
Photos placed in 
horizontal position 
with even amount 

of white space
between photos 

and header

Photos placed in horizontal 
position 

with even amount of white 
space

between photos and header

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and 
Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S. 
Department of Energy’s National Nuclear Security Administration under contract DE-NA-0003525.

Assessing	sealing	glass	
equivalency	based	on	
viscoelastic	behavior

Ryan	Jamison,	Brenton	Elisberg,	Kevin	
Troyer,	Mark	Stavig,	&	Kevin	Ewsuk
Monday,	May	22,	2017

PACRIM	12	&	GOMD	2017
Waikoloa,	HI,	May	21-26,	2017

SAND2017-5423C



Equivalent	Sealing	Glasses

§ What	is	Corning	9013?

§ How	do	we	evaluate	equivalence?

§ What	about	viscoelastic	behavior?
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1	- Schott Glass	8061 2	- MRG	AB88
3	- Elan	5 4	- Elan	13

5	- Community	Glass	
Produced	8061

6	- Community	Glass
Produced 930

Corning® Glass Material Properties 
Glass Type: Alkali Barium (low lead) 
Corning Code: 9013 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Metric English 
Mechanical 

  

Density 2.640 g/cm3 165 lb/ft3 

Viscosity 
  

Softening Point (107.6 poise) 
Annealing Point (1013 poise 
Strain Point (1014 poise) 

 656 °C 
   462 °C 
 423 °C 

 1213 °F 
   864 °F 
   793 °F 

Thermal 
  

Coefficient of Expansion (0 °C - 300 °C) 
(25 °C to set point 679 °C) 

 88.5 x 10-7 / °C 
 99.2 x 10-7  / °C 

49.2 x 10-7 / °F 
55.1 x 10-7 / °F 

Electrical 
  

Log10 Volume Resistivity @ 250 °C 
Log10 Volume Resistivity @ 250 °C 
Dielectric Constant @ 20 °C, 1 MHz 
Loss Tangent@ 20 °C, 1 MHz  

8.9 ohm-cm 
7.0 ohm-cm 
6.7 
0.20 % 

 

Chemical 
  

Weathering: 3 
Acid Durability: 2 

  

Weathering is defined as corrosion by atmospheric-borne gases and vapors such as water and carbon dioxide. Glasses rated 1 will almost never show weathering effects; those rated 2 will 
occasionally be troublesome, particularly if weathering products cannot be removed; those glasses rated 3 will require more careful consideration. 

Acid durability classified glasses according to their behavior in 5% hydrochloric acid at 95 °C (203 °F) for 24 hours.  

Classification: Thickness loss (inches) (1)  < 10-6  (2)  10-6 – 10-5  (3)  10-5 – 10-4 (4)  > 10-4 
 
 
Available in US Standard Mesh 4 through 325 with a minimum order quantity of 100 lbs. 
 
 
 
 
 
 
 
 

  

Excellent for glass 
to metal sealing, 
historically 
leveraged in space 
applications 

corning.com
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Shear	Spectrum	Characterization	

§ Isothermal	frequency	sweeps
§ Constant	frequency	

temperature	sweeps



4

Bulk	Spectrum	Characterization

§ K∞ and	Kg assumed	consistent
§ Multiple	thermal	strain	

measurements



Model	Compression	Seal
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Glass
Symmetry	
Plane

AA

Section A-A

Concentric	seal	geometry
§ Shell	OD	=	16.1	mm,	ID	=	10.8	mm
§ Glass	thickness	=	3.1	mm
Thermal	processing
§ Cool	from	600	°C	to	20	°C
Material	models
§ Glass:	thermo-viscoelastic	[1]
§ Stainless	steel:	elasto-viscoplastic

Perfectly	
bonded	
interface

Stainless
Steel

This portion not modeled

[1]	R.S.	Chambers,	et	al.,	Characterization	and	calibration	of	a	viscoelastic	simplified	potential	energy	clock	model	for	inorganic	glasses,	J.	Non-Cryst.	Solids	(2015)



