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James N. Robinson 
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1. INTRODUCTION 
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requi rements  i s  af f i rmed by competent r e v i e w  and a u d i t ,  w i l l  not f a i l .  i n  
service,  Because human e r r o r  cannot always be  el imi .nated,  f a i l u r e s  will 

occur ,  b u t  w i th  proper  des ign  t h e  number of f a i l u r e s  will be  h e l d  t o  a 

minimum 

- Design considerat i .ons 

The degree of i n t e g r i t y  necessary i n  a viewing wimlcw i s  dictated 

by t h c  n a t u r e  of t h e  service t o  which t h e  chamber i s  committed, For 

a competent des ign  t o  b e  s p e c i f i e d ,  t h e  necessary i n t e g r i t y  must b e  

def ined  i n  s p e c i f i c ,  clear, and meaningful des ign  criteria. The c r i t e r i a  

should b e  r ea l i s t i c ,  n o t  just conservative, f o r  an extremely r e s t r i c t i v e  

c r i t e r i o n  -- t h a t  f a i l u r e  must be  imposs ib le ,  f o r  i n s t a n c e  - -  might pre- 

c lude  t h e  use  of windows a t  all. A c r i t e r i o n  that  permi ts  (even 

improbably) f a i l u r e  might need t o  res t r ic t  the mode of pe rmis s ib l e  

f a i l u r e  to a less hazardous one - perhaps t h a t ,  i f  a window f a i l s ,  

personnel  must b e  p ro tec t ed  from f l y i n g  fragments by a pro tec t ive  s h i e l d .  

The circumstances i n  which a pos tu l a t ed  window f a i l u r e  might  occur 

must b e  cons idered ,  f o r  a window f a i l u r e  can occur  e i t h e r  dur ing  r o u t i n e  

ope ra t ions  o r  i n  consequence of t h e  f a i l u r e  of some o the r  component of 

t h e  sys t em.  This  p o s s i b i l i t y  is  p a r t i c u l a r l y  important  with r e s p e c t  t o  

personnel. s a f e t y ,  because i t  may n o t  always be poss ib l e  t o  c o n t r o l  the. 

l o c a t i o n  or  a c t i o n s  of personnel. under emergency cond i t ions .  

I n  s t i p u l a t i n g  t h e  des ign  c r i t e r i a  f o r  a chamber, i t  is  important 

t o  cons ide r  the most extreme cond i t ions  t h a t  can be  imposed on t h e  

chamber, no t  j u s t  t h e  cond i t ions  t ha t  are intelslded to be imposed on the  

chamber. For i n s t a n c e ,  a chamber to be used a t  a s l i g h t  vacuum should. 

be designed f o r  t h e  g r e a t e s t  vacuum that  a connected pump can p u l l ,  

unless a ''vacuum breaker ' '  i s  provided,  and then only i f  the vacuum 

breaker cannot b e  overpowered by the pump. Design c r i t e r i a  should 

recognize  t h a t  test c o n d i t i a n s  may be  more s e v e r e  than a n t i c i p a t e d  

extreme a p e r a t i n g  cond i t ions  -- f o r  i n s t a n c e ,  an overpres~u~e test may 

be  r equ i r ed  t o  demonstrate  the adequacy of a d e s i g n ,  

Three s p e c i f i c  hazards  should b e  considered i n  establishing the 

cr i ter ia  f o r  any window. These are (1) f i r e ,  i n t e r n a l  o r  external,  
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Disadvantages : a. Breaks i n t o  sharp-edged sha rds .  

b. Weaker than  s t rengthened  (semitempered o r  

tempered) g l a s s .  

P r o p e r t i e s :  a. Modulus of r u p t u r e :  3000 p s i  (long-term 

loading)  

b.  Poisson ' s  r a t i o :  0.20 

c.  Se rv ice  temperature:  800°F 

Semitempered . p l a t e  g l a s s .  T h i s  i s  a p l a t e  g l a s s  t h a t  has  been 

sub jec t ed  t o  a mild tempering treatme t .  It has c h a r a c t e r i s t i c s  t h a t  

f a l l  between those of annealed and f u l l y  tempered g l a s s e s ,  s h a r i n g  t h e  

advantages and d isadvantages  o f  each. I f  i s  not easy t o  determine how 

much temper a semitempered p i e c e  of glass has  r ece ived ,  and its use  i s  

gene ra l ly  no t  recommended It i s  p r e f e r r e d ,  Eiswever, t o  annealed g l a s s  

when f u l l y  tempered g l a s s  is  not  ob ta inab le ,  

Tempered p l a t e  g l a s s .  This  i s  a p l a t e  glass  t h a t  has been hea ted  

almost t o  t h e  s o f t e n i n g  p o i n t  and then  cooled quick ly  by blowing a i r  on 

i t s  su r faces .  It con ta ins  res idual .  stresses, having l a r g e  compressive 

s t r e s s e s  a t  t h e  exposed s u r f a c e  (30,000 p s i )  and t e n s i l e  stresses a t  

t h e  midthickness  (15,000 p s i )  . 
Advantages: a. Greater s t r e n g t h  (5x) than annealed p l a t e .  

b. 011 f a i l u r e ,  b reaks  i n t o  s m a l l  cubes. 

6. More r e s i s t a n t  t o  mechanical impact than  

annealed g l a s s .  

d. Edges are p a r t i a l l y  fused ,  re-l.ieving stress 

concen t r a t ions .  

e. More r e s i s t a n t  t o  thermal  shock than  annealed 

g l a s s  e 

Disadvantages: a. More s e n s i t i v e  t o  s c r a t c h e s  than  annealed glass. 

b. On f a i l u r e ,  e n t i r e  pane d i s i n t e g r a t e s .  

P r o p e r t i e s :  a. Modulus of rup tu re :  15,000 p s i  

b.  Po i s son ' s  r a t i o :  0.20 

c .  Se rv ice  temperature:  450°F 

1. The s i z e  of t h e  break  p a t t e r n  becomes smaller as g r e a t e r  po ten t i a l .  
energy i s  s t o r e d  i n  t h e  g l a s s  by t h e  tempering t rea tment .  
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I 

. .  

a glass which 

at substitute all ones on t 

her surface c 

(7 >. T h i s  glas i lab le  only in 

th but its speci s may be useful in 

es. The service l imi t ed  to 

on of panes o 

n.) layer of p o l  

as a b g agent. 

A ages : a. ne w i l l  not 

Disadvantages: a. er than a sing 

same t o t a l  thi 

b. w at room temper 

Properties: a. re: 140°F 

Quartz (1OQ% s i l i c a ) .  

a. 

a. axre: 7000 p s i  

b. 

C *  

Sapphire .  

al inertness. 

rature. 

: 4Q,Q00 psi 

ra t io :  0.16 

re: 1000°C 

Advantages: temperature. 

F ies : re: 2250 p s i  

c .  Service 
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Aluminos i l ica te  glass.  

