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1. Introduction

Note that [1] the buckling of structures with immediate mechanical behaviour
of the material (elastic, plastic) corresponding to the bifurcation peints (of a state
of strain or a process of strain). However, the buckling of creep structures takes
place after a determined period of time and corresponding to the pseudo-bifurca-
tion points. In this paper the theory of pseudo-bifurcation points and a criterion
of creep stability [1] are used to solve the problem on buckling of nonlinear creep
plates according to Rabotnov’s theory of hardening creep [2].

2. Stability of nonlinear creep plate

Using Rabotnov’s theory of hardening creep, we have

L
PPy - S Ad" 18;; =0, (2.1)
3 Sy
where 2 3
o? = 2 5i 544 P? = 3 Fii P

o, P - stress intensity and creep strain intensi.ty;

P;; - creep strain components;

S;; - components of stress deviator;

E,‘A, o, n - material constants determined by experiment.

Assume that a?j. e?j, WO - stress, strain, deflection in the basic state.

oij, €ij, W - stress, strain, deflection in the adjacent state such that the
“stimulus”
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— 0 0
Aa"j =045 — ai]' < at‘]"

Ae,-j = €5 — e?j < e?j,

AW =W -W° < WO,
We shall use the basic equations in terms of “stimulus” to solve the problem
on creep stability of rectangular plate ‘(a > b) with simply supported edges and
compressed in the direction of long edges.

e Geometric equations
Aeks = —zAWks (2.2)

¢ Relations moment - stress
h/2

AM;; = / Aagjzdz,‘ h — thickness. (2.3)
—h/2 ‘

¢ Physical equations

Using the theory of pseudo-bifurcation points of N-degree, from (2.1) the
“elastic analogy” can be written in following form [1], [3]

Ao = EijksAeks (2.4)
where B "
i~ oo ; 0{j0ks
Bijro = o | SN (Birso +6i56ks) = KZL32 |
ijks EP + Nao L3 ( tk¥5s + 7 ka) o2 (2 3)
EP|[N(n—-1)-1] .. '
I8 = k,s=1
EPn+ ac(N +1)’ Ko ¥ =
¢ The equilibrium equations
ANi;; =0
U . (2.6)
AM,'J',;J' + NijAW, i; =0
From the equations (2.2), (2.3), (2.4), we obtain
. i n:
AMi; = ~Eijka AW o 7o (2.7)
From (2.6). we have :
AM;ji; — hoi; AW ;; =0 (2.8)
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Using the criterion of creep stability (N = 2) [1], and substituting (2.7) into (2.8)
we obtain

3. . 00k EP +2a0
ZAW,"J','J'-— Z ";2 - AW}'__jks + gma‘ﬁAW’ﬁ =0

whence

AW  _d*'AW  9*'AWN 3_3*AW EP+2a0 AW

2( ozt * 262:231/2 " ay* ) I ZK dzt T4 Each? M 9z2 ¢
For simplicity, we neglect the symbol A in AW, we have
W w W 3_ oW EP + 2a0 9*W
2( az4 +26:z;26y2 G y? ) 47 9zt i Eah? 9z2 ? 29

For the rectangular plate simply supported we find solution of (2.9) in the following

form:
mnz T

W = C'sin sin 7)!1 (2.10)

a
Substituting (2.10) into (2.9), we have

m? /m2b? a? 3 m* EP+20 m?
——(—— + 2 ————)——K—— =0 2.11
2a2b? ( a? e m2b? 16 at acrg a?b? )
Denoting
b2
/\=m2——, L_l(A+2+l), w—i’
¢ ¢ 4 e (2.12)
L _é1r2Eh2 J_EPn i =0:8)
E 9 b2 3 i oo ’ u ey
then from (2.11) we get
3 EP[2(n—1)-1] J
o —(— 2 ):0, 2.13
16 EPn + 3ac n e ( )
i J 3xJ(2n-3
HL —aud) — J_32J(@n=3) _,
n 16n J+ 3w
Performing transformations, we get
3 .
JE+J [ —2n(L — w) + 3w — 1—6’\(3 - 2n)] —6n(L —w)w=0. (2.14)
The positive solution of this equation is written as follows
g 1 ,
J= gt gV 0% + 24nw(L — w) , (2:15)
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where 4 5
6 = EA—w+2[n(L—w) —-—w - I—GA(n—l)].

