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Topic 7:
Latin Hypercube Sampling (LHS)

* Theoretical background
* Freet software

 Examples
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Probabilistic Methods

Simulation methods
Simple simulation Monte Carlo,

Stratified simulation techniques:
Latin Hypercube Sampling — LHS,
Stratified Sampling — SC.

Advanced simulation methods:
Importance Sampling — IS,

Adaptive Sampling — AS,

Axis Orthogonal Importance Sampling,
Directional Sampling — DS,

Line Sampling — LS,

Design Point Sampling,

Subset Simulations,

Descriptive Sampling, Slice Sampling.

Approximation methods
* First (Second) Order Reliability Method -
FORM (SORM),
* Response Surface Method — RSM,
* Perturbation techniques — e.g. Stochastic
Finite Element Method (SFEM),
e Artificial Neural Network — ANN.

Pure numerical methods
(without simulations and approximations)
e Point Estimate Method — PEM,
* Direct Optimized Probabilistic Calculation —

DOProC. :
Overview e.g.:

Krejsa & Kralik (2015)
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Reliability Assessment Using LHS

Latin Hypercube Sampling (LHS): Applied Freet desktop: panel of
e.g., in the Freet program input variables entering
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Principal of LHS: the division of the
distribution function domain
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Freet (Feasible Reliability Engineering Tool)

Freet: Probabilistic multi-purpose software for statistical, sensitivity and

reliability analysis.

* Developed at the Institute of
Structural mechanics, Faculty of

Civil Engineering, Brno University
of Technology.
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sssssssss

* Version 1.5, Demo version is
available to download
on http://www.freet.cz .
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Freet: Entering of Input Values
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Freet: input random variables
with parametric probability
distribution.

Choice of parametric
distributions from the database
and entering specific values of
statistical moments of the
random variables.
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Freet: Measurements Data Utilization
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Freet: Correlation Matrix Entering
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The correlation coefficients:

= ( ... statistical independence
+0,=>2-1,<1

... statistical dependence



Freet: Generating of Simulations
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Freet: Generating of Simulations
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Freet: Generating of Simulations
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Freet: Sample of generated
simulations of two random
variables that are statistically
independent.
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Freet: Generati
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Latin Hypercube Sampling (LHS)

ng of Simulations

Freet: Sample of generated
simulations of two random
variables that are statistically
dependent (95 %
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Freet: Generating of Simulations
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Freet: Definition of the Computing Model

| Tah.fre - Freet
File Edit View Help

[E=E (=R

lDﬁu|@!‘;¥;§‘?|

New Model Function | | Delete Model Function | | Flun Modgl Analysis |
s

Name of the DLL Exported functions Result name

642009 (1-257))/1000- ( +2+:3+3ed+x5)

Ready NUM

22/2/23

Edit response/limit state function

]

olw)= 3532712824

[ Clear ”Delete“ Test I

Functions: M urneric W ariables
l zin H azin H zinh l la&inhl l [ ” ] I [ - ] D YW ariable name
1 Zatizeni Stalé

cog || acos | | cosh | |acosh

R

(1] [t [ ]

oot 8 i) )

log l 107 I

logl0

exp

8|0 En[ES

(o 2] o] (o]

o)l o]

abz floor ceil | | hypot

i ” [.]]

=

w Zatizeni Dlouhodo. .
wd Zatizeni Fratkodo..
wd ZatiZeni Vitr

) Zatizeni 5nih

l

“E Tahlo.Fy
W Téahlo.Prifez
Cancel ] ’ ak.

Latin Hypercube Sampling (LHS)

Freet: Definition of the
computing model and
substituting the generated
permutations in this model.
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Freet: Estimation of the Probability of Failure

eSS el ==

- e Pr=575-10"°< Py =7.2-1075
| supporting element is OK.
Class of consequences RC2/CC2.

Freet: The resulting estimation
of the reliability function’s
probability distribution,
estimation of the probability of
failure Pr
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Example 1, Reliability Assessment

Expression and idealization of the structure under actual
static or dynamic loads in space and time using
mathematics-physical relationships determining the stress,
strain, acceleration etc. from a time

dependent load variable.

c v SN
g.: Lo
Reliability function RF: RF = R — abs(E) o
4
Structural resistance R (axial load capacity Np,) : v L
R=NRd:Avar'fy v DL

Load effect E (axial force Ng4):

E=Ng; =80-DL+2935-LL+80-SL+70-WIN +40-SN
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Example 2, Reliability Assessment

Mathematical model of probabilistic calculation: DIL+LL
Reliability function: RF =R —E Iy veryyddi4dtyy
Structural resistance (ultimate bending moment): \ IPE160, / 4
R=MRd=Wy,var'fy i [=6m
Load effect (maximal bending moment): .
1 = e
E=Mp =g (21-DL+3.5-LL)-I? PE— =y
Cross-sectional variability: _ . _ |
— {_2 Histogram ¢ (Epsilon.dis) for |-
var = Apom * (1 =2 &) expressing the variability of | | ==
Woar = Waom - (1 —3 - €) cross-sectional ‘mem —
Lygr = Loom - (1 — 4 - €) characteristics -2 ==
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Atena-Sara-Freet: Sample Calculation

The structure under assessment is reinforced concrete road tunnel.
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Atena-Sara-Freet: Sample Calculation

Calculation model

Contact springs
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Atena-Sara-Freet: Sample Calculation The reliability

criteria:

e Deflection
 Deformation of
the concrete
-  Deformation of

the steel
— reinforcement

The results achieved, strain compression concrete

LSF Eps beton 3 (tlaceny)

Mean
Std Std

2e+004]

Probability of
B exceeding the limit

5e+003, -1 I
i \\ of compression
iy ‘ hJ;\ strain of concrete

0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035 0.00355 IS = 1 O —42
L]

1e+004]
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