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Introduction to modeling,
simulation, and Optimization
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Industrial applications
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Wind turbines Piping and plumbing systems
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A model of a system is a
representation of the construction
and working of the system, Similar
to but simpler than the system it
represents
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Osborne Reynolds’ original apparatus for demonstrating the
onset of turbulence in pipes, being operated by John Lienhard
at the University of Manchester in 1975.

Turbulentand laminar flow / Boundary layer / Hydraulic Jump clip
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Plant height (dependent var.)
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Linear regression of plant height by Soil
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Engineering science paradigm: Multi-scale

view of materials
o1000m) Macroscale structural engineering
o

0o(10 m) 3 . o(0.1 m)



Characteristic scale of technology frontier (materials)

Bridging the scales
- ransistors i
| materils f, egrated cicuis | T,
Industrialization AFM, SEM / \
i \ CNTs as electronic
¢ devices Biology &
IT revolution A nanotech
A Bio-X revolution
Stone age bronze age semiconductor age nanotechnology

Fige 1.1 in Bushier, Markus ). Afomistic Modeling of Materiais Faure. Springer, 2008, © Springer. All rights reserved.
Thes content s exchuded from our Creative Commons icense. For more informaton, see h1g://cow.mit edufirise.




Multi-scale view of materials
o(1000m) Macroscale structural engineering

o(0.1m)
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Integration with experimental techniques

Time scale

Micropipette

TEM (9. cryo)

Nano-
indentation

Tomography

£ | conti
odels

MEMS testing

Collagen fiori

Opticalmagnetic tweezers

AFMIMFS

width i nm)

A xay nm I Hm o
difcacton Length scale
R nanoparticles Reprinted by permission from Macmillan
B (nanowires, Pubishers - Tt Fsarisls
CNT: Source: Bushler, mation
polypeptides s 915 osuos  and Falure of robain Mataal Uhysm\cg\uﬂv
Extrame Conditions and D
secondary protein organs Materials €, no. 3 (2009): 175-
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Simulation: Imitate the operations of a facility or process, usually via computer
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Visualization of Gas Dispersion

Three-Dimensional Model of a Methyl
Nitrite Molecule
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1. Purchase price of the software
2. Programmer / Analyst time

3. “Timeliness of Results”
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Steps in a M&S Study

Model conceptualization Data collection

Documentation and reporting
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Develop Simulation Model

( Real system )—){ Make a model }—b( Maodel system )

Perform Perform Construct
experiments simulations approximate
thearies
h 4 r

Experimental
results

Simulation Theoretical
results predictions

\

Compare Compare
and improve and improve
apexWorkflow maodel theory
/ Fluent Clips
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(wave propagation, Stress field) _

foundation p+ﬁle

| 0-8 m Sand 1

I

[ 5-10.5 m Sand 2

[ 10.5-14.25 m Clay
]

[ 14.25-18 m Coal
1

| 18-25 m dense Sand
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Non-linear coupled hydro-mechanical quasi static
analysis of a transrapid train passage with elastic-
plastic material models (Mohr Coulomb)

Plastic strain

O |

| B1 5 B3gg rapzat

Total strain Failure of Yield criteria
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dynamic non-linear coupled fluid flow mechanical analysis with FLAC3P
- dynamic non-linear (Mohr-Coulomb) with stationary pore pressure (PP)
dynamic non-linear (Mohr-Coulomb) with in stationary pore pressure

dynamic non-linear (Double Yield ) with in stationary pore pressure

B

i Db 4 OVl g | (1R Coathirt

total plastic deformation

MC, stationary PP MC instationary PP DY instationary
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crack pattern Riith (1939)

elastic-plastic Masonry Analysis of the
Church of our Lady in Dresden
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SIBEtL Ziegelsteinbricke der Welt

parameterized geometry model

verification of loading (dead
loads, traffic, temperature, wind)

verification of masonry material
model (GANZ Swiss masonry
standard)

detailed geometry model with foundation,
piles and arches made from granite,
sandstone and masonry
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displacement

For the first time stability and
survivability of the structure according
to actual German standards (DIN/DS)
was proven.
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Geomechanics
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2D/3D Stability analysis
of dams

-non-linear mechanical analysis

Verschiebungen in Talrichtung (cm)

-coupled fluid flow, thermal
and mechanical analysis

- elastic-plastic material models
of rock, jointed rock, masonry,
concrete, soil

Verschiebungen in Talrichtung (cm) Plastische Vergleic (K te)
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Earthquake analysis of dams

- often response spectra analysis 1s used

- then quasi-static elastic-plastic analysis with
worst case modal superposition 1s performed

- with today's numerical power also non-
linear transient analysis 1s possible

tension stress plastic strain



Ao &b (o Joodi Db (Flwlome J i85l Jool>

Geomechanics

Foundation Analysis

- non-linear load history

- non-linear static and
dynamic analysis

- piles & plates
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limit load analysis for airplane impact

load modeling with RTERA load
assumptions (area, pressure)

316082 _
B4 082 _
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Sameam
shear damage of
concrete

shear failure of reinforced concrete structure
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verification of the concrete model (plasticity & damage)

uniaxial compression test

KTEST FESTIGKEIT BETON ‘STIGKEIT GETON WKTEST FESTIGKENT BETON ZET FESTIGRET BETON
Frings Lavels

ta Sunie | ACin-Da)_ 3BNN

”m 1 nj Y

136700
18210003 -
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7 2820 00

LR RIS ]
AIMe-008
2917009

1 458w 0

ER L ]

The compression strength 0.045 KN/mm2
and the damage mechanics was verified.
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verification of reinforced concrete modeling_r (plasticity & damage)
E897e 00

nonse (0 L

AN

nse.m |
@506 |

|.s|§&z =
> ‘ plastic steel strain
— 4

plastic concrete strain

The limit load and the damage mechanics
was verified.
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(a)

Fig. 1 Localization Simulation in a Test Fig. 2 Schematic of Bituminous Waterproof
Specimen of a Porous Medium Lining System in a Reservoir
(a). deformation (b). damage distribution
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Ik move than 1.5 million
images of the moon at
resolutions never before
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taken with cameras designed

by the Laborarory
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Cur vision of a modular, soft-x-ray,

projection-lithography facility that could

before the year 2000.
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With 1 to 2 volis of inpur
power, this 400-gm-long
intravascular microtool
firom the Microtechnology
Center will curl up and
stretch out in liguid. The
Center's ongoing research
into microscale actuarors
includes their use in areas
such as optics, biomedical
instruments, and micropart

packaging.
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Figuze 6: Connecovities gensrassd suck that Dsir come-
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mwmmdmrw(&dw\ The zum-
ber of verices (=) and e relesive deviaticn (dev) of the
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at the botom left 35 2 comoactivicy sbape geuerated ws-
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2000 vertzes

5000 verlices.

dev =008
hre ™ 0.008

ported aze the ralative deviaton e
ang the smoothing paramater A..
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Frames from an mteractive anmmation. There 15 no noticeable warping due to a l 53
strain linearization, and the different materials (e g., ears, homs) behave distinctly. - 9
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Family of connectinnty shapes compuned from the cow's congectivity with different smoothing parameters A

2002 verticas

48485 vortces

vty shapes comganted from te conpecnty of (a) garafle, (b) wicersops, {¢) Suaford banny, &0d (d) horse
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