P r o p e r t i e s  : a. Modulus of rupture :  3000 psi (annealed) 
9000 p s i  (tempered) 

b .  Serv ice  temperature: 410°F (annealed) 
750°F (tempered) 

B o r o s i l i c a t e  glass (Pyrex). 

Prope r t i e s :  a.  Modulus of r u p t u ~ e :  3000 p s i  (annealed) 
9000 p s i  (tempered) 

b. Service temperature:  450°F (annealed) 
550°F (tempered) 

-.-- Leaded glasses-. Because oE their l o w  s t r e n g t h ,  use  of these 

glasses as pres su re  boundaries i s  not  recommended. 

Prope r t i e s :  3 . 3  density: Modulus a f  r u p t u ~ e :  2250 p s i  

Poisson's ra t io :  0.23  

6 . 2  dens i ty :  Modulus of rup ture :  1200 p s i  

Poiss~n's r a t i o :  0.29 



111. STRUCTURAL DESIGN OF GLASS 

(4. , 

t 

Nearly all commercial g l a  

s i l i c o n  d ioxide)  w a lka l i  oxides ,  

oxides  act  as f l u x i n g  ag  

s and f laws  a t  a 

t i o n  of s i l i c a  higher i t s  sof  

he lower i t s  c o e f f i c i e n t .  

does no t  hav A s  i t  cools 

wherein i t  

r e s u l t a n t  dec rease  i n  a t  s u f f i c i e n t  t o  p 

s t r u c t u r e  from assuming ce c h a r a c t e r i s  

soll ids.  In s t ead ,  a rand 

c h a r a c t e r i s t i c  of t h e  g a r e s u l t ,  glass  

s i t  coo l s  and do 

ID " so f t en ing  p o i  defined as t h a  

wh ic 5 has a visc  0 7 4  to 108 po i se .  

does n o t  exh of p l a s t i c  f l o w .  It 
only i.n t ens ion .  

s u r f a c e  of t h e  materi 

e imperfec t ion  may produc 

stress concen t r a t ion  suf te failure i n  

t t l e  materials 

onvent iona l  e u l a s ,  t h e  ca 

rup tu re )  i s  not  

i n  the material. i m a t e  t e n s i l e  

mum stress a t  TU d the r u p t u r e  

aries from a f o r  r e c t a n g u l a r  

loaded i n  f ven ien t  t o  de 

th (10,400 p s i  

(1.75) and performing a l l  c 

i f  t h e  t e n s i l e  s t r e n g t h  w e r  

11 
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The s t r e n g t h  of g l a s s  can only have meaning when i t  i s  considered 

i n  a s t a t i s t i c a l  sense ,  f o r  the breaking  s t r e n g t h  of g l a s s  has  a 

c o e f f i c i e n t  of v a r i a t i o n  of about 0.25, 
Po i s son ' s  r a t i o  f o r  g l a s s  ranges from 0.15 t o  0.25, i n  c o n t r a s t  t o  

t h e  0.30 c h a r a c t e r i s t i c  f o r  most steels. 

The breaking  s t r e n g t h  of g l a s s  is  inf luenced  by the  t i m e  d u r a t i o n  

a f  loading ,  exper ienc ing  a r educ t ion  wi th  t i m e  whether the loading  i s  

sus t a ined  o r  c y c l i c .  T h i s  l o s s  of s t r e n g t h  wi th  t i m e  r e s u l t s  fram t h e  

propagat ion of microcracks,  which are always p re sen t .  Annealed g l a s s ,  

t e s t e d  i n  a i r ,  loses  about h a l f  i t s  s t r e n g t h  over  a per iod  of years. 

fa l lowing  t a b l e  g i v e s  t h e  recanmended breaking  s t r e n g t h s  (on t h e  

modulus of r u p t u r e  b a s i s )  f o r  loads  of d i f f e r e n t  durat ion: :  

The 

Breaking stress2 
(modulus of r u p t u r e ,  p s i )  

Load d u r a t i o n  Annealed p l a t e  Semitempered Fu l ly  tempered 
l__l_ _.._..̂ ._ 

0 . 1  s e c  6000 15,000 30,000 

1 min 4000 1.0 9 000 20,000 

5-10 sec 5500 1 3  , 750 27,500 

2 hr OK more 3000 7,500 15,000 

Large windows and windows t h a t  must con ta in  a l a r g e  p ~ e s s u r e  d i f -  

f e r e n t i a l  demand s t r e n g t h  s o  g r e a t  t h a t  necessary th i cknesses  of annealed 

p l a t e  g l a s s  become i n t o l e r a b l y  large. Although t he  use  of tempered 

g l a s s  can reduce t h e  r equ i r ed  th i ckness  of t h e  window, t h e  h igh ly  

s t r e s s e d  cond i t ion  o f  t h e  tempered s u r f a c e  makes i t  more s u b j e c t  t o  

spontaneous and complete f a i l u r e  i f  t h e  s u r f a c e  is  sc ra t ched .  To permit  

use of tempered g l a s s ,  and t o  reduce t h e  hazard of such a c a t a s t r o p h i c  

f a i l -u re ,  a des ign  i s  sometimes used wherein a p i e c e  o f  tempered glass, 

which provides  t h e  r e q u i s i t e  s t r e n g t h ,  i s  laminated between two rela- 

t i v e l y  t h i n  p i e c e s  of annealed g l a s s ,  which p r o t e c t  t h e  s u r f a c e s  of t h e  

2.  PPG I n d u s t r i e s ,  GZass Product Recommendations, StructuraZ, 
Technical  Se rv ice  Report N o .  101, p. 2 2 ,  
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red glass  from damage. Th on has been raised, if the edge 

of t s s  is expose ssure, whether plastic flow 

of the laminating material m It in the full 

annealed glass 

ailure of this This would obst 

window witho integrity of t 

le-containmen phy has been pw 

on the inner p r  

Bomr3 which utilizes tw laminated toge 

g designed to s the pressure d 

er is damaged failure will not 

ting plastic, g layer will pr 

It is recommended t h  s i b l e ,  windows 

is double-conta The design should u t i  

ate factor of s e to the long-term 

A factor of s a f e t y  of , can be achieved by 

ha l f  of t h e  load to 

factor of safety of 

glass and designing 

is) the same. 

s and designing t a 

11 of the load t o  one 1 f 
factor of safety of 5 - t h e  result 

3 .  nted at a mee and Ceramics Div Vacuum 
y Hazards Co 970. 





LV. DESIGN OF WINDOWS 

.- . 

