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\ XLPR Seminar 3 Agenda
Running the Simulation and Retrieving Results

Introduction and Opening Remarks
File Structure Review
Running the Preprocessor
Setting Sampling Options and Controlling a Run
Viewing Results
Errors Display
Navigating through the Framework
Break
Questions and Answers

Closing Remarks

_
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« User Manual Chapter 3

— Section 3.3.2 (p. 99) to set up the sample size and random
seed

— Section 3.4 (p. 60-61) to run the code

— Section 3.5.2 to inspect for errors (and Chapter 5 for the list
of error codes)

— Section 3.5.3 to look at the results

 XLPR-GR-FW, “Computational Framework
Development, Testing, and Analysis™

*To be released at a later date
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_xLPR

File Structure

Navigate through xLPR file structure



|‘|||,“ Running the Code

\xLPR

* To run Extremely Low
Probability of Rupture (xLPR)
Version 2.1 (V2.1) code, the
user needs: ~
— One folder with a GoldSim ﬁ Folders created

player file (.gsp) or full version > when installing
(.gsm) and the input Excel file — xLPR V2.1

— One folder named “DLLs” with ~
all the dynamic link libraries
(DLLs) Case 1

|t is thus possible to create a
new folder at the root of xLPR Case 2

v2.1 to separate runs and use
only one DLLs folder

* Once xLPR V2.1 has been
run, the GoldSim file can be Case n
d and accessed from an
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* Excel input file name (xLPR-
2.1 Input Set.xIsx) cannot be o)
changed. GoldSim requires

this name to read the inputs. i”
* GoldSim file name (XLPR-
2.1.gsm [ xLPR-2.1.gsp) can

be changed. In theory, one
can thus have multiple °

GoldSim files in the same
folder. This is useful for
replicate runs.

 DLLs folder name and DLL
names cannot be changed
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1. Set up input set file (presented in previous seminar)
2. Run preprocessors

3. Set up GoldSim parameters and output settings
4. Run GoldSim

5. Save once run is complete

6. Save and extract results

_
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XLPR

Preprocessors

What to run before running the code and when to run it



'|||||I| Preprocessing Parts
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\ XLPR
* To improve runtimes, two aspects of the
calculations are done in the preprocessing
stage
— Calculate leak rates as a function of crack opening
displacements and crack lengths (LEAPOR - Leak
Analysis of Piping — Oak Ridge)
— Calculate stress intensity factors and other

information for all transients (TIFFANY - Thermal
Stress Intensity Factors for ANY Coolant History)

* The preprocessors create lookup tables read by
GoldSim. GoldSim linearly interpolates from

thﬁse tables during the simulation.




|‘|||I Running the Preprocessors (1/3)

XLPR

« The preprocessors are run by double clicking on xLPR-2.1
Preprocessor.xll

« Currently the Excel add-in works only with the 32-bit version of Excel.
Any use with 64-bit versions will lead to an error.

* Since the file is an Excel add-in without a dlgltal signature, a window will
pOP Up to inform the user that the comm————" "+~ —+«——+

No e It IS pdo-é,gl bf € talgltsdseSSIon Only @ Microsoft Office has identified a potential security concern.

to some companles securlty
protocols, any macro is
disab|ed by default CheCk File Path: | C:\Users\CSallaberry\Documents\Codes\xLPR ~

. . .' \Preprocessor_V1.1\Preprocessor_V1.1\Release W
with your information

Microsoft Excel Security Notice ? X

Warning: There is no digital signature available.

This application add-in has been disabled. Add-ins might contain viruses or

teChnOIOgy depa rtment if other security hazards.
thIS iS the case. Maore information
If Fun Wlth the 64_b|t version Of (' Enable this add-in for this session only. >Leave this add-in disabled.

Excel, an error window pops up / N—

Microsof ft Excel / *

| The file format and extension of ‘xLPR-2.1 Preprocessor.xll’ don't match, The file could be corrupted or unsafe, Unless you trust its source, don't open it. Do you want to open it anyway?
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Running the Preprocessors (2/3)

* Once activated, the xll file generates an information message
on the file location. The preprocessor must be run where the

Excel input set file and GoldSim file

are located.

X

‘_ﬁ_‘ eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
= directo

Gl \ A \Codes\xLPRY \

FFA LEAP
Al A\l Al \Codes\xLPR\Preprocess Al

subdirectories TIFFANY and LEAPOR in the current application

dddddddd

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

sssssssssssssssssssssssssssssssssssssssssssssssssssss

rrrrrrrrrrrrr

« After pressing “OK,” a new option (XLPR Preprocessing) is
added to the main ribbon on top with the following buttons:

File Home Insert Draw Page Layout Formulas Data  Review

I T T L

Inspect SDF  Run TIFFANY: Pre-  Run TIFFANY: Post- Run LEAPOR: TC/
Databases | Mitigation State Mitigation State = TWC Leak Rates

Preprocessing Group

View Help TEAM  xLPR Preprocessing
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Preprocessing Gr

Inspect Database
Used to look at tables
created and compare them if
needed

Run TIFFANY Pre-mitigation
Create tables for stress
intensity factor solutions for
surface cracks and through-
wall cracks in both axial and
circumferential directions for
each transient

I T T

Inspect SDF | Run TIFFANY: Pre- | Run TIFFANY: Post- | Run LEAPOR: TC/
Databases = Mitigation State Mitigation State | TWC Leak Rates

up

L

Run LEAPOR
Create tables estimating leak
rates as a function of
temperature, pressure, crack

opening displacement, crack
length, and pipe thickness

Run TIFFANY Post-
mitigation
Create same tables as
TIFFANY pre-mitigation
using updated inputs from

n Post-mitiﬁation
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5 «LPR TIFFANY Preprocessing

