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1.1

1.2

B

F(X') = F(X\ X2, - X0 (n
F(X) = f(x1,%2, xn) (vi €EXLi= 12 -n) (2)
(18],
F(l)(Xl) _ MXI (3)
T oxl- xtY
2
(2) 1 — 1 - & 1
F7(X) { XX JXs, (4)
Xi= [1,2],X2= [510],X5= [23].
F(X) = %xs, (x1 € X1, 2 € X5, %3 € X3). (5)
[- 12, - 4/3] [-1,- 2/9].
1 , , ,
{f(xl, X2 ), xi €EXLi= 1,2 r& S F(XL,Xb - Xn). (6)
F(X) f(x),x €X' X'= [a, b], X' N
X'
I (i=1)(b- a) [(b—_a) .
Xi= |:a+ L N a,a+L Na] (i=1,2 -wN),
N : x €X', X! I ¢
{Fx).x €XY7 FexY),
F(X')= F(X1,X3 -, X), Taylor el
F(X')= F(Xi X3 . X5) + a—F‘ AXjer, (7)
i=1 Xi X°
ei= [ 1,1]. , F(X' 1 ,
(4) AXi , (7

f(x) = x(x=1),
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(x €70,1/2] :f (x) [~ 0.25,0]; f(x) [~ 0.5.0/;
8 f(x) [~ 0.281,0], 2%
f(x) [~ 0.251,0]; f(x) [~ 0.313, — 0.063];
( 8) f(x) [- 0.251, - 0.001] .
2
KU= R,
K(a" ) U= R(ad'). (8)
[6] ,
a'= (a\, a3, - am),
9
ah = [ar, @] = [ ar— Aar, ai+ Aaf (r=12 -sm). )
ar(r= 1,2, «ym) Li(r= 12 -m),
= [a+ 2(p-1)ba/Ls, ar+ 2pAa/ L]
(r= 1,2 omip= 1,2, - L), (10)
j= L2 . L
1 1 1 1 k = 17 27 A LZ
a; = ((llj, A2k, =+ am'[)a . »os= L2 - (Lily--Ln). (11)
q = 1, 2, - Lm
a139 Kix(als) Ris(a£)7
Taylor
. 1 - . ¢ KLS Aar .
Ki(a\) = Ki( @) + Zaaa, oL (12)
) Iy _ . c < Ris Aa"
Ris(as) = Ri(a;)+ Lda | L, o (13)
eir = [- L 1]. ;
K.(d\) = K(a)+ AK, (14)
R(d\) = R(al)+ AR, (15)
. ~ n m ﬁ Aar .
AKS B igrzéar a" Lr éir (16)
Aar
Bl J (1)

AK. AR\ K.(a\) R.(al) R(a:) Ral) ,



474

U=- K'(AKU- AR)!Y

0K, . OR; a,
AU = ZZ[ K.'(a9) {ar “_ﬁa}i] , (18)
Ki R Ki R, U- ICI(a.?)-RS(a.?)- .
U= m.\in(U(;— AUL), (19)
U= max( Ui+ AUL). (20)
(18) K(a5) , g
: K(a") Ki( ai) ;
, , s Mat
lab
ol = DlBl(ul)e: Sl(ul)e. (21)
o,= D'\B'(u')f = S\(u'), (2)
. D\ = D(d\) (') .8i= D(a\)B'
BI
0= min( 0;), (23)
0 = max( 0. (24)
, (u) D(a:) B . (u'), D(as) B
3
, , (18) ,
AU = _ZZ[ K'(a) [aK U(M (na) =
S| w2 o] [ oom -
K,
n. |:—I(( ){a }}}(Aa) (i= 1,2, -, n).
, - K (a(’) a‘a“ U(J} ‘ ,
C EmlaXH:— Kﬁl(ac) aa% a(_l](Ji| (L: 1, 2, .y n) (25)
ry(€AUY (] C ) : L
Auj= nCAa/L, (26)

