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The paper 



            

Key results 
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The paper uses the PRISM Uncertainty Quantification tool (PUQ) 
to propagate input uncertainties in materials properties through a 
simulation code to predict plastic deformation in polycrystalline 
metals 

•  Quantity of Interest: Yield stress 
•  Input materials properties: elastic constants, activation 

energy for dislocation glide and for grain boundary (GB) sliding 

•  GB sliding difficult (high activation energy, G) 
•  Hall-Petch effect (yield stress increases 

with decreasing stress) 
•  GB sliding easier 

•  Hall-Petch followed by inverse Hall-Petch 
(decrease of yield stress with decreasing 
grain size) 



            

Key results 
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•  Obtain probability density functions (PDFs) of yield stress 
given uncertainties in input parameters 

•  Obtain response surfaces that relate yield stress with input 
parameters 



            

The simulation tool 

5 

From the tools menu launch  
“NanoPlasticity Lab” 

About the tool: 
•  Phase Field Micromechanics code from 

the Koslowski group. Describes dislocation 
slip and grain boundary sliding explicitly 

•  PRISM Uncertainty Quantification (PUQ) 
code for uncertainty propagation and 
analysis 

 
Learn more: 
•  Introduction to Uncertainty Quantification Course, A. Alexeenko 

 https://nanohub.org/resources/10694 
•  Role of grain boundary energetics on the maximum strength of 

nanocrystalline Nickel, M Koslowski, DW Lee, L Lei, Journal of the 
Mechanics and Physics of Solids 59 (7), 1427-1436, 2011. 



            

What we will do 
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Objective 
Quantify how variability in input 
materials properties and grain size 
affect the predicted yield stress of a 
nanocrystalline metallic sample 

Approach 
•  Phase field approach to polycrystalline plasticity 
•  M Koslowski, DW Lee, L Lei, JMPS 59 (7), 1427-1436, 2011 
•  Describes dislocation glide and grain boundary sliding 

explicitly 
•  Use PUQ for uncertainty propagation 
•  Smolyak sparse grids and generalized Polynomial Chaos 



            

Reproducing the Results 
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●  Log into nanoHUB (you can use google or 
facebook credentials) 

●  Search for the nanoPlasticity tool or go directly to 
it at https://nanohub.org/tools/nanoplasticity 



            

Specify the input structure 
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d1, d2, and d3 must all be 
equal.  Click on any of them 
and they will all get set. 
 
For the first run, set d1 to 16. 
This equals a grain size of 16 
* 0.25 nm = 4 nm 
 
Later you can rerun this 
setting d1 to: 
 
32 (8 nm) 
64 (16 nm) and 
128 (32 nm. 
 
The larger numbers will take 
longer to run. 



            

Specify the parameters 
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Set the values of the next 
two tabs, matching the 
values from Table 1 in the 
paper.   
 
When finished, click the 
button near the bottom 
labeled “Simulate >” 



            

Run 1 Results 
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To do a run with 
different 
parameters, click 
this button 

Now do the run three more 
times with different grain sizes.  
Set d1 to 32, 64, and 128. 



            

Visualizing the output  PDF 
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Click here to 
download the 
plot. 

Click here to 
see all runs. 

Click on these lines or 
drag this slider to see 
individual runs 

Here is the 
output of all 
runs with the 
32 nm run 
highlighted. 



            

Downloading the  PDF 
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Saving the image brings up this dialog that allows you 
to customize the line styles, fonts, labels, and colors. 



            

Compare with predictions 
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nanoHUB result Figure 14 from the paper. 

As you can see, the results match except for minor 
differences in labels, colors and fonts.  These could have 
been adjusted in the plot dialog.  



            

Reproducing Response Surfaces 

Next, we reproduce the response surface plots from figure 16.  

Young’s modulus will also be given by a distribution 



            

Reproducing Response Surfaces 

Set the distributions for Peierl’s energy and grain boundary 
sliding energy 



            

Reproducing Response Surfaces 

We want to do 
three runs. 1st, 
2nd and 3rd 
order 
polynomials. 



            

Reproducing Response Surfaces 

Toggle between 
response surface 
and contour plot 

Stretch to fill 
screen 
 



            

Reproducing Response Surfaces 

Level 1 Plots 
 
Peirrls Energy vs Youngs 
Modulus and GB Glide 
Barrier 



            

Reproducing Response Surfaces 

Level 2 Plots 
 
Peirrls Energy vs Youngs 
Modulus and GB Glide 
Barrier 



            

Possible Further work 
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•  You can explore sensitivity: how sensitive is the yield 
stress to the various input parameters for large and 
small grains. This will give you an idea of how accurately 
those parameters need to be known in order to achieve 
a desired predictive accuracy 

 
•  Explore stress-strain curves 
 
 


