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0.00002 0.02 2.0
0.167 167 16,667
0.00 2.78 277.78
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SmartuQ COMSOL

SmartuQ COMSOL GUI
« COMSOL SmartuQ
e SmartuQ COMSOL
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¢ COMSOL Multiphysics
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Lower Bound

100

Input Parameter

Upper Bound

/‘

Length [ft] 70.000 110.000
Width [ft] 8.000 12.000
Height [ft] 16.000 24.000
Diameter of Aluminum [ft] 0.070 0.125
Beam Thickness of Steel [ft] 0.070 0.125
Thickness of Concrete [ft] 0.400 1.000
Load [Lbf] 18,000.000 22,000.000
Density of Concrete [slug/ft3] 4.00 5.00
Young’s Mod. of Concrete [slug/(ft*s?)] 4.7e8 5.7e8
Density of Aluminum [slug/ft3] 4.750 5.760
Young’s Mod. of Aluminum [slug/(ft*s2?)] 1.2e9 1.9e9
Density of Steel [slug/ft3] 13.725 16.750
Young’s Mod. of Steel [slug/(ft*s?)] 3.7€9 4.6e9




SmartUQ Demonstration
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Length of Bridge Height of Bridge Width of Bridge Diameter of Alu... Thickness of Ste... Thickness of Co... Load

350,000
300,000
250,000
200,000
150,000
100,000

7,000
6,000
5,000

2,000

[bf] 0.0023495

[bf] 0.0037402
[MPa] 0.0638016

[MPa] 0.0526730
[MPa] 0.0646633

-
=
=

wn

=

Z [ 1 0.0731695

200 g ol og.‘ as 220, 0 | i o . s
150 .
50
(RMSE) -l'! % L.!,M! ! < Q
MSE [ ] [ ] [ ] [ ] . [ ]

Max Disp. Z Con... Max Stress Alum..Max Stress Steel ... Max Stress Conc... Weight of Beams... We ight of Coner..
ok ol o L




VS

. 100

o 10MPa Height of Bridge 10.89661  9.936889
o < 175 MPa Width of Bridge 16.00692  16.04811
o < 150 MPa Diameter of Aluminum 0.092157  0.117278
o > 0.5 ft Thickness of Steel Beam 0.101926  0.107179

Thickness of Concrete 0.5 0.5
0:49:56 <0:00:01
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PERFORMANCE
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: [ / 3] 45 .00049
s [ /(ft's2)]  5.2e8  21,491.976
. 300 [slug/ft3] 5.255 .00089
[ /(ft*s2)]
o 2 1.55e9 2.030,443.831
’ 175 Ib2 [slug/ft3] 15.2375  .008776
: 5.25 |b2 :
/(ft*s2)] 4.15e9 2.611,427.783
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Purpose:

[ ]
[ ]
Calibrated Simulation vs. Physical Data
0.30
et
- —
- .
Types and Applications
E
* €
£ 0Zzo
ﬁ . )
a ——Max E [210 GPa)
2
EL 015 =  Experimental
Min E [190 GPa)
Y 0.10
—— Statistical Cal. {194.15 GPa)
0.05
0.00 0.20 .40 0.60

Applied Force [M]
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System Model

Model

Fitted
Statistical Calibration
Calibration Parameters

_ Improved
‘ Predictive
Model

Discrepancy
Model

Recorded Variables =

Calibration Parameters ==

Experiment ag

Recorded Variables —3 [

Indirectly Observable Parameters _g, »

Real World System
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/ Length [ft] 70.000 110.000
Width [ft] 8.000 12.000
Height [ft] 16.000 24.000
25 DOE 25 < Diameter of Aluminum [ft] 0.070 0.125
Beam Thickness of Steel [ft] 0.070 0.125
Thickness of Concrete [ft] 0.400 1.000
K Load [Lbf] 18,000.000 |22,000.000
f De of Concre 4.375
ouno od. of Co 0 5.2e8
De of A 0 5.200
° < oung od of A 1.6e9
0
De of Stee 0 14.5
\ oung od of Stee 0 4.1e9
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Forward Problem

Input
(Observed) Analysis

e (Simulations/
Physical Testing)

Output

Inverse Problem

Output
Analysis (Observed)

° (Statistics/
Inverse Analysis)

Input
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“True” Value (From  Distribution Mean

Mock Physical Data (From Inverse Percent Error
Creation) Analysis)
Density of Concrete [slug/ft3] 4.44 4.38 -1.57
Young’s Mod. of Concrete [slug/(ft*s2)] 5.21E+08 5.20E+08 -0.18
Density of Aluminum [slug/ft3] 5.25 5.20 -0.91
Young’s Mod of Aluminum [slug/(ft*s?)] 1.53E+09 1.60E+09 4.57
Density of Steel [slug/ft3] 14.98 14.50 -3.19
Young’s Mod of Steel [slug/(ft*s2)] 4.13E+09 4.10E+09 -0.65
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SmartuQ White Paper -
SmartUQ White Paper -

. SmartuQ
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HP: https://kesco.co.jp/service/smartuq/
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. CV 1-CV2 R2
. CvV 0.30 R2 0.91

Standardized CV Value | Accuracy of the Model

0.05 or below
0.05t0 0.10
0.10t0 0.20
0.20t0 0.30
Above 0.30
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VS
. 1,300

[Ibf] 115824.868  115588.0454  -0.204%

[Ibf] 4903.745 4910.780  0.143%
[MPa] 7.430 7361  -0.935%

[MPa] 174.048 175527  0.850%
[MPa] 75.244 75.718  0.630%

Z [ ] -1.952 1942  -0.531%
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VS

1
70
500
70
300
30
%300

500

300

300

Height of Bridge [ft] 11.883 11.883
Width of Bridge [ft] 16.000 16.000
Diameter of Aluminum [ft] 0.984 0.983
Thickness of Steel Beam [ft] 0.982 0.979
Thickness of Concrete [ft] 0.500 0.500

25 hours 1.02 seconds



[ 3EL/7::0

I N N

Density of Concrete 4.375 4.374257 0.016981
Young’s Mod. of Concrete 5.20E+08 4.82E+08 7.381226
Density of Aluminum 5.2 5.03724 3.130005
Young’s Mod. of Aluminum 1.60E+09 1.49E+09 6.68033
Density of Steel 14.5 14.5075 -0.05175
Young’s Mod. of Steel 4.10E+09 4.6E+09 -12.0854
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Std RMSE for

Calibrated Emulator

Std RMSE for Prediction
Adjusted by

Percent

Weight of Concrete
Weight of Beams

Max Stress in Concrete
Max Stress in Steel

Max Stress in
Aluminum

Max Displacement

Copyright © SmartUQ. All rights reserved.

Prediction
0.001841

0.005247
0.492208
0.295452

0.166567

0.078378

Discrepancy Emulator

0.002261
0.003744
0.100429
0.116881

0.205312

0.07425

Improvement

-18.58%
40.13%
390.11%
152.78%

-18.87%

5.56%
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