Most windows i n  c o n t r o l l  chambers are o 

e t r y  - ei ther  c i rc le  d con ta in  no 

for t h e s e  s imple  t ed  h e r e ,  and 

z a t i o n s  are prop 

con ta in ing  p e n e t r  

i t h  complex s 

cond i t ion  of e e s t r a i n t  - I n  t h e  a n a l y s i s  of 

how much t h e  edge i s  f r e e  

use i t  i s  d i f f i c u l t  t o  e t i n g  a r range  

s i g n i f i c a n t  restrai ly thick g las s  

reasonable  t o  a r b i t r  windows as i f  t 

o r t e d  - f r e e  t dges. This  as 
in h stresses than  e edges were 

any e r r o r  in t roduced  is  f being more c 

rmulas presen  eloped from t h e  

e l a s t i c - s t r e s s  formulas ed simply sup 

For a c i rcular  p l a t e ,  

(3m + 1) , 3w m a x s  = s  = - -  
8.rrmt2 r t 

where 

s = radial stress a t  c r 
s = t a n g e n t i a l  stre 
t 
W = t o t a l  load  on p 

m = r e c i p r o c a l  of P 

hickness of p l a t e ,  

menclature  t o  b e  con n t  wi th  t h e  l a te r  E o r  

p l a t e ,  we have 

J. Roark, F ess and Strai-n, 4 
Hill, New York, 1 6. 
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where 

0 = maximum stress, psi, nax 
g = unit load on plate, psi, 

d = diameter of p l a t e ,  ine (more will be s a i d  about how 
diameter is measured later), 

0 = breaking strength, p s i ,  

F/S = factor of safety, 

and m and t are unchanged. Rearranging y i e l d s  

3 2mcr . 

For materials of interest, t h i s  can be simplified to 

t = d k m ,  

where k = p w ,  
and va lues  of k can be calculated: 

Sing le  thickness 
annealed glass 

Single thickness 
tempered glass 

Single thickness p l a s t i c  

S i n g l e  thickness q u a r t z  

Single thickness s a p p h i r e  

Single thickness 96% s i l i c a  

Single thickness 
1-eaded glass 

0 k 
Poisson's r a t i o ,  m = -  1 

v V 
.- - ._II__ -1111- 

0.20 5.0 3,000 O e O 1  

5.0 15,000 0.0045 0.20 

0.40 2.5 9,000 0.0060 

0.16, 6.25 7,000 0.0065 
0.16 6.25 40,000 0.0027 

0.19 5.88 2,250 0.0115 

0.23 4.35 1,200 0.0159 
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a- ' 

... . . 

For windows laminated wi th  t w o  layers of glass, each layer c a r r i e s  

h a l f  o f  t h e  imposed load ,  and 

= dk i q  F/S , 

where t = th ickness  of each l aye r  of g l a s s ,  

and va lues  of k can be  ca l cu la t ed :  

1 
v v Poisson ' s  r a t i o ,  m = - -  U k 

Laminated annealed g l a s s  O a 2  5.0 0,00707 

ed tempered glass 0 .2  5.0 15,000 0.00316 

For a r ec t angu la r  p l a t e ,  

where 

M = bending moment a t  c e n t e r  of p l a t e  pe r  u n i t  width,  i n . # / i n . ,  

f3 = f a c t o r  r e l a t e d  t o  t h e  

of t h e  r e c t a n g l e  and t on's ratio, 

q = u n i t  load, p s i ,  

a = l eng th  of s h o r t  s i d e  of t h e  r ec t ang le ,  i n .  

b t 2  
Stress i s  moment d iv ided  by s e c t i o n  modulus (S = --g->, so 

5. S .  Timoshenko and S .  Woi er, Theory of Plates and SheZZs, 
2 . , M c G r a w - H i l l ,  p .  120. 
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M f3qa26 - 0' 

h t 2  
- - - -  .- - 

F/S ' U max S 

where 

b = l = width of section (here a unit width), in., 

t = thickness of plate, in., 

CT = maximum stress, psi, max 
CT = breaking strength, p s i ,  

F/S = factor of safety. 

TAetting y = 6 and rearranging (values of y f o r  different dimensional 

ratios f o r  glass and f o r  plastic are presented in F i g ,  l), 

T h i s  can be simplified to 

..- 
t = ayk /q F/S , 

where k = E- ~ , 

and values of k can be calculated: 

0 

Single thickness annealed glass 3,000 

Single thickness tempered glass 1s 9 000 

Single thickness plastic 9,000 

Single thickness quartz 7, OQO 

Single thickness sapphire 40,000 

Single thickness 96% silica 2,250 

Single thickness leaded glass 1,200 

and f o r  laminated windows, where k = E 
2 0  

Laminated annealed glass 

Laminated tempered glass 

3,000 

15 , 000 

k 

0.0447 

0.02 

0.0258 

0.0293 

0.8122 

0.0516 

0.0707 

0.0316 

0.0141 
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Y 

ORT SIDE _ -  

Fig. 1. Values of t h  fferent geometrical ratios, 
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The following thickness tolerances are applicable to plate glass: 

Nominal thickness 1/8 3/16 1 / 4  3/8 I/ 2 3 / 4  1 

To le r ance 4 - +1/32 -1-1 -+ .tl/lh t1/8 

Minimum thickness 0.094 0.156 0.219 0.344 0.469 0.688 0.875 

The control of the float process of glass making is very good, and glass 

so manufactured tends t o  r u n  close t o  the minimum tolerance. It is 

therefore reconmended that these minimum thicknesses be used in the 

design of windows. 

T h e  formulas that have been developed above can be summarized f o r  

several of the more coinmon loading conditions encountered: 

_II_...... Window subjected to any .- differential pressur-e (any F/S)  

Circular, Single thickness annealed glass: t = 

Single thickness tempered glass: t '-" 0.0045dJq F/S 

Single thickness plastic: t = 0 . 0 0 6 d ~  
Laminated annealed glass : 

Laminated tempered glass: 

t = 0.0071ddq F/S  

t = 0 . 0 0 3 2 d m  

Rectangular, Single thickness annealed glass: t = 0.045ayJq F/S 

Single thickness tempered glass: t = 0.02ayJq F/S 

Single thickness plastic: 

Laminated annealed glass: 

t = 0.026ayJq F/S 

t = 0 . 0 3 2 a y m  

Laminated tempered g las s :  t I= 0.014aydq F/S 

Window subjected to-any differentiauressure (F/S = 10) 

Circular Sing le  thickness annealed glass: t = 0.032dG 

Single thickness tempered glass: t = 0 . 0 1 4 d G  

Single thickness plastic: t =. 0.019dG 

Laminated annealed glass: t = 0 .022dG 

Laminated tempered glass: t =: 0.010dG 

Rectangular, Single thickness annealed glass:  rt = 0 . 1 4 2 a y G  

t = 0.063ayG S i n g l e  thickness tempered glass: 

Single thickness plastic: 

Laminated annealed glass: 

Laminated tempered glass: 

It: = 0.082ayG 

t = 0.lOlayJq 

t = 0 . 0 4 4 a y G  
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S S  

s s :  

l e d  
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$35: 

ss :  

t = 0.027d- 

t 2 0.012d 

glass: t = 0.121d 

glass: t = 0.055d 

t = 0.073d 

t = 0.086d 

t = 0.039d 

glass: t =: 0.546ay 

glass: t =: 0.242a-y 

t = 0.315ay 

t = 0,388a-y 

t = 0.170ay 
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Allowable work-ins pressure (any F/S)  

