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P - E} Xl 7&.7'% >
X'= [ex]. X' 5= AX/XC, A = (x - x)/2,

X= (x+ 1)/2. X's [ax] Y= [y.y],

X' Y= [a.x]+ [y.y] = [a+ y.x+ y],

X'= Y= [ea]- [y.v] = [e-y.a~ y],

X'x Y= [x,x] X[y, y] = [min(xy,xy,xy,xy), max(axy, xy, 2y, xy)],
X'=Y'= [x.x] Sy, y] = [x.x] X[y, Vy],  O0E[y.y].

(1)

, X'x(YVxZz) cx'x Yxx'x

A , , S
F :
{f(xl, Xy s xn ), €XLi= L2 r} S F(X1, XD - Xn). (2)
[9]
[9-10] [11]
[9,11- 17]
[ 18- 24] [25- 26] [27- 29]
Rao 91
K'u'= R (3)
.K'= (Kj)=[K.K]= ([Kj,K;i]).R'= (R})= ([R.R])= ([Ri.Ri])
Qi
Au'= (Aul)= ([- Aui, Aui]), i= 1,2, - n, (4)
Aui= (Auii) =1 QI (AK| u‘l+ AR) =

(S50[St ire )], 5

Aui = (Awi) =1 Q| AKAui-1 =

[Z| g | [ZAK”Au(j_UJ], j= 23 un, (6)
s= 1

| Q1= (I qy"l),yl u'l= (1 uil). (7)

, . Mawilliam! "™

[13]

Chen [14] [ 15]
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K(d)U = R(d'), (8)
U= min( Us- AU), (9)
U= max(U§+ AUs), (10)
8Kl-s aRL;‘ AQ,
AUy = [ K'(af) {8% a‘;U Oa, a} _,} ’ (1)
Kix Ris Kis Ra\ 7Lr
.S LU= K'(C)*R(a). L
, Qiu U8 ch 1]
’ [ 20] 20 Moers 12
[ 23- 24]
Ben— Haim' ®~ %
N
{Pl,Pz, - Pw}, (12)
, Pi Pio(i
= 17 *y N) )
Pi- P Py= P Pyv- P
Cr(a) = ‘ 1 0| . 2 20 T N , N0 | & gy ’
Po Px Png
a= {Gl, az, - GA}, (13)
a; , P; .
, _ [27] ’ .-
I, .
{xbxz, x} , xi € Xi(i= 1,2 -, n),
M= g(x)= g(x1,x2, - %) (14)
g(*) x(i=1,2 ..,n) , M
) MS  AM,
N= M°/(AM), (15)
I]' 2 2 2 I]'
Juhachi  Satoru s
. Nakagiri  Suzuki' ™ ,
, Lagrange
q!
s.t. K(a)U= R(d"),
a < a{), (16)

ljial c lj%;
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I 1
D a ,

, Ueal K(d)U= R(d")

K(d, U)U = R(d"),

, K , R ,al
U ,
max/min U,
s. L. K(a)U= R(a),
a € a,
max/min 9,
s. 1. 0o°= DBU’,
K(a)U= R(q),
a € ad,
, 0° ,D ,B
2
2.1
[ 34] , n

X = \{%x1,%2, ---,x,}, xj
Y= {yl,yza --aym},
[jﬁ’yi](i: L2, .ym).

Y,

y1 SOuxi+ Ox2+ -t Ouxn Sy,

¥2 < Ouxi+ Bovz+ -t O2uxan <y2,

Ym < Onix 1+ Onoxo+
D) elj(L = 17 27 A ) m;j = 17 27 A ) n) ]
X~y ,

st 6mnxn <yma

.Ut

[29]

[32]

[33]

>

[x, %] (j= 1,2,
¥i

)