° R unn | N g th e p re- p [OCESSOIS | iy i ot

Preprocessing for a Pre-Mitigation State

The preprocessor will run TIFFANY for a pre-

gation state, creating a binary

database of stress intensity factors for semi-elliptical surface cracks subjected
to radial thermal stress gradients. These cyclic thermal stress gradients are due
I T T L to time-d dent coolant i
Summary of Input Data
Inspect SDF  Run TIFFANY: Pre- | Run TIFFANY: Post-  Run LEAPOR: TC/ The number of subunits: 19 [-]; See User Options Cell [EL7].
. ) . R Pipe Outer Diameter: 869 [mm]; See Properties Cell [H26]
Databases = Mitigation State Mitigation State | TWC Leak Rates

Weld Thickness: 67 [mm]; See Properties Cell [H27]

- Dependi th ber of subunits, th
Preprocessing Group pending upon the number of e pre

several minutes to create the database and QA tracking text files.

may take

During TIFFANY execution, this Excel workbook 'xLPR-2.1 Input Set.xlsx' will be locked.

| Close

Creating TIFFANY database - 2% complete

85l xLPR TIFFANY Preprocessing

TIFFANY - Thermal Stress Intensity Factors For Any Coolant History

Preprocessing for a Pre-Mitigation State

The preprocessor will run TIFFANY for a pre-mitigation state, creating a binary
database of stress intensity factors for semi-elliptical surface cracks subjected
to radial thermal stress gradients. These cyclic thermal stress gradients are due
to time-dependent coolant temperature excursions.

TIFFANY - Thermal Stress Intensity Factors For Any Coolant History |
/ |
Summary of Input Data :

iEid i Preprocessing for a Pre-Mitigation State
The number of subunits: 19 [-]; See User Options Cell [E17]. g E |
i | | xLPRTIFFANY P X |
Pipe Outer Diameter: 869 [mm]; See Properties Cell [H26] : ;::’a E;ESZ“(::‘:::S "'I’thl : [eprocesa ;
Weld Thickness: 67 [mm]; See Properties Cell [H27] to radial thermal streg TIFFANY execution completed! due
e / to time-dependent cog
Depending upon the number of subunits, the preprocessing operation may take /£ ) The following files have been copied to the xLPR application
several minutes to create the database and QA tracking text files.

TIFFANY subdirectory:

Summary of Input Data C\Users\csallaberny\Dropbox (Eme2)\Emc2 Team FolderLPR
The number of subunit 2 1\training testTIFFANY
. . . . . Setad Pipe Outer Di : i ftigation sdf
During TIFFANY execution, this Excel workbook 'xLPR-2.1 Input Weld Thickness: 67 [ e R otion 20200721, 08435 .6t
tiffany-output-pre-mitigation. 20200721.084351.txt
) tiffany-pre-mitigation, 20200721,084351,5df
Depending upon the n e
seve i Additional Goldsim table-slement text files have also been
eral minutes to cre created in the TIFFANY subdirectory.
During TIFFANY exec | be locked.

_ sar [ Closo |

Ready

I | cancel |[ Close |

1 Creating TIFFANY dalabase - 100% complete




When Are the Preprocessors Needed ?
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If the preprocessors are not re-run, GoldSim uses the last
text files generated. If no text files are available, GoldSim

uses the values saved in the .gsm or .gs file. |
The TIFFANY and LEAPOR inputs are

. . ! identified by color-coding in the Excel
Modeling fatigue?
 No: No need to run TIFFANY puts setflle

* Yes: Run TIFFANY pre-mitigation [ e =

Property used by TIFFANY

— Modeling mitigation? Froperty used by LEAPOR
* No: No need to run TIFFANY post-mitigation
* Yes: Run TIFFANY post-mitigation

Change in temperature range, pressure range, or pipe
geometry?

* No: No need to run LEAPOR
* Yes: Run LEAPOR

_

(1/2)




When Are the Preprocessors Needed?

 XLPR

* If unsure, it is safer to re-run all preprocessors
(date will coincide with the run date)

« LEAPOR and TIFFANY generate new folders of
similar names to host the tables. Delete folders
before running to confirm latest values are

used.

(2/2)




I”i!H!I““““ PROBABILISTIC FRACTURE MECHANICS CODE

XLPR

Global Settings Dashboard

How to Run xLPR



_xLPR

Controls to set up epistemic
sample size, random seed,
and Latin hypercube sampling
(LHS) options

GoldSim Dashboard Overview

ll'llllllllll

Version 2.1

Q‘LPR Global Settings Dashboard

Sampling Approach

Displays some of the

sampling options

Epistemic (Outer Loop)

Sample Size [ 1

(Display only)

Related Epistemic Sampling Inputs (Display Only)

Controls to refresh input data
and run the code

Importance Sampling Adaptive Sampling
I Intemal | No
Discretization Number of Strata*
| No | 1

*Number of strats must be
an integer greater than 1
and less than the
epistemic sample size

Aleatory (Inner Loo

-~ ‘ N Click on "Monte Carlo'
Set up aleatory random seed tab when window apens
Sample Size I 20

(Display only)

Related Aleatory Sampling Inputs (Display Only)

Importance Sampling Adaptive Sampling
I None | No
Discretization Number of Strata*
| No | 10

*Number of strata must be
an integer greater than 1
and less than the sleatory
sample size

Refresh All Inputs

Run xLPR Model

Results Options

lesults - Axial Cracks

Go to Results - Circ. Cracks

Go to Error Dashboard - Axial Cracks

Go to Emor Dashboard - Circ. Cracks

External Navigation

Inputs

Go to Excel Input Set

Preprocessors

Run TIFFANY

‘When Excel Input Set opens,
select ‘Enable the add-in for this
session only.’ Double cheok all
values highlighted in pink to see
if they have changed. Go to the
top ribbon and select 'xLPR
Preprocessing,’ dick on "Run
TIFFANY: Pre-Mitigation State’
and let the code run. Click on
"Run TIFFANY: Post-Mitigation
Stste’ and let the code run
{Opticnal) Click on "Inspect SDF
Databases’ to check the output
generated/input used.

