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bridge engineering

underground
engineering

building
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Prestressed Reinforced Concrete Trusses (prefabricated segments)
s 7 — .

-
-
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damage of concrete
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deterioration of an arch brigde (Pirmasens, Germany)
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uncertain geometrical parameters

C

uncertain position of reinforcement
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Which structural parameters might be uncertain ?

geometry ?
material
loading ?

foundation ?
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deterministic variable interval variable random variable

A A A

F(x)

f(x)
X X X
LA, > A, >

additional uncertainty models

- fuzzy variable

fuzzy random variable
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deterministic variable

Xo
0 5 46§ {o x
fuzzy variable H(X) ) _
su X)| xeRi=1
i p{ H(x) | }
0.5+

1
>

fuzzy random variable f(x) |

0.5 1//\\,

0 2 4 6 8 10 X
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uncertainty of data

examples for uncertainties
» earthquake loading

» storm loading

» 1mpact loads

» aging processes
» damage

» material parameters
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Fuzzy variables
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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 ———————-——--

membership
function py(x)

0,0

support !

fuzzy number: at exactly one x the membership py(x) =1
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Fuzzy variables
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o-level-set

o-discretization

- >

Q Ol

X, € X, VY o, a
X "k a;; o, €(0,1]

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

1 ___ a-level-set

! support !
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Fuzzy Functions
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Fuzzy function of the form : y = f(z() )

to every crisp point
an uncertain physical parameter may be assigned

L

! k uncertain physical parameters at

L4y crisp points i, k, r in R” :

damping coefficient
boundary conditions
loading

material parameters
position of reinforcement

X = {xl, XZ} in R' and R’
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fuzzy function of physical parameter 13( g) =y =

|

functional value

f)(ﬁ) __________________ at point i
P
- - A
A
(—\ / Pmax, a=0 \ Pmax’ )
__1LT f i Py
| R
IPmin, o
K - Prin, a0 /: ‘ HQ)
= 0 o 1
I X3
P(x)= {Pa (x); (P, (%)), (%)= Prne ()3 P (%) s (P, (x)) =01 V. = (0;1]}
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===p  sometimes also geometrical parameters in x,;-direction
are uncertain

example of structures in R' and R’

15

f(xgj

geometrical parameters dependent on x; may be expressed as fuzzy parameters
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X(t) = x(s. 1)

Z(T) - X(§~, T) = g‘l °Sin(§'2 T+ 3'3) With §= (E‘l' §'2, 33) -g‘l =< 0.9, 1.0, 1.1 >
$,=<0.9,10,1.1>
3,=<-0.1,0.0,0.1>

crisp subspace S withS € S
x,(7) = 1.1sin(1.17 +\0.1) X,(x) = 0.95sin(0.957 - 0.05)

77 \\10 « [rad]
X,(t) = sin(t)
H(x,(t)) = 1.0

x5(t) = 1.05sin(1.057 + 0.05)
H(x;(1)) = 0.5

hxs &

|
1
|
—

...............

x2.~'_'.I

0.0

-10T
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For s €S, crisp set of functions: X () = {x(s.}) Vs|seS, ae(0,1]}

frend
function

interval x;, = [ X, Xiy]

0.0
10 = [rOd] Xt(x,l

X; = Xy(s) = { (th (X4,) ) | Xior = [ Xt Xper I

bounding _
functions u(x,) =a Yo e (0,1] }
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Fuzzy Functions
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approximation of fuzzy function 13( g) by means of fuzzy values
at suitably distributed interpolation nodes in R"

example: Bx) A

Hp

I
I
I
I
| >
X3 X

X1 X5

approximation of the fuzzy function P(x) in R'
using fuzzy numbers at x,, X,, X;

Slide 22



Point and Time Discretization of Fuzzy Functions
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The arguments t are discretized by k, interpolation nodes
fort=20
X(0)= 5,:0+5,
5,=<0.38, 1.0, 1.2>
5,=<-0.2, 0.0, 0.2>

Interaction ?