Circular, Single thickness annealed glass: q = 10000 (t/d) 2/F/S 

q == S0000(t/d)2/F/S 

q = 30000(t/d)2/F/S 

q = 20000(t/d)2/F/S 

q = 100000(t/d)2/F/S 

Single thickness tempered glass: 

Single thickness plastic: 

Laminated annealed glass: 

Laminated tempered glass: 

Rectangular, Single thickness annealed glass: q =: 500(t/ay) 2/F/S  

Single thickness tempered glass: 

Single thickness plastic: 

Laminated annealed g l a s s :  

Laminated tempered glass : 

q =: 2500(t/ay) 2/P/S 

q = L.500(t . /ay)2/F/S 

q = looo(t/ay)2/F/s 

q = 5000(t/ay)2/F/S 

-------11111 Factor of safety when -. thicknessand pressure__differential-are known 

Circular, Single thickness annealed 

Single thickness tempered 

Single thickness plastic: 

Laminated annealed glass: 

Laminated tempered glass: 

Rectangular, Sing le  thickness annealed 

Single thickness tempered 

Single thickness plastic: 

Laminated annealed glass: 

Laminated tempered glass: 

glass:  F/S = 10000(t/d>2/q 

glass: F/S = 5000O(t/d)’/q 

P/S  = 30000(t/d)2/q 

F/S = 20000(t/d)2/q 

F/S = 100OOO(t/d)”q 

glass: F/S = 500(t/ay)2/q 

glass: F/S = 2S00(t/ay)2/q 

F/S  = aS00(t/ay)2/q 

F/S -” hoo0(t/ay)2/q 

F/S = 5000(t/ay>~/q 

How is the diameter or length of sides of windows t o  be measured? 

Properly, these distances should be measured center t o  center of the 

gasket seats. Since it is not always possible to remove the  frame to 

determine the actual size of the glass and the actual location of the 

gasket seat in an existing chamber, it seems reasonable to use the 

smaller of (1) the actual dimension of the glass, (2) the clear opening 

of the window p l u s  one glass thickness, or ( 3 )  the center-to-center 
dimension of the gasket. T h i s  is acceptable f o r  the usual window 

mountings, but it is necessary to recognize and consider mountings that 

are not usual. 

Any mounting that permits glass-to-metal contact, that permits the 

clamping mechanism to twist o r  bend the glass, that can apply a nonuniform 
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For windows t h a t  a r  edges,  ar 

r e c t i o n  must b e  made t 

g and/or  stress con 

d a t i o n  of prec i n  such cases is  no 

nal des ign  t o  acc 

sed by the di 

t h e  c a l c u l a t i o n s  d e s c r i  not n e c e s s a r i l y  precis 

t a stress co  of 2 be imp 

f o r  any such d i s c o n t i n u  res that a win 
must be fi = 1 . 4 1 4  t i m e s  as  same window wi 

gn using the s For windows of irr 

r e c t a n g l e  t h a t  c i rcumscr ibes  should provide 

Special shapes (perhaps a t r  d be recognized a. 

6. Raymond J. Roark, op c i t . ,  p .  384. 
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It was s a i d  i n  Sect 
e red  i n  a s t a t i s t i c a l  se 

s t r e n g t h  of g l a s s  s 

t h e  l a r g e  coef 
ser- v a r  a s s o c i a t e d  w i t h  

Y e des ign  af g l a  

t o  t h e  mean mo 

ormed us ing  f a  

i n  f l e x u r e )  wh 

1 / 2  f o r  b u i l d i n g  windo 

d to water ( t h e  p r  
nd loads t o  10 f o r  
o r  water vapor redu 

str  of g l a s s ) .  Fact o no t  d i r e c t l y  p 

f ul f o r  a s s e s s i n g  t and consequent s 
i t ies  

It i f o r e  necessary  t h e  f a c t o r s  of s a f e t y  to 
of E 

P r o b a b i l i t y  of f a i l u r e  

The usua l  p r a c t l e  o b a b i l i t i e s  of f a i l u r e  t o  

ed p l a t e  g l a s s  is  t h e  breaking 

c t e r i z e d  by a m e  

a r i a n c e  (CV) 6000 p s i  and a 

up tu re  va lue  the short-ter 
g windows. 

ect t o  the  m e  

r i a n c e ,  and th 

a1 (nonfa i lu re )  

and t h e  numerical  va lue  of t b a b i l i t y  f o r  a 

obta ined  f r o  r m a l  d i s t r i b u t  

7. u s t r i e s ,  op. c 
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F(z )  f o r  any combination of F/S and CV. The p r o b a b i l i t y  of f a i l u r e  

occur r ing  on a p p l i c a t i o n  of t h e  des ign  (short-term) load  to windows of 

annealed g l a s s  f o r  d i f f e r e n t  f a c t o r s  o f  s a f e t y  i s  given i n  Table  1. 

Table 1. 

Factor  of sa fe ty  P r o b a b i l i t y  o f  f a i l u r e  

1 

2 

3 

4 

5 

G 

8 

10 

16 

00 

0.5 

0.023 

0.0038 

0.0013 

0.0007 

0.00044 

0.00023 

0.00016 

0 000088 

0.000032 

It should be noted t h a t  this c a l c u l a t i o n  impl i e s  a l i m i t i n g  P f o r  

any p a r t i c u l a r  CV, the l i m i t  be ing  P = F ( I / C V ) .  This  l i m i t i n g  va lue  

r e p r e s e n t s  t h e  area under t h e  t a i l  of t h e  d i s t r i b u t i o n  f u n c t i o n  that l i es  

t o  t h e  l e f t  of t h e  o r d i n a t e  r e p r e s e n t i n g  z e r o  stress. The c a l c u l a t e d  

p r o b a b i l i t i e s  o f  f a i l u r e  and t h e  l i m i t i n g  p r o b a b i l i t y  seem reasonable  

when viewed i n  t h e  con tex t  of convent iona l  windows. 

h%en the same va r i ance  ( t h e r e  i s  no reason  f o r  t h e  va r i ance  t o  change 

wi th  time) is  app l i ed  t o  t h e  smaller long-term breaking  s t r e n g t h  of 

3000 p s i ,  however, t h e  c o e f f i c i e n t  of va r i ance  becomes 0.50, and t h e  

l i m i t i n g  va lue  P = 0.023 is  approached r a p i d l y .  P r o b a b i l i t i e s  of 

f a i l u r e  f o r  t h i s  case are given i n  Table  2. 