Run LEAPOR

When Excel Input Set opens,
select ‘Enable the add-in for this
session only.’ Double ched sl
values highlighted in pink to see
if they have changed. Go to the
top ribbon and select xLPR
Preprocessing,” dick on "Run
LEAPOR: TC/TWC Lesk Rates’
and let the code run. (Optional)
Click on ‘Inspect SDF Databases
to check the output
generated/input used




Options Set in GoldSim - Epistemic (Outer)

 xLPR

Loop (Main Options)

Version 2.1
Global Settings Dashboard
Epistemic (outer) loop Sampiing Approach Extermal Navigation
i Aleatory (Inner Loop) Inputs
sample size
e | |
[ 5o 10 oo st e o e et | e e
| ! Sampie 2 Preprocesson
Simulation Settings... * _
Samping nputs ((rsplay Onty) e Era et Set cEete
wied Erabie e 800 - W P
Time  Monte Carlo  Globals Information pang Adaptrve Sampang - oty Doutie Ped oh
— [7 i gttt S e e
5 o # ey “eve Perged 3o o Te
U se LH S orn Ot T Define Monte Carlo options to carry out & probabilistic simulation, = 58 “BEo 88 mina -\-::
- " 3 . Number of Strate’ Papemmng. e o8
%\} and specify the sampling method for Stochastic variables. - - g -
9 't P o9 v The o~
(®)! Probabilistic Simulation: et of weie i be ::'""‘" Fendingeten
o g peste P 1 5 bet Pe ante
. I . . ’17 - | ) Ll e e Optorat :.;.:-”
# Realizations: = Result Options... a—ee nre 3"""_“ i -

[C1Run the following Realization only: Realization: | 4 = _

[[Juse Latin Hypercube Sampling IUse random points in strata

i . TR agrigries L]
- Repeat Sampling Sequences Random Seed: | 1 # Sy heve ....: :- :

U Se ran d om num b er ] Speaty Realization Weights:  \Epis_Weight L:v;.v;:i
generated from random a0 o e 00 Guimeene

Seed an d setu p () Deterministic Simulation
ran d om Seed * Solve Simulation deterministically using:

Element Deterministic Yalues

b
{
i
i
g
i

|
z;

Element Mean Values

Specified Quantile: 0.5

Result Size: 2.80 KB histories, 176.8 KB final values

* If this box is unchecked, then a
random seed is generated randomly,
and the results are not reproducible Cancel Help




xLPR

Run a specific
realization (will be
described in next
seminar)

Used by importance
sampling. Should
always be checked
even when importance
sampling is not used.

Option to run the outer
loop deterministically.
Can be used, but we
recommend setting up
a deterministic run
differently.

Loop (Advanced Options)

Options Set in GoldSim - Epistemic (Outer)

_0 Global Settings Dashboard
Sampling Approach

Version 2.1
External Navigation
Alestory (Inner Loop) Inputs
e | |
R e e )
Preprocessorn
| 1 Sampie 0
Sirmulation Settings... _
Samping inputs ((vsplay Onty) e Era et Set cEete
wied Erabie e 800 - W P
Time Monte Carlo  Globals  Information vang Adaptrve Sampang — oty Doutie Fed e
— i gttt S e e
B N # oy "o Penges Os s Pe
@ Define Monte Carlo options to carry out a probabilistic simulation, 105 “Boo 8n8 miea WP
@ and specify the sampling method for Stochastic variables. - i -~

Repeat Sampling Sequences

@Pro n

\ # Realizations: | 1 = Result Options. ..
[Jrun the following Realization only: Realization: | 4 =
[[Juse Latin Hypercube Sampling UUse random points in strata

Random Seed: |:|

\ [] specify Realization Weights: \Epis_Weight

(O) Deterministic Simulation
Salve Simulation determiniskically using:

Element Deterministic Yalues

Element Mean Values

Specified Quantile: 0.5

Result Size: 2.80 KB histories, 175.8 KB final values

° 4 it P moe nn The o

embe of wets o be

" mge gese P —~
SN I TN The SAESNE Optongi Ll on maped 3OF
- [ Jetstemes . Fed e st

b
{
i
i
g
i

T
!;Ii;
i i‘i
Hi

File size. This will be
discussed later with

Cancel Help

respect to memory
limitations.




xLPR

By default, the window
opens on the “Definition”
tab. The user needs to click
on the “Monte Carlo” tab.

Aleatory sample size is
set in Excel inputs set
file. It should not be
changed here.

These options are the
same as the ones for

the epistemic (outer)

loop

Loop

Options Set in GoldSim - Aleatory (Inner)

SubModel Properties : Main_Model (Ready to Run)

\

Probabilistic Simulation

= # Realizations: = %

Dennimon Intertace . araphics . me | Monte Carlo - Optimization  Information

@ Define Monte Carlo options to carry out & probabilistic simulation,
QQ} and specify the sampling method for Stochastic variables.

Result Options. ..

[Juse Latin Hypercube Sampling

[Jrun the following Realization only: Realization: | 1 =

Use random points in strata

gy
Repeat Sampling Sequences Random Seed: l:l

Spedfy Realization Weights:  \Property_Imports\Optio, .. \AleatoryWeight

-

P of wes)

o e
e el

Are- Exan mput Set cpes
wind E etie e 809~ tr Pa
mamon oriy Double Fed st

iy magrighied = pee o e

Use a different random seed for each realization of the parent model

The aleatory (inner) loop
can use the same sampled
values for each new outer
loop instance or change
them. This option is checked
by default.