X(0=0)

Fullinteraction  X(1) = {x(t,), x(Et,), ..., xGt,) | h. by . b€ T}

No interaction  x(1) = {x(§1,11), X(s2.1) oo X(Sioh) |t by o g € T}
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fuzzy function: X(t): T =% F(X) t= (0, 1, 9)
/ \

fundamental set set of fuzzy variables

X)) ={x,=x@t) V t|teT}
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see file 1.1 for
Cartesian product and extension principle

The Cartesian product comprises all combinations of the
elements Xq4,.....,X, n fuzzy sets.
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Fuzzy analysis (1)
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fuzzy input
values %
fuzzy analysis
|::> e fuzzy
fhess 4 ' result
functions mapping model

values

(deterministic
fundamental solution)

deterministic \//
values

X) ——— I
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Fuzzy analysis (2)
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fuzzy input value x,

mapping
model

O(k--__

0.0
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fuzzy result value z

fuzzy input values
X, and X,

objectiv functions: z, =f(X,; ...;
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constitution of the crisp subspace on a-level

crisp subspace X,

~ X3 007
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Fuzzy analysis (5)
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simultanious consideration of different input values

4

wn
C
O
)
O
C
)
y—
>
N
N
)
y—

deterministsic

Input space

fuzzy values
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modified evolution strategy

X2 A crisp subspace X,
XoarT
(]
o pl®
@
A TN
£le °
[ ®
L [ | oo _f
- \ [ ]
e
-
1o
® |
X0l T ==
I —>
Xl,ocl Xl,a r

X

lower gap limit
upper gap limit
for following points

starting point
improvement of z;

no improvement of z;

optimum point x,, ,

N
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Fuzzy analysis (7)
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modified evolution strategy, post computing

crisp subspace X, and six a-levels, postcomputation for o = o,

2
A [—————"———=———~-— e ¥ & v
° ° ) o |
: r'_._ S _e_*° S *segs® &t ———— permissable domains for o * o,
| 14®° ® e e e ® e ."' . .: permissable domain for o =a,
X201 7 : . : o ° - Jee® o optimum point x,,, , fiir o =0,
1% | e et ->_o° 1® from oa-level optimization
. I.c: .* ee o o'lr o| . :. I
.y I o Te ot | A Aoripcatissgblo foifits ot o > Gy
» @ 0O 0% 01 el ® ® permissable points for a = a;,
* o | I o le int fi hecki
P e [ 8 100 o point for rechecking
| L : e o8 o I.:':‘ ° 0'] . : "best" point from post
| | ,r‘ we _°_.°_'_ — :I o 'L * o’ computation, new starting point
: .: o® "t e .: .: ®  new optimum point for o = a
1 ® oo, @9 o |
X2,a3l |. | * Y e ©® |'0 |
I L —_a _ - — — & ______ ._I I
|® o . ° g ® ° . I
L__*2__°*__S _ —— — — — — — |
| | >
X101 X101 X
3 3
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Mapping model
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Properties of the mapping model
- Biuniqueness
- Unigquness
- Contiuity : Uniguness and contiuity lead to convex
fuzzy results
- Monotonicity: The optimum point is located on the
boundary of the input space

- Dimensionality of the input and result space

see file 1.2 for Example with non-monotonic mapping
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Non-continuous mapping model
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P=10kN
system fl\M =2 kNm
S B S 2\
} > X
O ss5om % 250m
4
Fuzzy input variable Mapping model

1+5-x  [kNm]|x <x,
M (x)= P P
S 124-5-x ) [kNm] | X, > Xy
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Noncontinuous mapping model
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Fuzzy result variable ﬁk

Extension principle a-level optimization
(M) A u(v A
1,0 i 1,0 — ‘,

o, — — o — —/ o _
0,0 J\/ b 0,0 JV / e R
0 11 12 13 M, [KNm] 0

\ \
11 12 13M, [kNm]

a-level optimization produces convex membership function

Extension principle produces disjointed fuzzy sets
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Properties of the mapping model