The p r o b a b i l i t y  r ep resen ted  by t h e  area under t he  t a i l  of t h e  d is -  

t r i b u t i o n  f u n c t i o n  has ,  i n  t h i s  case, become s i g n i f i c a n t  and i n t e r f e r e s  

wi th  t h e  i n t e r p r e t a t i o n  of t h e  d a t a .  It is  necessary  t o  r e p l a c e  the 

normal d i s t r i b u t i o n  f u n c t i o n  w i t h  another  d i s t r i b u t i o n  f u n c t i o n  which 

goes to ze ro  a t  t h e  o r d i n a t e  r ep resen t ing  zero stress and SQ does no t  
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Table  2 

Factor  of saf P r o b a b i l i t y  of f a i l u r e  

1 0.5 

2 0.16 

3 0.09 

4 0.067 

5 0.055 
6 0.047 

8 0 . 040 

10 0 036 

16 0.030 

M 0.023 

have a l i m i t i n g  p r o b a b i l  

t r i b u t i o n ,  wh 

g l a s s .  For p r e s e n t s  a W e  

arbitrarily sefe ararneters f3 = 2 and a = 8.7 x I O w 8  and 

d ing  normal d i s  

of 3000 p s i  and a d d e v i a t i o n  of abou 

ties of f a i l u r e  d t h i s  Weibull d 
Table  3 .  Even 

is  evident  and 

s recognized t h a t  a r y  s ta t is t ics  t o  p r e d i c t  

ities of f a i l u r e  f 

e s s a r i l y  rneanin 

n ted  be accep p r e c i s e ,  b u t  r a t h e r  t h a t  t h e  

Errlying philosophy be 

I n  cons ider ing  temper , and presuming the  tempering 

process does not  in t roduce  ad a1 v a r i a t i o n ,  a s p e c t a c u l a r  advanta  

8. J. W. Heavens and P. N e  Mur "Analysis  of Br i t t l e  F rac t  
s Analysis," J .  Am. C@ 5 3 ( 9 ) :  503-5 (Sept 
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71 
MEAN: 3000 psi 

6 STANDARD DEVIATION: 1570 psi 

8 1000 2000 3000 4000 5800 6080 7800 
cr^ (psi) 

Fig.  2 .  A Weibull  d i s t r i b u t i o n  compared w i t h  a similar normal 
d i s t r i b u t i o n .  
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0.72 

2 0.22 

3 0.105 

4 0.046 

5 0.031 

6 0.022 

8 0.012 

10  0.0078 

16 0 0029 

0.0 co 

is evident. In  t h i s  case the m s of rup tu re  is i n c r  

e t h e  variance r e m  hanged; s o  t h e  coeff 
comes 0.10 ( cons i  

s t r e n g t h ) .  The p r o b a b i l i t i e  a s soc ia t ed  wi th  
o r s  of s a f e t y  are given i n  Table  4.  

Factor  of safety 

1 0.5 
2 10-6 .5  

00 10-~3 

The phenomenon c a l l e d  "f s s  of s t r e n g t h  under 1 
g )  i n  g lass  is  w e l l  as is  t h e  large vnr ass 

c i a t e  t h e  breaking s ring t h e  prob i e s  

9 .  R. E .  Mculd and R. D .  ngth and S t a t i  
Abraded Glass under C Conditions: 

SOC. 4 2 ( 1 2 ) :  588 (Decemb 
s Abrasions and t i g u e  Curve," J .  Am. Cerm. 
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i n d i c a t e d  i n  Tables  3 arid 4 f o r  long-term s e r v i c e  l eads  t o  a conclusion 

t h a t ,  i n  c i rcumstances where f a i l u r e  cannot be  t o l e r a t e d ,  s i n g l e  panes 

of annealed g l a s s  windows should n o t  be  used. 

Redundancv 

The p r o b a b i l i t y  of s u r f a c e  damage occur r ing  t o  bo th  t h e  i n n e r  and 

t h e  o u t e r  panes of t h e  dauble  containment design descr ibed  i n  Sec t .  111 

dur ing  the r e l a t i v e l y  s h o r t  t i m e  i n t e r v a l  between r o u t i n e  i n s p e c t i o n s  

i s  s m a l l ,  I f ,  t hen ,  t h e  most probable  cause of an in - se rv ice  f a i lu re  

i s  s u r f a c e  damage t o  t h e  g l a s s ,  i t  can be argued t h a t  t h e  twa panes 

can provide  adequate  s a f e t y  if they are designed wi th  i n d i v i d u a l  f a c t o r s  

of s a f e t y  of something less than  t h e  va lue  p re sc r ibed  f o r  a s i n g l e  pane. 

Consider ing t h e  p r o b a b i l i t i e s  af f a i l u r e  af t h e  two panes to b e  

s t a t i s t i c a l l y  independent ,  t h e  p r o b a b i l i t y  of simul-taneous failures 

of both  becomes 

P = P  X P b .  a 

I f  a s i n g l e  des ign  i s  t o  be r ep laced  by two i d e n t i c a l  des igns  i n  series 

and t h e  surv iva l  p r o b a b i l i t y  is  t o  be h e l d  cons t an t ,  each of t h e  two 

must have an -individual f a i l u r e  p r o b a b i l i t y  of 

P a = f i .  

From t h i s  i t  is  ev iden t  t h a t  one des ign  having an  F/S of 10 ( i n  

annealed glass) can b e  rep laced  by two i n  series i f  each of t h e  two 

has  a P of 40.0078 = 0.088 ( f o r  which t h e  F/S = 3 . 3 ) .  Fur the r ,  t h i s  

i n d i c a t e s  t h a t  the double containment des ign ,  c a r r i e d  a u t  us ing  t h e  

formulas  i n  Sec t .  V f o r  tempered g l a s s ,  where each of t he  panes has  a 

f a c t o r  of s a f e t y  of 5 w i t h  respect: t o  t h e  f u l l  l oad ,  provides  an  

o v e r a l l  p r o b a b i l i t y  of f a i l u r e  of less than  render ing  failure 

(mathematical ly  a t  l e a s t )  t r u l y  inconce ivable .  