() Deterministic Simulation

Salve Simulation deterministically using:
Element Deterministic Values
Element Mean Values

Spedfied Quantile: 0.5

# Pey "eve erged Oo o Pe
e SHEO” 870 mied W PR
Pecromeey 3P or -
LEAPOR TC TAC Loss Rotws
0 et e moe e Opmonel
In® o~ esed $0¢ Dewsteses
® Fes e st

e eed ol amd

Result Size: 178.6 MB histories, 26.4 MB final values

File size. This will be

q discussed later with

respect to memory

l[imitations.




”“Ih. Sampling Options

 XLPR

Different sampling strategies are available:

_

Use of one loop or two (separation between
epistemic and aleatory uncertainties)

Control of epistemic sample size and
random seed

Control of aleatory sample size and random
seed

LHS on either or both loops

Application of importance sampling on
selected values for either or both loops

Use of discrete probability distribution for
either or both loops

Repeat random data or generate new data
for the aleatory (inner) loop for each new
sample of the outer loop

g
/ GoldSim

Excel

NN,

Both



.”“““ Starting a Run
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« Example with Challenge Problem 1 presented in previous

seminar _ _ _
 If the file structure is correct and all sampling options have been

set, we are ready to run:

 Three ways to start a run:

1. Click on “Run xLPR
Model” button on the
Global Settings
Dashboard

2. Click “Play” button on
oo GoldSim Run Controller

3 Press F5 on the
keyboard

_

0.0 aay [B]  reaby
Simulatiom Time Status

= ] CO iR =1 ——




'”“II Run Controller — Main Modes

.\xLPR Edit mode

(before running)

D | t It b t GoldSim Run Controller
elete results or abor — T EFlapeed Time
the simulation (not STATIC MODEL 00:00:00
available in Edit mode) 0.0 gay [E]  Reapy
Simulation Time Status
DR E] - ——e
Run or rerun the Running mode
5|mulgt|on. Pause in (during running)
Running mode. I
Goldfim Run Gontroller =] Menu. Access to f||e
REALIFATION 1/1 — Elapsed Time . . .
STATI MODEL 00:00:01 options and navigation
0.4l controls (not available
Simulzion Time in Run mode)
IT[ TRIERIEH

Results mode

(after running)
Gold5{m Run Cpntroller
REALIZATION: 1/1 Elapsed Time
STATICPAODE ] 00:00:38
044 W] Resulrs
fimulajon Time Status
3] D COC (1=1] ——

_



'”“Ih. Run Controller — Edit Mode
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* GoldSim Run Controller in “Ready” state provides user
run controls as well as access to common menu bar

options.
— liuldSim Run Controller e “READY” |ndlcateS that
STATIC MODEL W%ﬂ’/ simulation is ready to start but
Simulation Timnl:].l:| - SE.JS- READY iS not yet running
OEtartE - ——ee
HE W
Gold5im Run Controller
Play bUttOn REALIZATION: 1/1 Elapsed Time
StartS a Menu button STATIE MODEL 00:00:00
: : 0.04. [m]
SImU|at|0n prOVIdeS Simulation Time 4y Status READY
OCEDE -—
aCCGSS to File J Open ...
Opt'OﬂS and Mavigation r Save
navigation About.. Save As..
controls B e Help Model Info..




'”“IIn Run Controller — Run Mode
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* GoldSim Run Controller in “Running” state provides user

run controls and information about simulation status

Elapsed time shows the runtime
for the simulation

=

Elapzed Time
00:00: 06

GoldSim Run Contraller

REALIZATION: 1/1
STATIC MODEL

[ RUNNING

Status

‘RUNNING” indicates that
e simulation is running without error

Simulation Time

L= Jo (>R[]

Hovering over the GoldSim Run Controller in
“Running” state shows the current epistemic
realization (top line) and current aleatory
realization (bottom line) with operating time

Pause

Stop button

aborts a Realization
simulation number shows GoldSim Run Controller =
the epistemic oo -
realization that B L running

|S Cu rrently [ m ][ [®R][™T] | 'Model' simulating realization 1 at 0 day
runnlng Main_Medel' simulating realization 7 at 0 yr




'”“lln What to Do when a Run is Finished
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SAVE RUN (very
important)

GoldSim saves a lot of data and
displaying them may sometimes °

make the software crash. If the
file has not been saved after
completion of the run, all the
results are lost.




i Saving the GoldSim File

 xLPR

Player Full Version

* The option button in the « Same option as in the player
Controller has a file section to « | gddition, a file menu is

save and open available at the top with the
« Shortcuts Ctrl+S (save) or option to Save Player file
Alt+FA (save as...) also wor which saves a player version

e that can be seen by anybody

[ Goldsim Pro - xLPR-2.1_100.gsm

Version 2.1 File] Edit View Graphics Model Run Help

Global Settings Dashboard (D New N Contols DB
S Open. Ctle0
- Open Example.
Sampling Approach External Navigation o e T
Epistemic (Outer Loop) Aleatory (Inner Loop) Inputs Save &

Version 2.1

‘ng< Dashboard

tab when window opens

o dq Save Copy As..
Ciick on Monte Carlo Goto Excel Input § Py
[ SavePlayerFile.

Preprocessors »

Sample Size [ 1 Sample Size ,
(Bizplay only) (Displsy only) Run TIFFANY : . Exteral Navigation
Related Epistemic Sampling Inputs (Display Only) Related Aleatory Sampling Inputs (Display Only) When Excel Input Set opers. — = Aleatory (Inner Loop) Inputs
select Enable the add-in for s Sendto
impontance Samping  Adapte Samping importanco samping  Adapive Samping Bt
values hignlighted in pink 1o see Protect.. I AR 5 wnen window opens
[ Intemal [ No | Nene [ No iiney reve chared oo 1xLPR-2.1_100.gsm Sample §
top ribbon and select ample Size £
Discretization Number of Strata”™ Discretization Number of Strata” Preprocessing, dick on Rur 2xLPR-21_400gsm isplay only) ‘ Run TIFFANY
TIFFANY: Pre-Mitigation Sfets' 2clPR2.1.gsm
\ No [ 1 [ No. [ 10 and let the code 1. <A on = 3y Only) Related Aleatory Sampling Inputs (Display Only) When Excel Input Set opens.,
“Number of stata must be “Nurber of strats must be. Run TIFFANY: PostMitigation PR oemplevith chonges gom e ™
Mmoo sl o b o st o vt ama et toan ot npiing Importance Sampling ~ Adaptive Sampling session only. Double check sl
and less than he and less than the sleatory (Optional) Cligfn Inspect SOF — T - I Nore [ No vl
A : Detabases 3 check the output if ey have changed. Go'o the
epistemicsamele size samplesize sy sy top ribbon and select YLPR
Discretization Number of Strata* Discretization Number of Strata* Preprocessing.’ cick on Run