(30
(17)
(18)
(19)
(20)
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Y1= yi(X1, X2, -5 Xn),
2= Z(xlp 5\72; ) xn):
Yy Y (21)
L¥m = Ym( X1, %2, -3 Xn) -
Taylor )
-
% c Qﬂ ¢ aﬂ ¢
yr= vt 3y, X(_(xl— x1) + s Xc(xz— x2) + -t ox, Xu(xn— xXn),
y2= ¥2 X“’+ dx X(_(xl— x1) + 3% X(:(xz— x5) + et ox, (xn— xn), (2)
% c a [m c a [m c
\ym— Ym X"+ o X"(xl_ x1) + s X(_(xz— X3) + et ox. X(_(xn— Xn),
¥y SOnxi+ Opxo+ -t O, + yilx = (Onxi+ Onxs+ -+ Bx5%) <y1,
y2 SOuxi+ O2xot ot Ouen+ y2lx— (Oaxi+ O2ad+ .t B2uwh) Sy,
\}_’m <9m1x1+ On2x2+ -4 Onwn + Ym | xe— (ernle+ em2x5+ ceet emnxl(;) <ym,
(23)
, 0= (0yi/0xi) I x, X = {x‘i,xzc, x"n} ,
el] s
xj(.]: 15 27 AR n) [&l’ xj] yi(i: 17 27 AR m)
[yii-yiils [yijyiil [yi> yil
O = (vij— yii)/(yi= yi). (2%4)
6; % yi : [yi» il [yisyil .
0< 6 <1. 0; o , X yi ,
Xj Yi ’ el] 1 ’ xj Yi
s xj yi
g,
X1 X2 e Xp
O O - Ouf yy
P I TR PR P
0= A (25)

Ot O oo O ym
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2.2
x; : , (18)  (19)
xj yi [yii»yiil-
. (18)  (19)
[yisyil-
2.3
2= x4+ 10y,(xEXl,yEYl,zEZl,x y 10, z x
y , x oy ). = §=01 |, X'= 79117,
Y = /9 11], z'= 1171, 231), x z
[ 181, 221], y z [ 190, 210/, s X,y z
O 6, Y3 /3, z y z
6=01,8=03 , Xy 2 6 6,
49 5/9, % p y . _ -
0.0, &= 0.01 |, ¥ : O Oy Y3 1/3,
, x z y z . :
. 0,
3
3.1 Duncan- Chang
3.1.1 Duncan— Chang JF & 1 5 M A A L A gl
, O3 (01— 03), & &,
(01— &) - & , 1 . , . 03,
(01— 03)— &
Ol— 03= &/(a+ b&), (26)
,a b
&/ (01— 03)= a+ bé, (27)
&/( 01— 03) , & , , 2, b,
a.

Duncan( ) Zhang( ) E, Poison K

_ (1= sin$)( 0~ 03)}2 9"
E. = |:1_ Ry 2ccosP+ 2038in P kP, P. (28)
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ek

(O-I B ()'3)“

Ao/ (@03

e

(2)

£ “ea
1 (0,- 03)- g, 2 &/(01- 03)— &
b= G- Flg(03/2Pa)’
(1-4)
A= D(0- 03)\{kP{;—j [1— Rf(zi;()ss;“j’)z(;’;sznf)}};
c RiknGFD Duncan— Chang
(29) Poisson 0.5, Poisson
0.5, , Poisson 0.5,
. , ,  Poisson 0.49, Poisson 0. 49.
3.1.2 Duncan— Chang 3F & 1 3 M AZA F42 5 /£ MARC 469 %5
MARC HYPELA Duncan— Chang
HYPOELASTIC “USER SUB. HYPELA”
, MARC Poisson
(a) MARC , 01 Oy O3
(b) Duncan— Chang 8
(¢ (28) (29 Poisson
(d) , MARC ;
(e ,
3.2
(a) ;
(b) , 5
(¢ (18) (19
(d) (18) (19 ;
(€) (24) (25 .
3