The particular points of a process of strain corresponding to the minimum value
of J, i.e. the derivative 3J/0A must be zero, we get

oL  3(2n-3)J

ax  32n(J + 3w) (F:10)
In other side, from (2.12) we obtain
oL 1 1
=1 5) (2.17)
Then, from (2.16), (2.17) we have
3(2n -3)J 1
8n(J +3w) - (18)

Bw=1, the’buckling occurs immediatelly and J = 0. From (2.18) we have A = 1. -

If w = 0 from (2.18) we get
1

\/ 1+ !
2n
We find that the relation J ~ w in (2.15) is an approximate straight line on the

plane J ~ w connecting the point (j = 0, w = 1) to the point (Jy,w = 0), (in the
case w = 0 we have the value Jp).

On the basis of (2.13) and (2.18) we have

in= (2.19)

3 2n-3 Jo
2 —A - —— =0 2.20
st 16 n n ; ( )

then from (2.20) and (2.19) we get Jo = nQ, where

1 9
=14+ =¢/14+— 2.21
Q=1+ 3 (2.21)
Denoting n = — = , the approximate straight line in plane 7 ~ w is written
n (8108
in the following form (the critical equation):
n+ Qw = Q. (2.22)
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From this it follows that

ol Q — Qu,
where QU )
— w)ao
P= - = (2.23)
From the relation of hardening creep (2.1) it follows that [3]:
PP = Ac™. (2.24)
In thisrcase o = const. We have
P*dP = Ao™dt —» t = L i (2.25)
B "~ (a+1)A40" '
Substituting (2.23) into (2.25) we obtain the formula for the critical time
. [aQ(O'E - a)]a+l
for = Ala+ 1) Ba+1on s
where
4n2h2E 1/ 9
UE—-§ 2 Q——1+§ 1+% (2.27)
3. Example

Determine the critical time for a plate made of Aluminum D16T at a temper-
ature 250°C with following mechanical characteristics [4]

h
E=59-10*N/mm? A=9.10", n=136, a«=0.36 - =0.0l.

b
First we determine the critical stress defined by Euler’s formular for the plate
- 4 En?h? 2
OB =g~ = 25.8 N/mm

with the help of (2.26) we find the critical time.
They are given in the table

g
0 5 8 10 12 15 18 20 22 25 258
(N/mm?) '
w:;‘-’— 0 019 031 0.39 047 058 0.7 0.78 0.85 0.97 1
E

Lops oo 26.53 11.31 7.11 4.61 2.44 1.22 0.71 0.35 0.035 O
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Construction of Diagram w ~ t.,

g 5 0 15 20 t.,
4. Conclusion

Using Rabotnov’s non-linear creep theory (the theory most supported by ex-
periment for metal) and Cliusnhicov’s method to study creep stability the authors
of the paper have considered the problem on creep buckling of plate and estab-
lished the analytical formula for critical time (when the buckling of plate takes
place if the load is given). From this formula it is seen that the buckling of the
hardening creep plate occurs by any load, i.e. not exist the long stability limit.
This is corresponding to the nonlimiting creep property of metal.
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SU MAT ON DINH CUA TAM TU VAT LIEU TU BIEN PHI TUYEN

Dé gidi bai toan 6n dinh cda tim cé tinh chit tir bién phi tuyén dwgc mo
td theo thuyét tir bién tai bén cda Iu. N. Rabotnov, cic tac gid bai bdo st dung
phwong phap xiy dung “cic twong tw dan héi” va tiéu chuin én dinh tir bién cta
V. D. Cliusnhicov. K& qud la tim dwogc bi€u thic thoi gian téi han cho phép xéc
dinh thoi diém t4m it 6n dinh véi tai trong xdc dinh cho truéc. O day cho thay
do tinh chit tir bi€n khéng han ché cia kim loai, t&m c6é thé mat on dinh cho du
tai trong nhé bao nhiéu.
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