Institute for Static and Dynamics of Structures

Biunigueness N
%)

Biunique image

Nonbiunique image
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Properties of the mapping model
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Development of the z-space as a function of the crisp parameter t

X, A

(X1§ D, S PR tp)

J J
z, A
! //Blmjlique
X, mapping
o ]
X2 on
>
X

Zl,ockr Zl Zl,ockr Zl

v

Changing of the crisp parameter t
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Uncertainty quantification (1)
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~J

H(bp) n A b, = <7,5; 14,17; 57,5>

limited data basis 1.0 A 75

e sample with a slight number
of sample elements

05+ 2+

00+ O

1 - )
30  50b, [N/mm2]

linguistic variable u(bo)

low medium high

1,0 1
e quality assessment 05
by [N/mm?2]
0.0 | | —>
0 10 30 50
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Uncertainty qguantification (2)
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single uncertain measured value

e component thickness with
rough surface

expert knowledge

J:
u(d) -
1,0 -
0,0 —
HX) ) crisp kernel set
1,0 |
fuzzy intervall
X
0,0 >
7,5 8,5
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Uncertainty quantification (3)
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design of membership functions

linear polynomial polynomial
poly
n=26 | n=26 i
wo,)=17 7@ w(o,)=11 7&\
hY
\\ \\
1) =4 I I\ N {%\-
Q O Q Q ® o, P O O & Q o
NN N e SRR SR
qguadratic polynomial B function according
n=26 n=26 | gaussian normal distribution
no,)=1 n(c,)=1" , \
|
A Haw | (%@‘5
O O N N D o O O N O O S,
SONOEIRONEN SN g SRR SN
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| Uncertainty quantification (2)
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fuzzy function for the material behaviour of concrete

ch
;"l s
/ 5 |
H(Gc) A s ¢ & |
Nl At
— i
J WS AN \
N N R T
2/ \
Y4 SIS \ -
/// S \ ~<_
Y \ v N S———-
I/ ~o @ 020 T ...
0.0 ,:J" — e )
800 Sc
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1 Introduction and motivation
Fuzzy variables
Fuzzy functions

Numerical solution technics

o H~ W N

Uncertainty quantification

o

Assessment of fuzzy results
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Assessment of fuzzy results (1)
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defuzzification of fuzzy values

© conversion of a fuzzy value z into a crisp (deterministic) value

H(Z) o
1

Z, zul_z <

L d

A

© disadvantage: loss of information
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Assessment of fuzzy results (2)

Institute for Static and Dynamics of Structures

defuzzification methods

= Centroid method
uz) 4

= |evel rank method

N .
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Assessment of fuzzy results (3)

Institute for Static and Dynamics of Structures

Comparison of the
SHANNONSs entropy - degree of uncertainty

H(Z) = -k - | [H(2)-In(u(2)) + (1 - (@) - In(1 - K(2))] dz

zeZ

e measure of the average information content
e evaluation of the fuzziness

robustness measure

robustness =  uncertainty of input parameters

uncertainty of the result parameters

1
HEZ)
2 H(X;)

R(Z,) =
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see file 1.3 for
Comments to interaction between fuzzy variables
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o-level optimization with interaction

Institute for Static and Dynamics of Structures

e, A

—
eZ(max,ock)

]
€2(min, o)

Interaktionsfldache

Eingangsteilraum E (t;)

(ohne Interaktion)

»

optimaler Punkt

Interaktionsteilraum
E (t) 11w

------------- untere Abstands-
schranke fur
Nachkommen-
Punkte

— obere Abstands-
schranke fiir
Nachkommen-
Punkte

@ Verbesserung des z,(0;, t;)
@ keine Verbesserung des zh(Qj, t)

€ 1(min, ox)

oY

€ 1(max,oy)
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