu ¥ ring D;; 12 him cda s vi 0,5, do viy né la ham cia s va t. Do dé phwong trinh d8
dai cung cla quy dao bién dang nhv sau

ds 2r.. . ) . 1/2
7 —\SC [[511 — €22)% + (€22 — 533)g + {ésa—en1)° }

Thay &;; trong (3.2) vio diy, sau khi tinh todn ta cé

RGO R B C S

P(t)3B[P(t) P(t) ZAB B?\qy1/2
- HOSBIR A A ) = ra (3.3
v
20, 2P(1) ] 2 Pft)
B=35 =3, A=¢#ll-37




Phwong trinh dn dinh (2.8) dan vé

3w 3* 5w 35w 9 %8 w

o1 dzt aaBI%Gr% + 0[5_8;:“%— + RN P Az3 =9 (34)
trong dé
3
ap = (D +2D13 - Dua)i e = 75 (= Das + 2D24)
ag = ;E(Dls ~2D14 — D2y — 2Das + Doy + 2D3y);

Tim nghiém (3.4) thda min diéu kién bién twa bin 18

TLy . NNIp

(3.5)

. m
4510 = fruﬂ 51
a

Thay vio {3.4) va tir didu kién tdn tai nghiém khdng tim thwdmg, tic 13 fiun % 0, nhin duoc

(mﬁ)‘i% (mvr)z(mr)9+ (rwr)‘1 9P (rmr)2 o (3.6)
oy | — ag| —— —- sl ) — m={—] = 3.6}
g N\ a b b RPN\ a
a 3, e o
Dit o = A la 45 ménh, ta viét (3.6) dudi dang
2N 2 . 2
iZ: il [al(m> +053n2+a5n4 (‘a—) ] {37}
P [04 T
2 2
Cwe tiéu héa +° bing cich dit X = (E) vin =1 vi tinh Ezm- = 0, sau mét 38 tinh todn
m T
tim dwoc
o 27N
3% = ~—-P (\/al&'g, + &3) (38)

Diy 1a phwong trinh phi tuyén d8i véi P va s. Vivay dé tim P, (tGc 1a t.) ta phai k& hop
véi hé thire (3.3).
Né&u ban vudng thii? cwc tiéu khi m = n = 1. Viy tir (3.7) nhin dwoc
~ wN

12 = P (al + a3 + 015) (39)

NHAN XET
Hé thitc (3.8) bao qudt cdc trwdng hop bdn dan hbi vi dan déo khi dit tdi don gidn véi vit
li8u nén duwoc va bin din ddo phic tap véi vit lidu khéng nén dwoec,

1
a) Ban dan hdi : 20, = 205 = a3 = T2 ‘
- ¥
Thay vao {3.8) nhin dwoc [3]
2 Eh?
P
3{t — p2)b2
N Y R . R 1 3¢ ;
b} Bdn vuéng din déo khéng nén dwoe, thi K — oo; o) = n + TN 2; &g = 1, tir (3.9)

nhin dwoc k€t qua trong [4]



¢) Bdn dan déa chju qua trinh dit (41 dow gidn, ta cd

i

[ —

*E”l . ] 2; Xr, =1

e | o
=
14

m
i

Hé thire (3.8) trang véi k&t qud trong i3

KET LUAN

Ciéc hé thitc co bdn da dwoe xiy dwng & trén, cho phép ta nghién ciru bai todn n dinh din
déo cida bin mdéng lim bing vit Liéu nén duoc khi chin qua trinh tii phive tap.

T4c gih chan thanh cim on GS T8 Dao Huy Bich di hwémg din cdng trinh nay. Cdng trinh
diroc hodn thanh véi sw tdi tro cda DE ti nghién cdu KT.04.2.2.4

Pia chi: Nhin ngdy 17/9/1994
Trudng Dat hoc Téng hop Ha Nii
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SUMMARY

STABILITY OF THIN PLATES WITH COMPRESSIBLE MATERIAL
IN THE THEORY OF ELASTO-PLASTIC PROCESSES

In this paper is given a system of stability equations of elasto-plastic thin plates made of
compressible material. These stability equations are a generalization of ones in the theory of
elasticity and the simple processe theory
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