Engineering Laboratory



Building
Envelope



* Two parts:
Economics of Material Durability
State of Art in Service Life Prediction.



Service Life Prediction.






Call in the consultant.

Need 6,102 cartridges.



Call in the consultant.

This is larger problem: There is no effective method
to determine the durability of the installed product.
We do know from field studies: 50% fails within 10

years, 95% fails in 20 years



Install the Material.

$4/30.5cm
$8/30cm

$110k
$220k



Take out a loan.



The Materials
Costis 10% of
the total cost!!




Year 3
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So how much did it cost?



What if the material lasted 10 years?



What if the material lasted 20 years?



($404,857)
($354,136)
($314,957)

($283,905)
($262,346)
($237,363)
($219,885)
($205,315)

$50,721

$89,900
$120,952
$142,511
$167,494
$184,972
$199,542



Increased Durability yields
significant savings.




Why not increased durability?



State of Art in Service Life Prediction.



How is it done now?

[. Product Approval

II. Product Development






Make Visual Comparison

Outdoor exposure
Vs.
“Accelerated” exposure




There has got to be a better way...



Material Becnoance
viatvilial 1\\/01.1\)110\/

Reliability-Based SLP Methodology

Instrumented Outdoor Exposure
\mulative Dosage
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Databases SLP Estimate

" Temperature




Characterize the Service
Environment



Creating Controlled Dosage



How do Biologists think about skin
exposure?



Biological Cumulative Dosage
Models




What does that mean?
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Strain (%)

Test Matrix

Open Symbols are no UV

25

20
15
10

75
50
25

HUm ..
mldlty (%)

OdXadprmeeo

Set 1
Sets 2,3
Set 4
Set 5
Set 6
Sets 7,8
Sets 9,10
Set 11




Material Becnoance
viatvilial 1\\/01.1\)110\/

Reliability-Based SLP Methodology

Instrumented Outdoor Exposure

Cumulative Dosage
Model

- emmaeienen
/\

Databases SLP Estimate

" Temperature







How this would work

Failure criteria




Real Statisticians model:

O 0O 00



37



38



39






What about Service Life Prediction?

model

- Two goals:



Prediction of Modulus Change 2007-2011

0.000 —

-0.002

-0.004 —

-0.006 —

-0.008 —

5 -0.010

-0.012

Width of line is estimate of Relative Standard Uncertaint

25% static strain

0% static strain







Energy Plus Simulation Software.

ASCII text based weather, input, and output files that include hourly

or sub-hourly environmental conditions, and standard and user definable
reports, respectively

Lots (1000’s) of weather stations across the US....



Sealant C Predicted Modulus After One Year (locfit)
m 097 = 0973 = 0976 = 0.979 0.982




Summary.



Building
Envelope



Engineering Laboratory



Need to Validate these predictions.



Other Systems?

Model linking SPHERE to Outdoor- Coatings.




Loss of 1510 cm-1

-0.2 1

0.4 -

-0.6 1

-0.8 -

Degradation Mechanism is the same.

Link with Chemical Metrics
(Degradation Mechanism)

Indoor:25°C,100% ND (16)
35°C,4RH,4WL, 100% (64)
45°C,2RH,4WL, 100% (32)
55°C/75%RH,60% ND (16)

Outdoor: G4-17 (56)

llllll

Indoor (128)

Field (56)

0.1

0.2

0.3 04 0.5
Increase in 1658 cm-1

0.6



Linkage of Field and Laboratory Results

Link with Dosage and Cumulative
Models (Damage)

Outdoor experimental data

Considering
T, RH, UV

Predicted outdoor damage
Observed : using indoor data

Brian's predicted scheme2
Qur prediction
20 30 40 50

Exposure Time in Days . July, 2004




