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ABSTRACT 

With the increasing emphasis on worker safety, gloveboxes are being relied upon in Safety Analyses to be a 
confinement boundary. Many of the accident scenarios result in a requirement that these gloveboxes be seismically 
qualified. Since there is currently no validated experience data category for gloveboxes, the qualification has 
generalIy been done by analysis. The weak link in assuring confinement integrity by analysis is in characterizing 
the glass and glass-to-glovebox seal in the analytical models. 

Consequently, analysis of gloveboxes typicalry in~olves engineering judgement as to whether the windows will 
survive aseismic event based on total calculated deflection at the window. Most often the windows are assumed to 
lose their confinement capability during an earthquake. A quantitative basis is needed in order to evaluate the seismic 
capacity of ihese windows. I 

A series of deformation tests are being performed at the Savannah River Sih on glovebox mock-ups. This paper 
presents the results of the first two of these tests, including displacement profiles and leak rate data. Methods for 
using this data for evaluating the windows for seismic loads are proposed. 
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PURPOSE 

In most plutonium .processing facilities, the 
primary containment boundary for preventing thi: 
release of plutonium is gloveboxes. As part of 
the seismic analysis of gloveboxes at the 
Savannah River Site (SRS), it was necessary to 
evaluate whether or not a breach of the 
containment boundary would occur following a 
design-basis earthquake. Containment refers to 
the ability of a system to prevent an unwanted 
release of its contents. This boundary includes the 
glovebox windows. In many facilities at the 
SRS, these windows consist of safety-glass 
panels, Neoprene gaskets, and stainless steel 
retainer frames which are bolted to the stainless 
steel glovebox cabinet. 

The purpose of these tests was to provide a 
quantitative basis for evaluating glovebox window 
deformations which occur as a result of lateral 
loads (i. e., seismic loads). Prior to this test, the 
extent of the integrity of a glovebox containment 
boundary following a seismic event was 

unknown. It is the intent of this test to evaluate 
the containment capacity of the glovebox 
boundary when subjected to displacements which 
are induced by seismic loads. 

TEST METHODOLOGY 

BREACH OF THE CONTAINMENT 
BOUNDARY 

Gloveboxes. normally have some finite amount of 
leakage past gaskets when subjected to pressure 
differentia. Because the interior of gloveboxes is 
maintained at a lower pressure than the exterior, 
the direction of air flow past the gaskets is into 
the glovebox. 

Seismically-induced loads have the potential to 
"open up" the gaskets. It is assumed that there 
exists a critical value of air speed, related to the 
size of the opening across the boundary, at which 
containment is breached. Openings occur when 
the glass is broken or by failure of the gaskets. 
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For an unbroken window leaks can occur when a 
gasket comes out of contact with either the glass 
window or the glovebox steel. This is a 
possibility during an earthquake because of the 
differences in stiffness of the window components 
and a lack of a physical attachment between the 
window components. When subjected to very 
small deformations (e.g., a worker bumping 
against the window M e ) ,  the gasket is flexible 
enough to accommodate the movement. 
However, the effect of large scale deformations 
was previously unknown. 

It is not sufficient to evaluate windows based on a 
single critical displacement because of variations 
in the size and stiffness of gloveboxes. It is the 
change in the displacement profile (Le., curvature) 
around the window opening that creates the 
potential for separation of the gasket from the 
other surfam. 

For example, if the top of a glovebox is displaced 
but no relative deformation is introduced along the 
window opening (see Figure I), then there is no 
significant potential for the surfaces to separate. 
Alternatively, when curvature is introduced at the 
window opening, the gasket has a potential to 
separate from the other surfaces. This is due to 
the tendency of the glass to remain undeformed 
while the steel glovebox tends to deform under the 
applied load. .- 
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Thus it is reasonable that the containment 
capability of windows, when subjected to out-of- 
plane deformations, can be evaluated based on the 
curvature which is imposed on the steel glovebox 
enclosure. "Validation" of this methodology can 
be accomplished by comparing the results of each 
of the tests. 

ASSESSMENT OF LEAKAGE 

In order to establish the "capacity" of the 
containment barrier, it is necessary to determine 
the sealing performance of the gasket under 
typical loadings. The strength of the glass is 
highly statistical in nature [l, 21, and can be 
evaluated using existing test data. 