TIFFANY: Pre-Mitigation State’

No 9 [ No [ 9

“Number of strste must be Number of sirats must be. Fun TIFFANY: Post Mitigation
Refresh Al Inputs Run xLPR Model Wnen Excel Input Sat opens, umoer of st - Hiumoes of shete st o Staie” and et ihe cade run
an integer graater than 1 anintsasr areater than 1
select Enable the add-in for this - on Inspect SDF

‘GoldSim Run Controller

sessicn only’ Double check sil apisiemicsample size
valuss highlighted in pink to see
‘ if they have changed. Go to the

REALIZATION. sis — EapsedTme
STATIC MODEL — 01:56

Results Options RESULTS.

Preprocsssing, dlick on Run stans
GoldSim Run Controer, o e Lo Ras Refresh Al s — but Set opens,
Goto Results - Aal Cracks REALIZATION 1 Elapsed Time | | and letthe cade run. Optional) - B e ectin fo tis
CTATE MODEL 50,0055 | | Clidhan Inspect SOF Daisbases J | e el
Go'to Resuks - Crc. Cracks 1o chec the ouiput iftney have cranges. Go t tne
04, ®  Resuts generstediinput used n Y o
Simulation Time Status Results Options e

[ER[EICR[L &

B e —————— EAPOR: TCF
wr Go'to Resuts - Axal Cracks. Goto Emor Dashboard - Axial Cracks and let the cad run. {Optional)

Click on ‘Inspect SOF Databases

Go'to Resuts -Crre. Cracks Goto Emor Dashboard - Circ. Cracks 1o chedk ine output
generstedtinput used




H| ™ GoldSim Run Log

- xLPR

* Arun log is generated for each simulation

— GoldSim proposes to check it once a simulation is
complete |~

There were 19 warnings and no fatal errors, Do you want to
display the run log file?
o
GoldSi G
oldSim Run log.t::"-
Simulation Filename: XLPR-2.1_18@.gsm
Simulation Start Time: 7/21/2020 9:55:06 AM

Model Author Name: XLPR computational group

== Simulation Time Settings *»=

The file lists all the
warnings and errors. It is ttttttt

an additional source in <
case Of dany Issue

Realization




I”i!H!I““““ PROBABILISTIC FRACTURE MECHANICS CODE
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Short Break for Questions

xlpr@nrc.gov

Xlpr@epri.com
for Additional Information
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Results

Looking at results of a run and exporting them



_xLPR
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Access Results from the Dashboard

Version 2.1

Q‘LPR Global Settings Dashboard

Access to results for
circumferential and axial
cracks

Sampling Approach
Epistemic (Outer Loop)

Set up epistemic sample size and random seed
Sample Size | 1

{Display only)

Related Epistemic Sampling Inputs {Display Only)
Importance Sampling
| Intemal [ No

Adaptive Sampling

Discretization Number of Strata*
| No [ 1

“Number of strata must be
an integer greater than 1
snd less than the
epistemicsamgle size

Refresh Al Inputs

Aleatory (Inner Loo

Click on "Monte Carlc’
Set up aleatory random seed NI,
Sample Size 20

{Display only)
Related Aleatory Sampling Inputs (Display Only)

Importance Sampling Adaptive Sampling

| None | No
Discretization Number of Strata*
| No | 10

“Number of strata must be
an integer greater than 1
and less than the alestory
sample size

Run xLPR Model

Results Options

o Results - Axial Cracks

Go to Resuits - Circ. Cracks

Go to Emor Dashboard - Axial Cracks

Go to Emror Dashboard - Circ. Cracks

External Navigation
Inputs

Goto Excel Input Set

Preprocessors

Run TIFFANY

When Excel Input Set opens,
select ‘Enable the add-in for this
session only.’ Double check all
values highlighted in pink to see
if they have changed. Go to the
top ribbon and select xLPR
Preprocessing,’ click on "Run
TIFFANY: Pre-Mitigation State’
and let the code run. Click on
"Run TIFFANY: Post-Mitigation
State’ and let the code run
{Optional) Click on “Inspect SDF
Databases’ to chedk the output
generated/input used

Run LEAPOR

When Excel Input Set opens,
select ‘Enable the add-in for this
session only.' Double check all
values highlighted in pink to see
if they have changed. Go to the
top ribbon and select 'xLPR
Preprocessing,” click on ‘Run
LEAPOR: TC/TWC Leak Rates'
and let the code run. (Optional)
Clidk on ‘Inspect SOF Databases’
to check the output
generated/input used