Baseline	Model	Response
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Radial	Stress
§ The	glass	is	in	radial	
compression

§ The	radial	stress	on	
the	surface	near	the	
shell	is	the	highest

Hoop	Stress
§ The	glass	is	in	hoop	
compression

Glass

Glass Steel

Steel

Radial	Stress

Hoop	Stress



Residual	Stress	After	Sealing	Cycle
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§ There	is	a	small	variation	in	the	hoop	stress
§ The	largest	variation	in	stress	occurs	in	the	radial	direction	
near	the	shell-glass	interface

Radial

Hoop



Residual	Stress	After	Sealing	Cycle

8

§ There	is	a	small	variation	in	the	hoop	stress
§ The	largest	variation	in	stress	occurs	in	the	radial	direction	
near	the	shell-glass	interface

Radial

Hoop



Residual	Stress	After	Sealing	Cycle
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§ There	is	a	small	variation	in	the	hoop	stress
§ The	largest	variation	in	stress	occurs	in	the	radial	direction	
near	the	shell-glass	interface

90%	Confidence
Intervals

Mean

Radial

Hoop



Residual	Stress	After	Sealing	Cycle
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µ =	-11.8	MPa,	s =	2.98	MPa	

§ There	is	a	small	variation	in	the	hoop	stress
§ The	largest	variation	in	stress	occurs	in	the	radial	direction	
near	the	shell-glass	interface

Radial

Hoop

90%	Confidence
Intervals

Mean
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Residual	Stress	After	1	Year

§ Exhibits	similar	trends	to	stress	state	after	sealing
§ The	peak	radial	stress	increases	with	aging

Radial

Hoop
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Residual	Stress	After	1	Year

§ Exhibits	similar	trends	to	stress	state	after	sealing
§ The	peak	radial	stress	increases	with	aging

Radial

Hoop
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Residual	Stress	After	1	Year

§ Exhibits	similar	trends	to	stress	state	after	sealing
§ The	peak	radial	stress	increases	with	aging

90%	Confidence
Intervals

Mean
Radial

Hoop



§ Exhibits	similar	trends	to	stress	state	after	sealing
§ The	peak	radial	stress	increases	with	aging
§ The	change	in	the	deviation	of	peak	radial	stress
magnitudes	is	small

14

Residual	Stress	After	1	Year

Radial

Hoop

Mean
90%	Confidence
Intervals

µ =	-4.59	MPa,	s =	2.68	MPa	



15

Effects	of	Aging	on	Peak	Radial	Stress

§ The	peak	radial	stress	
increases	from	-17	MPa	
to	-11	MPa	for	the	
baseline	case

§ The	largest	change	in	
peak	radial	stress	is	
greater	than	40%

1	hour 1	day 30
days



Assessing	Equivalency

§ Used	indentation	methods	to	infer	residual	stress*
§ Model	variation	within	experimental	variation

16

Mean
90%	Confidence
Intervals

*Data from Thomas Buchheit



Conclusions

§ Analyzed	the	viscoelastic	behavior	of	equivalent	glasses

§ Shear	and	bulk	relaxation	moduli	characterized	for	equivalent	
glasses

§ Material	model	realizations	created	and	propagated	through	
simple	concentric	seal	model

§ The	confidence	bounds	for	the	surface	stress	are	tight	near	
the	center	and	wider	near	the	shell

§ Based	off	available	experimental	data,	the	glasses	analyzed	
could	be	considered	equivalent

17
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The	SPEC	Model

The	Simplified	Potential	Energy	Clock	Model1	allows	for:
§ Stress	during	cooldown
§ Structural	relaxation
§ Creep
The	SPEC	model	was	calibrated	for	Schott	8061	sealing	glass2
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Shear	Spectrum	Characterization	
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Bulk	Spectrum	Characterization
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