To relate the test results to an analysis of a full 
scale glovebox, it was desirable to evaluate the 
size of the displacement-induced opening as a 
function of the displacement profiles. It is not 
possible to determine the leak area directly: 
however, the relative size of the opening($ can be 
determined by monitoring the flow rate of air 
through the boundary. 

This was done by fabricating the test fixture as a 
flow-measurement manifold. To maintain a 
constant pressure differential across the window, 
the amount of air flow through the boundary must 
be increased as the size of the opening(s) 
increases. Thus if any leak occurred, the flow rate 
would have to be increased to maintain the desired 
constant pressure. For these tests, the flow was 
measured for pressure differentials of -0.5 arid -0.8 
inches of water, corresponding to the range of the 
operating pressure at SRS facilities. 

The criterion for the flow rate which was 
considered to be a leak was defined as 3 standard 
cubic centimeters per minute (SCCM) based on 
the size of the fixtures and the ASTM design rules 
for plutonium gloveboxes [3]. The test results 
can then be related to the seismic analysis by 
prescribing safety factors and comparing the 
deformation profiles determined by analysis to 
those for which a leak occurred during the tests. 

Curvature in Shell 

Rotation at Base 

Figlire 1: Displacement vs. Curvature 



Laminated 
Glass 

Figure 2 Cross-Section of Attachment Detail 

TEST SET-UP 

The tests were conducted using full-scale 
windows. Gloveports were included in the glass 
so that the window stiffness was equivalent to 
those in field gloveboxes. 

Figure 2 shows the window detail which was 
evaluated during all tests. The steel panel which 
represents the glovebox shell w& mounted to an 
enclosure which served as the test manifold. The 
flow rate of air through the manifold is an 
indication of the size of the open2ing(s) through 
the glass or gasket, and will be related to. the 
integrity of the containment bdundary by the 
methods presented in this report. 

TEST PARAMETERS 

Internal PressuE 

Tests were conducted at -0.5 and -0.8 inches of 
water in order to simulate field conditions. 
Originally, it was not known if a larger pressure 
differential would help to seat the gasket, or 
merely increase the flow rate past it. 

, '  

Bolt Toraue 

Pre-test studies showed that the flow rate past the 
gasket decreased exponentially with an increase in 
bolt torque. These tests indicated that insufficient 
compression in either the window gasket or the 
gloveport gaskets can change the overall leak rate 
by an order of magnitude or more (41. 

A bolt torque of 20 inch-pounds was applied 
uniformly in all three tests, using the pattern 
specified in facility installation procedures. 
However, these procedures specify a torque of 25 
to 30 inch-pounds. By under-torquing the nuts, 
relaxation effects are accounted for and test 
conditions are more representative of field 
conditions. This will give a conservative 
prediction of the leak rate. Increasing the torque 
could adversely affect the performance of the 
glw; however, this test does not attempt to cover 
strength testing of glass. 

LoadinP Co n fimrations 

The tests were conducted by applying an external 
psuedo-static load to the fmtures at discrete 
intervals of displacement. Different loading 
configurations were used so that air flow (and 
hence the extent of the change in the opening 
area) could be determined for -various types of 
displacement profiles. Figures 3 and 4 show the 
loading configurations for each of the first two 
tests. 

Test 1 consisted of loading the window in a 
cantilever-like pattern, typical of the swaying 
motion experienced by tall gloveboxes. Test 2 
consisted of racking the glovebox window, typical 
Of displacement patterns caused by non-uniform 
wall stiffness. 

At each interval during the tests, the load was held 
constant while displacement profiles were 
obtained and the flow rate was measured at the 
operating pressure(s). 
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Figure 3: Test 1 Loading Schematic Figure 4 Test 2 Loading Schematic 

RESULTS 

TEST ONE DATA TEST TWO DATA 

During the first test, there was no measurable 
flow until the top of fixture was displaced 1.3 
inches. At this position, the flow rate was 
approximately 8 SCCM. The fixture was then 
unloaded; however, the gasket seal was not 
recovered. As shown in Figure 5, this same leak 
persisted without significant change until the 
glass panel cracked, at which point the flow 
increased by an order of magnitude. . 