L

Access to error dashboards
for circumferential and axial
cracks




|' H|I||. Checking for Potential Errors and Warnings
M

xLPR

[ ¢ 9 Container Path

' “lll..,,

Warning sign:
warning error —

Go To Global Settings Go To Axial Emors

Go To Circ. Results

ol i
*LPR - - may not be
G ray square: module not |\ X Error Dashboard - Circumferential Cracks Legend | X
serious but
used Crack Initiation « No Error
Crack Initiation Crack Initiation Crack Initiation Crack Initiation n eed S to be
Fatigue Fatigue After PWSCC PWSCC After ‘ | \ Warning Error
Inlay/Onlay Inlay/Onlay Checked
I & & |
w Go To Emor List Go To Ermor List - ique Errors\Warnings
ol Go To Time History =] Called
Green CheCk mark- -Solutions Crack Growth
K-Solution K-Solution Crack Growth Crack Growth Crack Growth
mOdU|e performed as / oS Through Wall Rate for 1D Rate for Depth Rate for OD
(Surface) Crack Crack
expected = = v v v
Coalescence Crack Transition
Coalescence Crack
DLL Transition DLL
= B Stop sign: fatal
Go To Ermor List Go To Ermor List
il A error - usually
Go To Time History Go To Time History
Crack Stability stops the code
Single TWC
Multiple SC Multiple SC Single SC Single SC Single TWC Single TWC Seismic (If Single before the end of
MNominal Seismic MNominal Seismic Nominal Seismic SC Fails Seismic) . .
0 = N N N n N a simulation

R B £ 1o e b B B B (o ol b
Go To Time History | Go To Time History BN Go To Time History |l Go To Time History

Crack Opening Displacement 151 Ramberg-Osgood Calculation
CODDLL COD DLL ISI Inspect ISI Evaluation Ramberg-Osgood
Membrane Bending Calculation

Go To Time History Go To Time History Go To Time History Go To Time History

I
il




|.|‘||||“ Running a Large Sample Size
Ml
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For a long simulation %,

taking several hours, it ®.

Is recommended to first .’
run with a very small

sample size (1-5 minute

simulation duration) to

confirm that no errors

or warnings occur and

that the results look
“reasonable’
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General results:
Consider both axial and \ I|I ]
[
circumferential cracks
General Resu Navigation
Com ircumferential and Axial Cracks Go to Globa) St

-

D LS Ct AL p . Ifl . Flmhahim‘{llﬂtgllnn_'::epair Goto Axial Results Dashboard

results: Summary

results for either axial
. ; Circumferential Crack-SEciﬁc
or circumferential

cracks as applicable h e e

Crack-Specific Results

Results Dashboard - Circumferential Cracks

Go to Circ. Emor Dashboard

Go to Axial Emor Dashboard

Crack Growth K-Selutions
e iHL Depth oHL Inner ] 90

-

Type Position Leak Ra

Crack-specific results: Crack #4 Fesut

Statistics for the first 5 Crack #5 Rt
cracks that occur

o
£
z
2

_



xLPR

Chart: Look at plot of results
Table: Table of results that can
be copied and pasted to Excel
or text file, for instance

Results Options

DD[I Chart  [==] Table

Display: | Realization w #1 ol S 2

Display:

Realization: Only one (epistemic)
realization, selected by the next box
All realizations: Display all
realizations - /!\: DO NOT TRY THIS if
large # of realizations (>2000)
Probabilities: Quantiles over
realizations

Statistics: Selected statistic (selection
in the next box)

Chart Style (chart
mode): Changing x-axis,
y-axis ...

Sorting (table mode):

Access to result element
(greyed-out in Player version)

Qbcurrence

/mparison of Dgfection Methods

0.08
0.06

A4
0.02

0.00
0 10 20 30 40 50
Time (yr)

4

Realization #1

Qccurrence of crack
Occurrence of leak
Occurrence of leak with 15|
— Occurrence of rupture

Seismic contribution to rupture
Occurrence of rupture SSE

—— Occurrence of rupture with 1S
——— Qccurrence of rupture with LRD

Occurrence of rupture with LRD and IS

Surface crack rupture

Surface crack rupture with 15!

Seismic contribution to rupture of surface cracks
Occurrence of surface crack rupture SSE

Pipe system with no cracks cannot sustain N.Q. loads

——  Pipe system with no cracks cannot sustain transient loads

Pipe system with no cracks cannot sustain N.O. loads with seismic

B0




'“lln. Saving Results (Full Version of GoldSim
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. N e e d S to b e d O n e Time History Result Properties : Comparison_Detection (Result Mode) >

Defi
u Mame: | Appearance. .. Show Result >
e O‘ e ru | l | l I I Ig e Deécription: | |
Options
C O d e Primary (Y1) Display Units: I:I Secondary {Y2) Display Units: |:|
Time Display Setting: SubModel Time Monte Carlo Result Options: Options...
Results
* Access result element A "
Main_Model.Occurrence_crack Occurrence of crack Mean (default) —
Main_Model.Occurrence_leak Occurrence of leak Mean {default)
Main_Model.Occurrence_leak_|5l ;: Occurrence of leak with IS Mean (default)

. S e I e Ct a t Of Main_Model.Occurrence_rupture : Occurrence of rupture Mean (default)
€ } \\Mam_l\.ﬂodel.Se|sm|c_Contr|but|... Seismic contribution to rupture Mean (default)

Me_ruptur... Occurrence of rupture SSE Mean (default)

I t t ’ t t Main_ModeI.Occﬁrrmwence of rupture with IS Mean (default) — v
resuits 10 exXport (tex
O r I Xce | O p e n S a Disable Element (results will be unavailable in Result Mode). Export Results

Time History Result Properties : Comparison_Detection (Result Mode) x

new tab

Text Expart Configuration

OOoOgoOds

SHNHSHSHSHNHR] B

[CRIEIIEe e
E0O0EOO M@

TextFile ~

Lt Options »>

Confirm before overwriting contents of an existing file

[ ]
. e W t a g I V e Export automatically when simulation completes

Realization histories

n
I O r eX O rtl n Custom Statistic history
Export Major Periods
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* Extra step to access the result element

Navigate to the model root [ e ]
N e
._us,.;im -
?@—»ﬁj\ — /;( - e 03 ouput -@
v e st . .
GoldSim Run Controller / \ .
e b i
‘ M: m“ S -IEM
0 - A
Simulation Time = SEJS RESULTS h_,,. L e .J,..
B ESED Cli=] —Cy MW
File
Mavigati Previous
About... S
Help Goto Model Root
Exit had
DashBoardl R s
DashBoardl N
DashBoardResults | X
DashBoardResults LOCAs

B

3
g
o
§

Right-click on a
result element and
click “Properties”

to open a result
properties window
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Most common issues and how to fix them



Il”““" Runtime Error — Run Controller Message
Mt

 XLPR
* GoldSim Run Controller in “Error” and “Paused”
states provides user run controls.