31 

ing this phi1 the comparison of t w o  annealed glass 

windows having equal to one of which is a s 
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F i g .  3 .  Charles’ approximation to the universal fatigue curve. 
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ning with Char 

log t % n log l / c r a  - l o g  k’”’ , 

where 

t = time 

aa = app l i ed  stress 

-log k”’ = a cons tan t ,  the  va lue  of log t when log l / o a  = 0 

a t i o n s h i p  desc r ib ing  t 
r t i m e  without  f a i l u r e )  ped. L e t t i n g  

and rear ranging ,  the ex 

log cr = - l / b  (log t + l o g  a) 

OX 

or 

t l / b  = .-1/b 

l o  can be determine t w  ri- The values of the cons t  

mental  va lues  a r e  known. 
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The d e s i r e d  r e l a t i o n s h i p ,  f ( t ) ,  when i n t e g r a t e d  over t h e  mean 

service l i f e  T ,  should y i e l d  t h e  mean u t i l i t y  UT of the glass,  so 

f ( t >  = UT = 1 .0  LT 
and t h e  i n t e g r a l  of t h e  product of the  func t ion  and t h e  app l i ed  stress 

i s  assumed t o  be descr ibed  by a s i n g l e  cans t an t  k, s o  

CT f ( t )  = k 
L I T  

Transpos i t ion  and s u b s t i t u t i o n  l ead  to 

and t h e  func t ion  i s  obta ined  by d i f f e r e n t i a t i n g  

and then  i n t e g r a t i n g  back 

The unique value of a new cons tan t ,  K = kaljb, can be determined 

f o r  each stress level by l e t t i n g  t o  = 0 and l e t t i n g  tl assume t h e  va lue  

a t  which U = 1.0: 
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concluded t 

Con sub j ec t ing or the time 
tl t o  t 2  is  

aking times fo r  a 

a mean brea 

b = +13.7) are 

s t a n c e ,  i f  a is  s u b j e c t e  
§ 20 min, the 

61(20 1/13.7 ) = 0 .  

ss designed w i t  ty of ten ( so  CT = 

3x pressure  en new, woul 
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Th i s  c a l c u l a t i o n  i s  s e n s i t i v e  t o  t h e  stress imposed on t h e  glass, 

t h e  l eng th  of t i m e  t h e  stress i s  imposed, and t h e  t i m e  i n  t h e  stress 

h i s t o r y  of t he  g l a s s  t h a t  t h e  stress is  imposed; and t h e  u t i l i t y  of t h e  

g l a s s  a t  any t i m e  i s  t h e  r e s i d u a l  a f t e r  all of the  lasses have been 

deducted from t h e  p r i s t i n e  un i ty .  

It fol lows from t h i s  l o g i c  t h a t  a window should be c a r e f u l l y  con- 

d i t i o n e d  - sub jec t ed  t o  low stress levels dur ing  t h e  e a r l y  p o r t i o n  of 

i t s  s e r v i c e  l i f e .  

It a l s o  f a l lows  t h a t  a window t h a t  w i l l  have a l i m i t e d  service l i f e  

can be s a f e l y  sub jec t ed  t o  g r e a t e r  stress than  can one which must be  

expected t o  las t  forever .  

Am annealed g l a s s  window i s  designed t o  have a factor  of s a f e t y  o f  

10 over a s e r v i c e  l i f e  of t e n  years. Pram Table 3 i t  i s  seen t h a t  t h i s  

r e p r e s e n t s  a p r o b a b i l i t y  of f a i l u r e  of 0.0078. From Tab le  1. w e  see t h a t  

t h i s  same p r o b a b i l i t y  i s  represented  by a f a c t o r  of s a f e t y  o f  2.5 i f  t h e  

g l a s s  i s  t e s t e d  now. Applying trhe F/S of 2 .5  t o  t h e  mean breaking  

s t r e n g t h  appropr i a t e  to short- term service ( twice long-term s t r e n g t h ) ,  

w e  f i n d  t h a t  a test  p re s su re  - 2 / 2 4 5  - - 8 t i m e s  t h e  des ign  p res su re  i s  1/10 
necessary  t o  r ep resen t  a comparable p r a b a b i l i t y  of f a i l m e .  

Subjec t ing  t h e  window t o  e i g h t  t i m e s  t h e  des ign  stress f o r ,  s ay ,  10 

min would r e s u l t  i n  a l o s s  of 

E, = 0.748(101'1307) = 0.88 , 

almost a l l  of i t s  u t i l i t y .  It i s  u n l i k e l y  t h a t  we. would d a r e  load the 

chamber i t s e l f  t o  e i g h t  t i m e s  i t s  design pres su re ,  and w e  would be  

h e s i t a n t  t o  expend t h i s  f r a c t i o n  o f  the window's u t i l i t y  i n  a t es t ;  s o  a 

meaningful tes t  does not  seem t o  be poss ib l e .  

What do w e  ga in  from t e s t i n g  a window t o  two o r  three t i m e s  i t s  

des ign  stress? W e  s a i d  earlier t h a t  a 3x test would cost 0 . 3 3 2  of t h e  

or ig ina l .  u t i l i t y .  For t h e  window under cons ide ra t ion ,  this r e p r e s e n t s  a 

p r o b a b i l i t y  of f a i l u r e  of 0.0003 and an F/S o f  about 20. This  i n d i c a t e s  

t h a t  f a i l u r e  o f  t h e  window w i l l  no t  occur a t  10/20 = 1/2 o f  t h e  des ign  

load.  This  c e r t a i n l y  does n o t  provide confidence,  i n  t h e  mathematical  
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t i s f y  us t h  have 

e - f ree  Univ e For real w 

r y  t o  cons ider  t a s  c o r r e c t i o n s  

var iance  wh t i n  t h e  g l a s s  

A r ec t angu la r  win n . ,  made of l a  

con ta in  a pressure 

i n .  w.g. 2 l  x - =  0.014 p q =  10 

w i t h  a f a c t o r  of s a f e t y  o mean breaking  p 

I f  t h i s  window i s  op a 0.4 i n .  w.g. p r e s s  

i t  has  a mean l i f e  t which t ed  from 

. .  l / b  ' L = K t  

so 

13.7 
= 1.35 x lOI4 min = 0.26 x l o 9  yr 

0.093 

if subjected t o  a 1 i n .  w , the life is 910 ye  

f o r  a 2 i n .  w . g .  d i f f e r  

I€ t h e  s e r v i c e  i s  (9 sec/day)  a t  2 i n . ,  0 

day) a t  1 i n . ,  and 0.994 4 i n . ,  K fs w e  

f r a c t i o n s  t o  y i e l d  a co and the  r e s u l t  

230 x l o 6  yea r s .  

This  appears unque n t i l  t h e  a s soc ia t ed  va r i ance  i s  

ed. The s t a n d a r  t h e  stress l i f e  i s  1 

i l i t y  t h e  average li ars,  t h e r e  i s  a 0.023 p 

t ha t  it i s  8 days and a y t h a t  it is  just 7 seconds. 
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When t h e  chamber conta ins  sens i t ive!  materials the question i s  

whether odds of 1000 t o  1 are good enough. Inc reas ing  the th ickness  of 

t h e  window by a factor of 1 . 7  w i l l  impxowe the  mean. stress l i f e  and make 

more remote t he  p r o b a b i l i t y  of f a i l u r e  i n  8 days,  each by a f a c t o r  of 

106. 

Confusion r e s u l t s  because w e  are not  t r y i n g  t o  p r  d i e t  t h e  l i k e l y  

outcome - a long s e r v i c e  l i f e  - b u t  are t r y i n g  t o  p r o t e c t  a g a i n s t  an 

un l ike ly  outcome - a very s h o r t  service l i f e .  It is f a r  this reason 

t h a t  w e  appear ,  t o  ope ra to r s ,  t o  be unreasonably conserva t ive .  



