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Introduction (2)
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structural parameters blasting parameters

O geometry O time of detonation
O material O detonation impacts
© failure zones O grade of local

structural damage

contact parameters

O friction

© damping
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Introduction (3)
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uncertain geometrical parameters
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uncertain position of reinforcement
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Data Models (1)
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deterministic variable
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Data Models (2) - Fuzziness
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fuzzy variable X

membership X = {(x; b (X)) | x e X} P (X) >0 VvVx eX

value Hy(X)

1,04+ ---——-—————24

membership
function py(x)

O,OO—%‘,—»X
X

! support !

a fuzzy number possesses exactly one X
with the membership value py(x) = 1
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Data Models (3) - Fuzziness
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o-level-set

X, = xeX | p(x) 2 o }

o-discretization

Hx(X) A
1,0 +-----mmmeeeeo

4 ___ a-level-set

! support !
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Data Models (4) — Fuzzy functions
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fuzzy function: X(t): T =% F(X) t= (0, 1, 9)
/ \

parameter space set of fuzzy variables

xt)={Xx =Xt V t|teT}
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Data Models (6) — Fuzzy Randomness
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space of the random elementary events

X(ws) € F(X ) set of all
fuzzy numbers in R"

fuzzy number

x eX=R! fuzzy rangom variable X

X:Q -F(X)

space of the one-dimensional realizations
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Data Models (6) — Fuzzy Randomness
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if for all x(W,) holds:
X(o;) € X(W)),

R then: x constitute one
original X; of X

X(w4): realization of the real
random variable X x € X=

X(01) € X(o4)

an original X; has the porperty X := fuzzy set of all originals X;

of a real random variable X
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Data Models (7) — Fuzzy Randomness
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e.g. Gumbel

original F;(x)

o-level

\

F(x) = eXP('eXP('§1 (x-5,)))

~ ~

~045.5, N

=m, -
\ < | ;
1,0 0,0 X; X

H(F(x;))

F(x) = F s, x

fuzzy probability distribution function
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Data Models - Fuzzy Random Functions
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given: set of fuzzy random variables X at points t e T
with t = {1, 6}, T time
0 =1{0,,0,,0,} spatial coordinates

definition: A fuzzy random function )?(;) is the
set of fuzzy random variables X, in T

X(1)={ X;=X(1) vt |t T |

X(1): TxQ - F(X)

special cases: @ no randomness: %(L) - X(t) fuzzy function
@ no fuzziness: >'Z(;) - X(w) random function
(3) for fixed t : X(t) -~ X(q) fuzzy random field
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Numerical Model (1)
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Numerical Model (2)

Institute for Statics and Dynamics of Structures

flexible
bodies =
failure regions

rigid
bodies

problem of multibody dynamics

with data uncertainties
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Numerical Model (3)
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L5-DY'NA USER INPUT
Time = 0
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Numerical Model (4)
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rigid body

considering the
nonlinear behavior

of

reinforcement concrete

flexible
body

FE-Model
rigid flexible rigid
body body ~ body

FE-Model
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Numerical Model (5)
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(F,(1) | _[v,@)]
f | K@D o ku@6) ko@D - ko )]],
F5(1) . . : : . : v5(1)
Ml(l) : ‘. : : °. : (pl(l)
M, (1) 9,(1)
(| <, (6,1) - ki (6,6) ki (61) - k12(6,6).q)3(1)
F(2) | v,(2)
Sy | kD a8 kD) kw8 |
F3(2) . . . . . : V3(2)
M,(2) . . . . . . ¢,(2)
M1 1, (6,1) - Kk, (6,6) ko, (6,1) - ki, (6,6)|] 2
_M3(2)_ i ] _(P3(2)_

» nonlinear relations between forces and displacements
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Numerical Model (7)

Institute for Statics and Dynamics of Structures

Objective: A-priori-computation of force-deformation relationship
Hypothesis: diagonal element >> off diagonal element
Decoupled 1

system of F=k,(v,)- v, bzw. Vv, = ” -F
equations: i (Vi )

Spring
element: -—\/\/\/\/\/\/\/\/—-
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Numerical Model (6)
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force deformation realation v(F)
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Numerical Model (6) — Fuzzy Function
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fuzzy function: V = V(F)

>

displacement v
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Numerical Model (7) - Fuzzy Random Function
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fuzzy random function Vv = V(F)

displacement v

>
force F
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Numerical Model (8) - Algorithmic Procedure
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orientation of the rigid body i in R3

A transformation matrix
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Numerical Model (9) - Algorithmic Procedure
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kinematical constraints

