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SENSITIVITY ANALYSIS OF TRUSS
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UNCERTAIN GEOMETRY



Truss structures
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Frame structures
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Civil engineering codes

ACI Code (USA)
Eurocode (Europe)
DIN (Germany)

Etc.

Example application:

FEM analysis and design of reinforced concrete slabs
according to Eurocode 2.



Shape optimization
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Figure 1 — Defined design space

Figure 2 — Result of the topology optimization




Sensitivity analysis

analysis_type linear_static_functional_derivative

parameter 1 [210E9,212E9] sensitivity # E
parameter 2 [0.1,0.3] sensitivity # A q

parameter 3 [8E-6,8.2E-6] sensitivity # J
Olllllélllill?

parameter 4 [1,3] sensitivity # q
1 2 [2

parameter 5 [1,3] sensitivity # q

point1x 0.0y 0
point2x 0.5y 0
point3x1.0y0

S S S

line 1 points 1 2 parameters 1 2 3
line 2 points 2 3 parameters 1 2 3

load constant_load_on_line_in_y local_direction line 1 qy 4

load constant_load_on_line_in_y local_direction line 2 qy 5

boundary_condition fixed point 1 ux
boundary_condition fixed point 1 uy
boundary_condition fixed point 1 rotz



Uncertain truss structures in ANSYS
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2-D Truss Analysis




Sensitivity analysis
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Sensitivity analysis




Finite difference approximation
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Monotonicity tests
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Adapftive Analysis of an Elliptic Membrane
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VM102
Cylinder with Temperature Dependent
Conductivity

Test Case

A long hollow cylinder is maintained at temnperature T, along its inner surface and T_ along its outer surface. The thermal conductivity of the
cylinder material is lknown to vary with temperature according to the linear function k(T) = C, + C; T. Determine the temperature distribution in

the cylinder for two cases:

¢ k=constant, (l.e. ¢, =0)
e k=k(T)

Figure 102.1 Cylinder Problem Sketch
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VM215
Thermal-Electric Hemispherical Shell with
Hole

Figure 215.1 Hemispherical Shell Problem Sketch
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VM154
Vibration of a Fluid Coupling

Figure 134.1 Fluid Coupling Problem Sketch
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Electric potential (top) and equivalent stress (bottom) simulation results for a
folded dielectric elastomer actuator
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Original design of the Whirlpool refrigerator model Finite element model of cabinet and door assembly Fawer ne

used in the cabinet optimization analysis with close-ups of critical hinges



) RI1SA-2D Demonstration - [F: RISADemountitled1.r2d] - [Model View]
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Sensitivity of the axial forces with
respect fo the position of nodes

Number of member

10

NO

-1.41E+03

1.00E+03

7.93E+02

-1.21E+03

2.93E+02

2.93E+02

7.93E+02

7.93E+02

7.93E+02

-1.41E+03

N2x

-1.49E+03

1.10E+03

7.80E+02

-1.22E+03

3.02E+02

3.17E+02

7.98E+02

7.76E+02

1.00E+03

-1.41E+03

dN2x

-7.24E+01

1.00E+02

-1.32E+01

-1.71E+01

8.71E+00

2.41E+01

5.35E+00

-1.71E+01

2.07E+02

0.00E+00

N2y

-1.35E+03

9.09E+02

8.39E+02

-1.17E+03

3.75E+02

2.28E+02

7.48E+02

7.22E+02

1.00E+03

-1.41E+03

dN2y

6.27E+01

-9.09E+01

4.57E+01

3.99E+01

8.23E+01

-6.46E+01

-4.53E+01

-7.05E+01

2.07E+02

-3.56E-03

N3x

-1.37E+03

9.67E+02

7.62E+02

-1.25E+03

2.95E+02

3.25E+02

8.25E+02

7.92E+02

1.03E+03

-1.46E+03

dN3x

4.71E+01

-3.33E+01

-3.08E+01

-4.38E+01

1.80E+00

3.23E+01

3.21E+01

-1.27E+00

2.40E+02

-4.71E+01



Web application

= httpt/fisrebapp matht utep-edur808a/~andrzej/php/FEM=1"3Ycalculate 1al-php ="Windows Internet’ Explorer;
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Insert a description of FEM model and press "Calculate" button. [ USER'S MANUAL ] Tl

Calculate
# -~
# Data for the program FEM
#

start_clock

analysis_type linear static difference

parameter 1 [199ES,201ES] sensitivity # E1 X
parameter 2 [199ES,201ES] sensitivity # E2 |
parameter 3 [199E9,201F5%] sensitivity # E3

parameter 4 0.060 # R1

parameter 5 0.075 # B2

parameter 6 0.060 # B3

parameter 7 2.000E-4 # J1

parameter 8 3.906E-4 # J2

parameter 9 2.000e-4 # J3

parameter 10 0.05 # zMax

parameter 11 [96E3,104E3] sensitivity # P1

parameter 12 [96E3,104E3] sensitivity # P2

parameter 13 [96E3,104E3] sensitivity # P3

point 1 x 0 y 0

point 2 x 1y 0

point 3 x 2y 0

point 4 x 3 v 0

point 5 x4y 0

point 6 x 1y 1

point 7 x 2y 1

point 8 x 3 v 1 tﬂ

The result is:

Done € Internet % 100% -




Conclusions

- Using finite difference approach it is possible
to solve very complicated problems of
computational mechanics with uncertain
parameters.

- Finite difference approach allow us to use
existing engineering software.

- Using presented approach it is possible to
study uncertain solution only in selected
regions. Not necessarly in the whole structure.