During Test 2, no leaks occurred until the window 
panel cracked. At this point, the leak rate was , 

measured to be 63 SCCM. While it is believed 
that the leak was through the glass, it should be 
noted that when the test furture was unloaded, the 
leak rate dropped by an order of magnitude. It is 
conservatively assumed that the leak could have 
occurred from either the gasket or the glass. 
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' Figure 5: Comparison of Leaks - Gasket vs. Cracked Window (Test 1) 



DATA EVALUATION 

The critical curvature in the glovebox shell, 6", 
can be determined by curve-fitting the data at the 
instance where leakage occurred. Figure 6 shows 
the displacement profile at this point for Test I, 
along with a curve-fit of the dam. 

6 = (-5.9%-8)# + (5.94e-7)y3 + (5.01e4)y2 
+ (1.37e-2)y + 5.9Oe-4 (1) 

Using this curve-fit, the maximum curvature at 
this instant is found to be 1E-3 radians per inch. 
This is assumed to be the criticaI curvature which 
caused the leak from the gasket. 
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Figure 7 shows the displacement profile (dong 
the side) of the fmture when the leak occurred for 

.Test 2. A curve-fit of the data is also included: 

6 = - (2,68e-7)# + (1.85e-5)y3 + (2.19e-2)~~ 
+ (2.3 le-2)y + 2.42e-4 (2) 

From this curve-fit, the m-um curvature at 
this point is found to be 1.4E-3 radians per inch. 
This is assumed to be ihe critical parameter for 
the Test 2 data. 
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Figure 6 Displacement Profile for Leak at Gasket (Test 1) 
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Figure 7: Displacement Profile for Test 2 Leak 

DATA COMPARISON 
I 

Table 1: Comparison of Test Results 

Test Failure Mode Leak Rate Critical Curvature 
W C M )  (h-1) 

1 Gasket 8 1E-3 
Glass 242 > 1E-3 

2 Gasket 63 1.4E-3 
Glass 63 1.4E-3 

By inspection of Table 1, it can be seen that the 
load-induced leaks past the gaskets were 
approximately an order of magnitude lower than 
leaks from a cracked window. 

A final observation during the tests was that, 
although large displacements did cause the 
windows to crack, the glass panes retained . 
sufficient stiffness such that they would not fall 
from their retainers even under strong shaking. 
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CONSIDERATIONS 

contents of the glovebox, and the consequences of 
failure. 

ASSUMPTIONS 

(1) The gloveboxes fulfill their intended , 

. containment function and meet ASTM . 
requirements for leak-testing prior to a 
seismic event. 

(2) A conservative seismic analysis will be 
performed. Normally such an analysis will 
not account for the stiffness conhibuted by 
the window retainer frame and gasket. The 
safety factors which are proposed will 
reflect this expectation. 

(3) The W A C  system of the gloveboxes 
remains functional. This is necessary to 
validate the test since data was obtained for 
constant pressure differentials. If the 
W A C  system of the glovebox becomes 
non-functional, a highly time-dependent 
response is encountered. 

TIME DEPENDENCY OF THE TESTS 

Since the behavior of both glass and Neoprene are 
highly timedependent, evaluation depends on the 
duration of the applied loads, Seismic events 
usually last 30 seconds or less: and therefore the 
applied loads are short-term unlGss permanent 

* distortion is introduced into the, steel. Elastic 
displacements introduce short-term loads while 
plastic deformation produces long-term 
(permanent) loads. 

NEOPRENE PROPERTIES 

Deformations of the Neoprene gasketcan initially 
create leaks, although its performance tends to get 
better after a short period (e.g., a few hours). 
?his effect is due to creep properties of the gasket 
which tends to fill any separation between 
surfaces. Long-term aging, on the other hand, is 
beyond the scope of these tests. 

GLASS PROPERTIES 

If directional components are significant, the 
maximum principal tensile stress should be used 
to evaluate the glass. Shear energy should not be 
used to evaluate glass since failure is always from 
a, tensile component [I,  21. The effects of cracked 
glass, if any, can be evaluated based on the 
capabilities of the ventilation system, the 

.. 

