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Validated to one distinct 
fracture strain.
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Probability Distribution Fit | Quantile Interpolation |
Parameter Interpolation | Goodness-of-Fit | Open Topic

• Stochastic Simulation
Random Erosion | Head Injury Criterion | HIC Distribution
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Experimental Research – Rate

drop yoke
force sensor

upper clamping
specimen

lower clamping
damper

highspeed camera      cold light

• Tensile Tests at 7 different velocities

• Three different testing machines
• Electro-mechanical system

• Servo-hydraulic system

• Drop-tower system

• In sum over 360 tensile tests
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Experimental Research – Temperature

pneumatic clamping
specimen

climate chamber

LED lights                        DIC camera system

• Additional tensile tests in 
climate chamber

• Two common temperature 
limits for automotive 
applications
• - 30 °C (H = 10 %)

• + 85 °C (H = 40 %)

• 40 tests for each 
temperature
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Experimental Research – Triaxiality

• Shear test on rectangular specimens (10mm x 80mm x 4mm)

• Constraint against rotation by tight fit in mounting

• Optical measurement of surface displacements via digital image correlation (DIC)

DIC camera system

DIC camera system

plunger
specimen
mounting
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Experimental Research – Triaxiality

• Puncture test on circular specimens (Ø90mm)

• Combination of spherical impactor (Ø20mm) and ring support (Ø42mm)

• Optical measurement of surface displacements via digital image correlation (DIC)

impactor
specimen

ring support

DIC camera system
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Experimental Research – DIC Analyses

• GOM ARAMIS system for 3D digital image correlation (DIC) analyses

• Local fracture strains taken at the position of crack initiation

• Triaxiality level taken from FE-simulation (Open topic)
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2-parameter Weibull distribution

𝛽 – shape parameter
𝜂 – scale parameter

Probability estimator according to WEIBULL

𝑖 – number in ascending order  
𝑛 – sample size

Weighted residual sum of squared (WRSS)
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Statistical Modeling – Probability Distribution Fit

𝑃 𝜀 = 1 − exp −
𝜀

𝜂
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Statistical Modeling – Quantile Interpolation

• Approach: 

𝜀0.05 = 𝑓 ሶ𝜀

𝜀0.95 = 𝑓 ሶ𝜀 0.05 = 1 − exp −
𝜀0.05
𝜂

𝛽

0.95 = 1 − exp −
𝜀0.95
𝜂

𝛽

• Solving the system of 
equations:

• Model compared to 
measured fracture 
strains
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Statistical Modeling – Parameter Interpolation

• Approach: 𝛽 = 𝑓 ሶ𝜀 &    η = 𝑓 ሶ𝜀 • Model compared to 
measured fracture 
strains



Coefficient of Determination
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Statistical Model – Goodness-of-Fit

Parameter Model

𝑅2 = 1 −
σ 𝑝𝑖 − 𝑃 𝜀𝑖

2

σ(𝑝𝑖 − ҧ𝑝)2



• Consideration of temperature and triaxiality level in statistical model

• Empirical data from shear, puncture and tensile tests: 
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Statistical Modeling – Open Topic
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Stochastic Simulation – Random Erosion

𝑃 𝜀, ሶ𝜀 = 1 − exp −
𝜀

𝜂( ሶ𝜀)

𝛽( ሶ𝜀)

Statistical Model

𝜀(𝑃, ሶ𝜀) = 𝜂 ሶ𝜀 − ln 1 − 𝑃 Τ1 𝛽( ሶ𝜀)

Quantile Model

representative rates

uniform random number (0,1)

• Global fracture criterion 
• “Resenable” amount of repetitions with random occurrence 

probability



• Mesh size: 5mm edge length

• Resulting acceleration filtered by 
SAE J211 CFC-1000

• Head Injury Criterion (HIC) calculated by

• 𝐻𝐼𝐶 = max
1

𝑡2−𝑡1

𝑡1

𝑡2 𝑎 𝑡 d𝑡
2.5

(𝑡2 − 𝑡1)

• with respective choice of the time interval
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Stochastic Simulation – Head Injury Criterion

𝑡1 𝑡2



• 500  head impact simulations with random fracture criterion

• Head injury criteria result in secondary distribution
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Stochastic Simulation – HIC Distribution

For the safety evaluation of structural parts a threshold quantile should be crucial

5 %95 %
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Summary & Outlook

Marcel Berlinger, M.Sc.
TH Mittelhessen – University of Applied Sciences
Institute for Mechanics and Materials

• Statistical characterization and modelling of 
polymer materials 

• Stochastic FE-simulation

+49 (0)641 309 2155
marcel.berlinger@me.thm.de
thm.de/me/marcel-berlinger







• Experimental research for empirical data

• Statistical interpolation model(s) for a strain-rate 
dependent fracture strain distribution

• FE-simulation with stochastic fracture criterion

• Consideration of temperature dependencies in 
the model

• Consideration of triaxiality dependencies in the 
model

• Stochastic FE-simulation with new model and 
re-assessment of the HIC distribution
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