GoldSim Run Controller : “ERROR” indicates that
REALIZATION: 1/1 Elapsed Time . .
STATIC MODEL 200003 | | _~ simulation has encountered an
e iation T 2 Eﬁ ERROR error and is stopped or paused
JeICRCE) | —a—
A\
Reset
simulation
GoldSim Run Controller : “PAUSED” indicates that
REALIZATION: 1/2 Elapsed Time . .
STATIC MODEL 00:00:41 simulation has been paused
Lo Oy SD PAUSED |
] (O [Con S Jer——tt

[>R]
_Tj Advance simulation by running
one realization (epistemic)

_




L )

Example of Error (1/3)

e with negative crack growth

[@, nomax) 2588

Power Law Constant, Alpha

[m/=}Mpa-
m1/2}*(beta)

Realization and time
of error occurrence

4% Simulation Interrupted in SubModel "Main_Model":

Module affected

" | Realization:

1of 20 (Monte-Carlo)

SubModel "Main_Model": xLPR_Modellerrors_axial crackl

Model Time: 1.75 yr (time step 21 of T20)
Reported by: Element "CGR_IHL_ac_interrupt'
Located in:

Message:

Axial CGR iHL Fatal Error Reported

[ lgnore for remainder of Simulation

Location in GoldSim




'”““u.. Example of Error (2/3)

 xLPR

Simulation Interrupted in SubModel "Main_Model":

* Tracking an error

Realization: 1 of 20 (Monte-Carlo)
Model Time: 1.75 yr (time step 21 of T20)

Reported by: Element "CGR_IHL_ac_interrupt'
Located in: SubModel "Main_Model": \xLPR_Modenerrors_axial_crackl\

Messzage:
Axial CGR iHL Fatal Error Reported

\Wdﬁ of Simulation
Cooime ] [ o
=

Continues the simulation —

Pauses the simulation and brings to the GoldSim section
where the error occurs

§ 5
P F )
R g

1z}

Lt




. ““In Example of Error (3/3

* Debugging from the error dashboard

I8 GoldSim Pro - xLPR-2.1 - example_with_error.gsm* - o X
f Eile Edit View Graphics Model Run Help
€21 ¢ % CortnerPath: [WLPR_odeherors_aval_srack G _ac_eror_dsp
I GoldSim Pro - xLPR-2.1 - example_with_error.gsm* - 0 X B
File Edit View Graphics Model Run Help .|“|
il
FocL \Emor Log axal dlliiiis
- \\XLPR Description of Errors
”I Crack Growth Rate for ID (Axial)
| I Go To Adal Restits Go To Global Setings — .
y
LPR : 2 o H
Error Dashboard - Axial Cracks Toe
Legend 3 [0
S—
Crack Initiation of moEmor s e e et
Y B (pieipion Wanation
Crack Initiation Crack Initiation Crack Initiation Crack Initiation Y, W 5 112: Ryarogen conPunton o of range
| aming Exror gy
Fatigue Fatigue After PWSCC PWSCC After TP 112 Paatio someffle o s cutof g
fnlay/Onlay fnlay/Onlay Fatal Error 80| | Rt MY et
Z] 5] « =] 9 17 Dutaion o inffarston tme sep i ot of ange o valty
B Muple Unique Exdfenamings e || R e ey
B Module L Hot Called | | 12 - ity
- L 125 Nereat e
K-Solutions Crack Growth u 128 bared s i comsat s ot chrnge o edicty
EN— =S e v e
K-Solution K-Slution Crack Growth Crack Growt! Crack Growth 1P 128 N-besedoff weld fcr st lrangeclvalisiy
Partial Wall Through-WWall Rate for ID Rate fo=Lepth Rate for OD 1% 130: Ni-based olby environmental exponent is out of range of validity
(Surface) Crack Crack v e e ey
« « « w [ o e S v
(NG B oty o istiirtitt
10 o 125 g aaJEAC sonsart st ot e vty
2k 135 S et et ook f gt vy
Go To Time Hstory | | Go To Time History Go To Time Hstory | | Go To Time History vl
o e T
Crack Transition Crack Stability Ramberg-Osgood Calculation 2 e
u
Crack Single SC Single TWC Ramberg-Osgood e fisity v
Transition DLL Nominal Nominal Calculation R Mode: Editing i disabid. Press F to resume. Scole: 100% Fitr OFF _Pause Mode
Goldsim Run Controller
T e
« v ] « STATIC MODEL 00:00:03
Go To Emor List o To Enor List 0day Bl pausen
Simulation Time status
Go To Time Hitory o To Time History | [l Go To Time History (a]>]
Crack Opening Displacement sl
COD DLL 181 Inspect I8! Evaluation
Crack # Errar Flag 101: Material group flag is cut of range of validity
= = 8 102: Mechanism type flag is out of range of validity
Run Mode: Editing is disabled. Press F5 to resume. Scale: 100% Fit 103: Mot Used

104: Operating ternperature is cut of range of validity

105: Reference temperature is cut of range of validity
erla : smme of

.




'”“In Memory Errors
i

 XLPR

* GoldSim V11.1 is a 32-bit program. It is limited
to 3Gb of data.

* If the amount of data required is larger,
GoldSim will crash and stop, then rerun. But no
results will be saved. This is why it is
important to always save when a run is
complete.