If the response of the steel is entirely elastic, then 
the loads imposed on the glass and gasket will be 
short-term (probably less than 30 seconds). Since 
MOR (Modulus of Rupture) tests for glass are 
typically performed for similar load durations [l], 
the lower bound of stmgth test data is a good 
estimate of its capacity during an earthquake. 

plastic De formation 

Plastic deformation of the steel introduces long- 
term loads into the glass. Studies have shown 
that the MOR under long-term loads (1 day or 
more) can be as littleas 40% of the values 
predicted by conventional tests [2]. 

DYNAMIC EFFECTS 

A modal test was performed on the window and 
the first natural frequency of the window was 
found to be greater than 33 hertz [a. Thus, for 
this particular configuration, no additional seismic 
amplification of the glovebox window is 
expected. 

ADDITIONAL CONSIDERATIONS 

In addition, the following should be considered 
when analyzing windows: 

1) The gloireport openings add abrupt 
stiffness, changes and stress 
concentrations. For glass, these 
concentrations must be accounted for even 
when there is no reversal of loading [I 3. 

2) During installation, a pre-load, is 
introduced into the glass by tightening the 
retainer h e .  

Safety factors are needed to account for these 
items. 
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PROPOSED ACCEPTANCE 
CRITERIA 

COMPARISON OF GASKET AND 
GLASS PARAMETERS 

Critical curvature for the glass can be determined 
by the approximate relation: 

(where oa=dowabIe stress, E=Young's Modulus, 
c=half the thickness of the glass). 

Table 2 shows a comparison of critical curvatures 
based on the test data and published data for glass. 
Because of its'statistical nature, glass exhibits a 
lower critical curvature than does the gaskets. 
Also, the consequences of failure of the gasket are 
small relative to the consequences of a broken 
panel. For these reasons, it is proposed that 
evaluations only need consider the consequences 
of displacements to the glass. 

ANALYTICAL METHODS 

Based on the results of these tests, the following 
steps are recommended when engineering analysis 
of glovebox containment is required: 

1) Estimate, by analysis, the worst-case 
displacement profile(s) for a glovebox 
window. 

2) Determine the niaximum curvature caused 
by the displacements by curve-fitting the 
pro file(s). 

3) Estimate the maximum tensile stress in 
the glass using the relationship o=cEG". 
The curvature of the glovebox shell is a 
conservative prediction of the curvature in 
the glass. , 

ci) Compare the calculated stress to a reduced 
allowable working stress (e.g., lo00 psi 
stress in glass for elastic metal response; 
other values may be appropriate depending 
on the window material). 

Table 2 Comparison of Evaluation Parameters 

Response of Component, Evaluation Lowex Bound 'Proposed Safety Evaluation Critical 
Steel, Parameter Value F a ~ t o r ( ~ * ~ )  criteria curvaf.ln-e(5) 

Enclosure [Reference] 
f 

Elas tic Glass Short-Term 2000 psi(1) . 2  oa=loOO psi 4E-4 in-1 

Gasket Separationby 1E-3 in-1 2 6"=5Ep in-1 5E-4 in-1 
Stress r2,3 

CUrVahlre mi testl(6) 

Stress [I, 2.51 

Curvature mis testl(6) 

Plastic Glass Long-Tern loo0 psi(2) 2 oa=SOO psi in-1 

Gasket Separation by 113-3 in-1 2 P = S E ~  in-1 S E ~  in-1 

Notes: (1) Allowable working stress which has a nominal failure rate . 

(2) Working stress reduced by 50% to account for short-term MOR tests 
(3) Published working stresses are decreased in order to further minimize the possibility of failure 
(4) Test data related to the gaskets is factored to account for statistical variations 
(5) For glass, 6" = o&E 
(6) Curvature when leak first occurred (fmm Table 1) 

. 
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SUMMARY OF CONCLUSIONS 

In summary, the following observations were 
made during the tests: 

. ,  1) The glass, even if cracked, will not break 
free from its retainer. 

2) Load-induced leaks past the gaskets are 
insignificant relative to leaks through a 
cracked glass panel. An assessment of 
the containment boundary is governed by 
the glass, because of its low strength and 
statistical nature. . 

3) For constant pressure (-0.5 to -0.8 inches 
of water), a flow rate on the order of 50 to 
250 SCCM can be attributed to a cracked 
glass. 
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