C, =Clq,.t)= [Cl(gr,t),cz(gr,i),. .,C.. (gr,i)] =0

T
n, rigid bodies: q = [qu,qrz,...,qrnb}
holonomic constraints none holonomic constraints
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Numerical Model (10) - Algorithmic Procedure
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Lagrangian equation of motion

—=€

rigid bodies only: Mgr + Q;& =Q_+Q,

rigid and flexible bodies:

|:mrr mrf:| gr +|:O O:| 9.— g;ilrl‘ _(gr)e_ n _(gr)V_
q. | Lo K, Q). || @)

My Mg || G
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Fuzzy Multibody Dynamics (1)
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BT

Fuzzy multibody
dynamics

fuzzy analysis

deterministic
fundamental

deterministic solution
values
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Fuzzy Multibody Dynamics (2)
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mapping: (s,, S,) = Z

M (S4,S5)
A

1L

a-level-Optimierung

space of
. nJ nJ
fuzzy input values s; and s,
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Fuzzy Probabilistic Multibody Dynamics (1)
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fuzzy random fuzzy probabilistic
values % multibody dynamic

fuzzy stochastic

analysis :
i> uncertain
deterministic results

fundamental solution

deterministic ﬁ
VEIES

X(®) e Z(t)
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Fuzzy Probabilistic Multibody Dynamics (2)
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fuzzy probability distribution functions
WEREICIMCOEN  F(x)=F(x,5) and F,(x)=F(x.5,)

S
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o S;(Sy/ S;) :>
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space of $
H 2,O(k
fuzzy input parameters I
nJ nJ
S, s; und s,
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Fuzzy Probabilistic Multibody Dynamics (3)
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input space F1 o (X)s oo cxk( ) result space ?"ak (2). ... ,'I?,D1 o (2)
AFig, (X) Fio (2)4
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Fuzzy Multi Body Dynamics (1) - Example 1
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fuzzy
load-displacement-dependencies

¢;(M) =S, - 9,(M)

(IPVZ(M) = ,;2 - 9,(M)
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Fuzzy Multi Body Dynamics (2) - Example 1
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fuzzy bunch parameter’s; fuzzy bunch parameter s,

M (S]_) 1‘ H (52 )1‘

05 1,0 1,5 s, 0,8 1,0 1,2 s,
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Fuzzy Multi Body Dynamics (3) - Example 1
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fuzzy load displacement relation

A
0,14+
0,12+ a=20
01 ®,(M) deterministic function
5 ]
©
— 0,081
oS-
0,06 N N
(pl(M) = 5S¢ (Pl(M)
0,04
¢®,(M) deterministic
002 function
° > M [KNm]
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Fuzzy Multi Body Dynamics (2)
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fuzzy result z z

space of
. nJ ~nJ
fuzzy input values s; and s,

objective function:  z; =f (X;; ...; X,) = max | (X ...; X,) €X,

X
z,=f (X ..oi X)) = min | (X .5 X,) €X,
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Fuzzy Multi Body Dynamics (4) — Example 1
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space of fuzzy input

6,7 rameter
6,6g parameters
6,55 S -0
,5 1,2
6,45
1,1

S, 15
15 0.8
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Fuzzy Multi Body Dynamics (5) - Example
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u(r) A

1,0-

0.5

0.0

deterministic result

r[m]
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Fuzzy Multibody Dynamics (6) — Example 1
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1,20

fuzzy bunch parameter

of the load-displacement-
dependencies

0,45c.
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Fuzzy Multibody Dynamics (7) — Example 1
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debris distance radius
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Fuzzy Multibody Dynamics (8) — Example 1
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Fuzzy Multibody Dynamics (9) — Example 1
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] —
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Fuzzy Multibody Dynamics (10) — Example 1
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fuzzy distance r

23 m

8, [m]
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Fuzzy Probabilistic Multibody Dynamics (1) - Example
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load displacement relation

51(M,§1) und 52(M,§2)

¢,(M,s;) are modeled as
fuzzy random function

» uncertain lognormal distribution
with
fuzzy standard devations §

debris domain
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Fuzzy Probabilistic Multibody Dynamics (2) - Example
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displacement v

fuzzy random function

v = V(F)

force F
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Fuzzy Probabilistic Multibody Dynamics (3) - Example
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fuzzy probability,

that parts of debris fall
outside the debris domain

>

H(Py)

R

051~~~ f---d--

P; [10-2]

0 f - - 1 >
18,1 ﬁﬁ 42,7

deterministic probability

debris domain is insufficiently designed
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Conclusions
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@ In the case of data uncertainty fuzziness and
fuzzy randomness are useful mathematical
models

® The application on blasting processes demonstrates
the information profit in practicel problems
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