L = nCAa/( Auj), (27)
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Aa , n 5
(25) ; Ay , uj , € Auj = €l ujl
(27) , .
L, = nmC Aa./( Auj) (r=1,2 .,m), (2)
1 Aa, r , L, r , m
4
4.1
K= T/T (29)
. : = ¢+ Otan® ¢ ¢ ,0 T
ol T,
K'= (¢- dtan®)/ T, (30)
: 0>0 0= 0= (;0.0< 0, 0= 0;K'
4.2
K = er\ ZT. (31)
’ oI TI
K'= Sie- dan®)\ DT (%)
5
1 1 , :
E=21x10"N/m’,L=1m, 1234 A=10x10"m’, 56
A'= [1.0x10°% 1L.1x 1007 n?, P'= [20,21] kN.
€= 0.05, Lr = 1.0, . 1
1 mm
L2 Mont e-Carlo
Uo; min( u;) max( u;) min( u;) max( ;) min( u;) max ( u;)
Uy 0.858 5 0. 69 1.03 0.817 6 0.902 4 0.816 1 0.908 0
iy 0.3267 0.26 0.40 0.3136 0.340 1 0.313 5 0.3399
Uy 0.8958 0.73 1.07 0.853 8 0.%08 0.852 3 0.939 3
Uy - 0.3111 -0.38 - 0.24 - 0340 - 0.2984 -03239 - 0.2982
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2P -1.5P)
i L ,
P ©) 2.5P
®
) @] 0.8L
2 2 )
® E=24x10"MPa B= 0.1667 Y= 24.0
1 ® A Y kN/ m’, F 300 kN/ m; E= 20x
[ , T 10°MPa L= 0. 25.
l 0.6L I 5
R E=/1.015] x10°MPa HF= 0.25 Y
; = 2L.5kN/m’ ¢ = 0.1 MPa ®= 32,
0. 02 m.
) x , y ; 3, &
80 , 4 ;
2 3
€= 0.05, Li = 64, 64 2 3
0)’ Tx}’ ° 4
2 o, (MPa)
E=[1.Q 15 x 10 E= 1.0x 10} E= 15x%10°
57 [6.913, 8.892] x 1072 7.920x 1072 8.030x 10~ 2
58 [- 11.0%6, - 9. 164] x 1072 - 9.79x% 1072 - 10.210%x 10" 2
39 [- 8.457, - 6.784] x 1072 - 7.912x 1072 - 7.500% 10~ 2
i) [~ 29.895, — 26.706] x 10~ 2 — 28.648% 1072 - 28.720% 1072
2 3 s
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(1]

(2]

(3]

(4]

(5]

3 T, (MPa)
E=[1LQL3x 10 E= 1.0x 10° E= 15x 10°
57 [22.612, 26.424] x 10~ 2 23.934x 1072 24.786% 1072
8 [7.871, 9.739] x 1072 9. 172x 1072 8.35x 1072
R [8. 132, 10.049] x 10~ 2 9.259% 1072 8.778% 1072
60 [16.103, 20.217] x 10~ 2 17.785% 102 18.230% 10”2
4
E = [1.0,1.5] x 10°MPa E= 1.0x 10°MPa E= 1.5% 10°MPa
57 [0.378, 0.442] 0.418 0.403
58 [1.615, 2. 148] 1.755 1.960
59 [1.417, 1.879] 1. 614 1.673
i) [1.320, 1.781] 1. 569 1.533
[ 1.003, 1. 295] 1. 146 1.147
2 2
2
5
2 2 2 2
2
2
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Interval Finite Element Method and Its Application on
Anti-Slide Stability Analysis

SHAO Guoijian', SU Jing-bo’
(1.Department of Engineering Mechanics , Hohai University, Nanjing 210098, P. R. China;
2. College of Traffic, Hohai University, Nanjing 210098, P. R. China)

Abstract: The problem of interval correlation results in interval extension is discussed by the relation-
ship of interval-valued functions and reat-valued functions. The methods of reducing interval extension
are given. Based on the ideas of the paper, the formulas of sub-interval perturbed finite element
method based on the elements were given. The sub-interval amount is discussed and the approximate
computation formula was given. At the same time, the computational predsion was discussed and
some measures of improving computational effidency were given. Finaly, based on sub-interval per-
turbed finite element method and anti-slide stability analysis method, the formula for conmputing the
bounds of stability factor was given. Which will provide a basis for estimating and evaluating reason-
ably anti-slide stability of structures.

Key words: interval correlaion;, interval extension; computational precision; interval finite element
method; anti-slide stability