Duncan— ChangFE  —
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Vi , 1.
1
@/(°) ¢/kPa k n Ry G F D
30 100 500 0. 40 0.70 0.2 0.09 5.80
, 8m
3 q=400 kPa
108 , 133 10 B
A 22 m |
Duncan— ChangEt— vt |
8 , 0.1, 4 g
A B VB, :&){ C
e N W W il v v W v
C xc, A 0, v voOgE v v o v v v v
. 3
2,
3, 4.
2 [yijs yiil -
yp/ an x¢/ cm 0,/ kPa 0, /kPa
®/C) 127,33 [- L 1.317]  [0.284,0.300]  [0.578,0.612] [- 50.855,— 50.123] [- 87.851, - 87.262]
¢/ KPa[ 90, 110] [~ 1. 1.321]  [0.284,0.301]  [0.578,0.614] |- 50.836,— 49.947] [- 88.230- 87.032]
k [ 450,550 [- 1. 1.243]  [0.265,0. 324] [0.30,0.660] [-50.448,— 50.399] [- 87.728, - 87.682]
n[0.36,0.44] [- 1. L.OI]  [0.209,0.407]  [0.435,0.815] [-52.123,— 47.627] [- 91. 666, - 80. 569]
R¢[0.63,0.77] [- 1. 1.307]  [0.282,0.302]  [0.574,0.616] [- 50.520,- 50.129] [- 87.805, - 87.283]
G0.198,0.242] [- 1. 1.262]  [0.287,0.29]  [0.560,0. 640] |- 52.459,- 49.193] |- 93.030, - 79. 515]
F[0.081,0.009] [- I. 1.267]  [0.287,0.29]  [0.560,0.6%2] [-51.771,— 49.914] [- 92.445, - 80. 720]
D[5226.38] [-1.7 1.365] [0.2916,0.291 7] [0.5939,0.5% 4] |- 50.450,- 50.402] [- 87.725, - 87. 630]
3
ya/em yp/ em x¢/ em 0./ kPa 0,/kPa
[- 2.467,- 0.797] [0.181, 0. 482] [0.353,1.076| [- 54.112,- 46.262] |- 9. 842, - 72. 645]
4 o
9/) ¢/kPa k n R G F D
7 0.0614  0.0598 01640 04957 0071 0.1190  0.1296  0.0012 1.103 8
¥ 0.0511 0.0550 01955 06%9 00643  0.084  0.0403  0.0005 1.0920
xc 0.0458  0.0496 01654 05266 0059  0.1103  0.1267  0.0007 1.0830
o, 0.0933  0.1133 00063 0527 00498 0.4160 0.236  0.0062 1.494 2
o, 0.0254  0.0517 0020 04784 0025 0.56  0.5055  0.0019 1.670 0
4 Duncan— ChangFE,- v, 8 o
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1) ) ;
¢ A s A , n B
, A
2) , ;
:nkF G R ®cD.
3) , 1.0,
[9]
9 136 (3 .k |
1) Duncan— ChangFE - v, ,n k F G . ,
, nkF G , ;
2)  Duncan— ChangE:- v, , ,
3)
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Sensitivity Analysis Method of Soil
Parameters Based on Interval

SU Jing- bo', SHAO Guo- jian’, CHU Wei- jiang
(1. Key Laboratory of Coastal Disaster and Defence,
Ministry of Education, Hohai University, Nanjing 210098, P. R. China;
2. College of Civil Engineering, Hohai University, Nanjing 210098, P. R. China)

Abstract: Interval analysis method is a new uncertainty analysis method for engineering structures. A new sen-
sitivity analysis method of engineering parameters was gained by introducing interval analysis method. And this
will widen the application domain of interval analysis method. The interval analysis process of sensiivity factor
matrix of soil parameters was given. The choosing method of the parameter intervals and decision— making tar-
get intervals was given according to interval analysis method. During the process of FEM, the secondary devel
opments were done for Marc and the Duncan— Chang nonlinear elastic model and the mutual transfer between
FORTRAN and MARC were mplemented. By the engineering example, the rationality and feasbility were val
dated. And the conclusion was compared with that of the literatures.

Key words: interval analysis method; sensitivity; secondary development of MARC; Duncan— Chang model