V I I .  OPERATING PRECAUTIONS 

= .  

windows have 

nimize t h e  91  r e  and t o  minimize 

E such should ass should be 

i g h t  l i g h t  t o  de t ec  es o r  o t h e r  blemi 

e pump-down and a t ing  c r e w  b 

each week whi le  t h e  chamber 

whi le  t h e  chamber i s  evacu r i n g  personnel  s h  

d t o  one s i d e  of 

given t o  avoid thought1 ope ra t ing  con 

o r  i n s t a n c e ,  rep escen t  l i g h t s  with i n c  

an unan t i c ipa  

In  many cases i t  w i l l  no t  be 

dcuble  containment type  f o r  a p a r  

a t i o n  should be  gi r a b i l i t y  of p 

s a f e t y  f e a t u r e s  s o  t h a t  t h e  f e t y  i s  equivalent;  t o  t h a t  of the 

ainment window e x i s t s  i n  t h e  i n s t a n c e  of a 
ided  i n  a vacuum fur permit  pyrometer r e a d i  

a The double containme s unacceptable  on two caunts: 

t h e  temperature  is  too h i  p l a s t i c  lamina t ing  M 

d i s t o r t i o n  i n  t h e  tempered g 

It may be necessary  t o  u t  
exes wi th  t ak ing  t h e  r 

i e t a r y  des ign  qua r t z  
ovide F/S of fou r  ( s than  t h r e e  shou 

i n  any case). A n  a d d i t i o n a l  s a f e t y  can be  p r o  

se a wire-mesh guard o ndow, wi th  a sl i t  

opened when necessary  to p e  eadings t o  be taken. 

The r e l a t i o n s h i p  between s indow opening and the volume and 

shape of t h e  chamber has  some i n  an t h e  e f f e c t i v e  haz 
must b e  a n t i c i p a t e d .  

For chambers t h a t  are normally f i l l e d  wi th  i n e r t  gases ,  i be  

necessary  merely t o  provid  f o r  t h e  windows, s o  t an 

be c d dur ing  pump-d 1Ling ope ra t ions .  





To achieve  t h e  o b j e  r s a f e t y  i n  t h e  t i o n  of 
OWL, cr i ter ia  f a r  t h e  d e s i  sub jec t ed  t o  vacuum were 

t ed .  These criteria t ed  as Sect. 2,1, "Vacuum 

T a t , "  of t h e  ORNL Saf T h i s  s e c t i o n  i s  r ep ro  i n  
i r e t y  as Appendix T. of t h i s  

Addi t iona l  c r i te r ia  w e  f a r  glove boxes and were 

t ed  as Appendix A-3, " Systems Sa fe ty  G 

ORNL Sa fe ty  Manual. This a 

I1 of t h i s  r e p o r t .  

For t h e  purpose of st cr i ter ia ,  two l e v e l s  of 

def ined:  one w e r sonne l  i s  the only con- 

on, and one where t h e  p release of r a d i  

he hazard.  This se o r e  s e n s i t i v e ,  cond i t i an  is 

by according i t  a 

i n  t h e  c o n s t r  rs f o r  con ta in  

tax ie  materials w a s  p r o h i  A-7 Qf t h e  0 

cedures  Manual; c t i o n  has been r e l axed ,  and 

~ i c s  are now permi t t e  

A review of each cha o r  n e w ,  i s  r equ i r ed  t o  determine 

ormance t o  the  c r i t e r i  

no t  s t r i c t l y  conform t o  the c r i  
e whether supp 

Sect. VII) can. be i 

a level of s a f e t y  equ iva len t  t o  t h  fed  by t h e  c r i t e r i a .  

The c r i te r ia  do n o t  r 

y ,  a l though t h i s  is  str 

The c r i t e r i a  f o r  vacuum 

been consol ida ted  i n t o  a sing r i a  f o r  Gontrolled-Atmosphere 

s," which is being ently wi th  t h i s  r e p o r t .  

i a  apply t o  CQ of r a d i a a c t i v i t y  which exceed 
t h e  hazard equ iva len t  Pu * 

4 3  





I X .  EXPERIENCE AT O R m ,  

I .  

In  1970, a program w OWL t o  d e t e r  

y t h a t  e x i s t e d  i of control led-atmo 

i n  u s e  i n  t h e  Labora tory ,  r d n e  and impleme 

remedia l  a c t i o n .  The prog c o n s i s t e d  of a survey  of the 

ambers i n  use,  t the adequacy 9 

eplacement of d i d  not  conform t o  

ers (only cha t h a t  The survey  covered 

b e  sub jec t ed  t o  a p r e s s u r e  d o f  g r e a t e r  t han  5 i n .  o f  water 

re inc luded  - gl ed t o  exhaust  ma 
not) con ta in ing  910 win of these windows 

s a f e t y  w a s  c a l c u l a t e d ,  a a t  d i d  not  conform tO 

were rep laced ,  

cognizing t h a t  r e n t i a l  window 

uum, t h e  i n i t i a l  s u r  

ed t o  cover  a l l  con t  here chambers. 

n a d d i t i o n a l  424 c rs and an  a d d i t i o n a l  1 

e cour se  of t. nf ormation was 

previous  unrepor ted  w It appears  t h a t  f 

s a r y  for some 

a c t u a l l y  r epor t ed  t h r o  s a Windows t h a t  

ors o f  s a f e t y  ( 

, and 4.0 (Q.OOl3). 

As expec ted ,  the e implementation of c r i t  

e 1970, t h r e e  f a i l  

1. A p r e s s  w a s  be ing  used t s an assembly, a ack of 

washers was used a c e n t e r  Loading the s t a c k  t a  

, and a r e s u l t  r a t e d  the window. 
2.  An o p e r a t o r  connec exhaus t  t o  a too-h 

exhaus t  l i n e ,  and oken 

3 .  An unexpected reac e w i t h  exp los ive  f o r c e ,  bl e 
window o u t  o f  a vacua 
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A. Policy 

I t  i s  the policy of he Oak Rid eriprn 
ntially hazardous 

ivs ta its use. 

B .  

c. 