'”“Ih Memory Requirements
T

 XLPR

SubModel Properties : Main_Model (Ready to Run) e

Definiton  Interface Graphics Time  Monte Carlo  Optimization Information

« Memory requirement us reported in the P
Monte-Carlo tab for the aleatory (inner) B
IOOp ERunme.fnllowingRealizaﬁo.nonly: |

* The epistemic loop reports additional SR
memory but is not of concern usually By —

« Experience is that aleatory loop is limited —
to 3k to 4k realizations

« Can be expanded to 8k using 80
epistemic x 100 aleatory, for instance

« With no changes, xLPR V2.1 requires 79
Mb of initial memory plus ~0.325 Mb per
realization

— Maximum size with original model ~8k

0
¥ 5C 100 150 200 2 400 450
Number of realizg
Number of realizat

Mb)

(

Goldsim final size
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How to navigate through the GoldSim model



 XLPR

Accessing the model

Full version of
GoldSim

Click on the yellow icon with a
“1” inside (second icon) on
the top toolbar

% Fie Edit Yiew Graphics Model Bun Help

i] 4 o Cortainer Path: [\Results_Dashboard_cc

Results Dashboard -

Player version

Select the last icon in the
controller, then
Navigation and Go to
model root...




'”l“ln Navigating through the Model

 XLPR

Goldsim Pro - xLPR-2.1.gsm* - [u} X
9

File Edit View Graphics Model Run Help

@ Container Path: v

 Containers are
equivalent to folders

XLPR Version 2.1

Comparison_Detection

Indicator Functions cc

>

Global Controls Dashboard Indicator_Functions_ac

5

Circ_Crack_Output Axial_Crack_Qutput

External_IS_warning

Model_Settings Mai solution type: Simulation ight

 Clicking on the “plus”
sign in the upper left

Number_cracks_total MNumber_cracks_cc

Results_Dashboard_cc

: A
314
corner prowdes ES
epistemic_realization Fractional Circ Cracked Area  total_area_cracked_axial
access to the A-
EPIS_Uncert_Transient
[ Results_Dashboard_ac Proba_non_repair_cc Proba_non_repair_total
‘ O | lta I | I e r Spatial_Variability

Total Leak Rate History  Leak Rate Jump Indicators

Df;(-

epistemic_sample_size MNumber_cracks_ac Proba_non_repair_ac




. H“,“ Important Containers

I|“|II|||IIII"i
Ed GoldSim Pro - xLPR-2.1.gsm"™
I PR e Edit View Graphics Model Run Help

@ ¢ # SubModel Path: [\xLPR_Wodel

B Goldsim Pro-x1PR-21.gam - o x @
e Edt Yiew Gaphics Moddl fun Help

Crack_Initiation
¢ % ContanerPath [\

i, arc_Crack

XLPR Version 2.1

Activity Status: Active

Indicator Functions cc ~ ComParison_Detection

Conitional

WA =
- [ CUL I
Indicator_Functions_ac Locas
Extemal IS_warning ® g
ost_Processing
'@ Results_cc Results_ac
———————> | @ e ot - Cire_Crack_Output Al Crack_Output
Gortons e computonlmocel

Model_Settings Mal Souton type: Smuaton
Probabistc (Resizatons: 21)
‘Smuaton Duratn: 60 yr
105 nputs, 161 s

W]
A

Number_cracks_total Number_cracks_cc

[t
[Z]

errors_circ_ffrack errors_axial_crack

Rupture_occurs

[¢2]

Results_Dashboard_cc

epistemic_realization

oo Cr Gk Al e ko i
VAS

EPIS_Uncent_Transient

Error_Log circ Error_Log_axial
::}

Results_Dashboard_ac Proba_non_repar_total

‘Spatial_Variabiity.

Total Leak Rate History ~ Leak Rate Jump Indicators

Circumferential Crack

e

epistemic_sample_size.

Main Model

[ GoldSim Pro - xLPR-2.1.gsm*
Number_cracks_ac Proba_non_repair_ac

{ Eile Edit View Graphics Model Run Help

@ ¢ SubModel Path \\:LPR,Mu L\Circ_Crack

[ GoldSim Pro - xLPR-2.1.gsm*

Eile Edit View Graphics Model Run He

@ ¢ % SubModel Path:|\ \ y 4

E.b

Circ_Crack_Type

= ]
S5 2o 5 s
&1 ST
Property_lmports o XLPR Model _ Debug_aleatory
- B - & Circ_Crack_Stability
Value_Selections View_Properties_Dashboards

Circ_Crack_Leak_Rate Circ_Crack_COD

Previous_inspection_status_cc




i Navigating through the Flow Path (1/2)

 XLPR

 Right clicking on each element gives access to the
commands Function Of, Affects, or both:

— Function Of gives the upstream information (which
elements affect this one). A primary element does not
have this function.

— Affects gives the downstream information (which
elements are influenced by this one). A final element
does not have this function. TP

Building search tree ...

— D'l | ,.,”Ii’_._.-—-—l:""'f
= Function Of...
f i Affects... t

CrackGroy Properties
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i Navigating through the Flow Path (2/2)

 XLPR

 Clicking an element in the Function Of or

Affects windows will navigate to the
corresponding element

 Use the blue arrows to
go back and forth
between locations

<p o SubModel Path: |*xLPR_Hub%Landing_Plz

ing_Platform*Crack _Growth_Input*\Fatigue_growth®.

Building search tree...
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Break



I”i!H!I““““ PROBABILISTIC FRACTURE MECHANICS CODE

_xLPR

Questions and Answers



i WEBEX Q+A
i

 XLPR

CH CH /

nnnnnnnnnnnnnn

000000 00060000

Webex Internet Browser Webex Desktop Client




I”i!H!I““““ PROBABILISTIC FRACTURE MECHANICS CODE

_xLPR

Closing Remarks
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Looking Forward

« Advanced Methods
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Questions?

Xlpr@nrc.gov

Xlpr@epri.com