Defi n i t ions 

ucing a vacuum unless a vacuum 
relief devise i s  ~~~~i~~~ 
surrounding atmosphere to < 5'l H20. 

~~~~~n the chamber and 

ansible for see! g that a l l  employees W~~~~~~ 

t are properly instructed and trained in the wse of safety 
8 this class of equipment. 

sible for the use of a 
and for utilizing 
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D, General Precautions 

1 e Glass contain 

3. When warking 
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FOR CONTROLLED ATMOS 

Minimum 

New Construction 
Metal Structure" 
Windows" - Personnel safety 

Radioactivi ty4 

Window? - ~ersonnel Safety 
Rad ioa ct i v ity" 

4 
10 
18 

2.5 
6 
8 

1.75 
3 
4 

Equipment having factors of safet 
may be operated p 

"Or a factor of safety 0.4 times this value on yield str 

Criteria apply to combined quantifies of radioactivity which exc equiva- 
lent at 0.1 rng sf 233 Pw. 
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GLOVE BOX SYSTEMS SAFETY G'CJIDE 

Scope 

e se  c r i t e r i a  shall he box systems wh 
ore  system c quent Loss of 
t e  a rad ia t i  ion hazard to 
I f app 1 i c a t  i o a imposes an 
i t t e n  qjust i f i  on from them 
e Office of L 
o n t r o l  Engine or cons ide ra  

A containmen t i n g  at a pre if- 
quippedi w i t h  g g hazardous m 
losure psessur 5'' water gage 

) glove box, 
01, ( 5 )  assoe 

q u i r e d ) ,  ( 7 )  
i n d i c a t o r s  

age of a i r  creates v i c e .  A s e r v  

* . A s e r v '  eizkage of a i r  cause 
a. sion, or an ou could cause a r on 
h 

' include (a) c 
( d )  working 

on resistanc t i o n ,  ( g )  eve 
exit, and ( 3  ) 

sha l l  be lami safety p l a t e  gla 
single t h i c k  

ersonxiel Prot 
ical. s e r v i c e .  d windows sh 
approved o the  onmental Con 
n t .  

A 

4 

ics Procedures  mu& i 
and I3 Laboratories. 

I ,  P l a s t i c s  P r o  



Number A- 3 
Page 
I s sue  

nominal. s i z e ,  shall have a 3. Glove p o r t s  s h a l l  n o t  exceed 8" 
s e p a r a t i o n  of 15-i - cen te r ,  and sha l l  be 

o r  no c l o s e r  f t h e  window a r e a  
of t h e  g l a s s  where ng cannot be a 

4 .  Glove ana bag p 1 be provided f o r  c r i t i c a l  
v i c e  . 

y maintain a n 

high flows f 
s ,  High e f f i c  
discharge fo  

e box flow-th 

of t e s t a b l e  

r ab s orb e r s 

6.  Pressure  and/or flow eo 
love  box s y s t  
a l l  be i n s t a l  
f t h e  p re s su r  

No p res su re  r e  
o r  vacuum con 

These rem0 
i n  a reas  where us presence 

x from exceedi 
n t h e  re l ief  val 

11 not  be shar ng system to o 
e box p res su re  

fol lowing f a  
n short- term 

Ex i s t ing  enc los  i t i c a l  s e r v i c e  1 

New enclosures  s e r v i c e  2 

New o r  e x i s t i n g  enc losures  f o r  c r i t i c a l  
s e r v i c e  25 

ove o r  bag i s  a c c i  
r e s s u r e  requirement i s  w 

t o r  s eve re ly  t o r n ,  t h e  nega 
e f ace  v e l o c i t y  a t  t h e  openi 

t be  > 100 f t / m i n .  

%lee Glove Box Window Design crit 

t h e  c a l c u l a t e d  at  which *F/S (Fac to r  of  s a f e t y  i s  t h e  ra 
ass w i l l  crack t o  t h e  mini essure t h a t  can ed. 
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F / S  

b .  S ing le  th i ckness  glass o r  p l a s t i c  

Ex i s t ing  enc losures  f o r  n o n c r i t i c a l  s e r v i c e  10 

New enclosures  f o r  n o n c r i t i c a l  s e r v i c e  20 

New o r  e x i s t i n g  enc losures  ( p l a s t i c s  on ly )  
f o r  c r i t i c a l  s e r v i c e  25 

8. Pressu r i zed  gas 2;upplies t o  g love  boxes s h a l l  b e  c o n t r o l l e d  by 
p res su re  r e l i e f s  and flow r e g u l a t o r s  t o  prevent  p r e s s u r i z a t i o n  o f  en- 
c l o s u r e s ,  and, i n  cases involv ing  t h e  handl ing  of  f l m a , b l e s ,  t o  main- 
t a i n  t h e  box atmosphere concen t r a t ion  a t  l ess  than  25% of  t h e  lower ex- 
p l o s i v e  l i m i t .  
combustible gas sensors s h a l l  b e  used. 

I n  cases where t h e  lower explos ive  l i m i t  can be  exceeded, 

9 .  An i n e r t  atmosphere shall b e  r equ i r ed  i n  enc losures  where pyro- 
phor i c  m a t e r i a l s  a r e  handled;  however, i n  some i n s t a n c e s ,  red.uced oxygen 
atmospheres may be adequate .  
b e  necessary  for t h e  c o n t r o l  of some gloved box environments. 

Gas o r  vapor ana lyzers  ( A r ,  02, o r  H20) may 

10. The need f o r  h e a t  d e t e c t o r s ,  f i r e  c o n t r o l  systems,  and explosion-  
proof equipment sha l l .  be Considered when f l m a b l e s  are handled f n  a i r  venti.- 
l a t e d  enc losu res .  

11. Boxes provided wi th  water  s e r v i c e  s h a l l  b e  equipped wi th  c o n t r o l s  
t o  prevent; f l ood ing  i n  t h e  event of a p ipe  1.ea.k or" rupture. 

12. El .ec t r ica1  safeguards  s h a l l  be  provided f o r  equipment and person- 
n e l .  
l o a d  p r o t e c t i o n  should be  considered.  
o therwise  approved by t h e  Of f i ce  of  Laboratory and Personnel  P r o t e c t i o n .  

The use  of  ground fau l t  i n t e r r u p t e r s ,  independent fus ing ,  and over- 
Metal  boxes sha l l  be grounded un le s s  

13. The Environmental Control Engineer ing Department and t h e  Of f i ce  
of  Laboratory and Personnel P r o t e c t i o n  s h a l l  j o i n t l y  review t h e  glove 
box system and all s a f e t y  r e l a t e d  c o n t r o l s  prior t o  cons t ruc t ion  of the 
glove box and system. 

1 4 .  The proper  func t i cn ing  o f  all s a f e t y  r e l a t e d  cont ro i . s ,  ven t i -  
lation systems, p r e s s u r e  r e l i e f s ,  e t c . ,  shall b e  t e s t e d  and v e r i f i e d  
as operable p r i o r  t o  normal ope ra t ion .  
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Number A-3 
Page 
Issue 

GLO TGN CRITERIA 

The formulas used for c 

loaded simply supported 

ng s t r e n g t h  of windo 
rom t h e  conve ress formulas f o r  u 

d formulas f o r  ng pres su re  
fwmulas, u s i  us of r u p t u r e  
d i f f e r e n t  mat 

Circu la r :  

S ing le  Thickness : p =  5 4 4 x 1  
Single !Thickness : p = 2770 x 1 
Sing le  Thickne p = 1960 x I. 
Laminated Anne p = 11x1 x 10 
Laminated Temp p = 5540 x 1 

Rectangular : 

Single  Thickness s :  p = 27.7 x 
Single  Thickness s :  p = 139 X 
Sing le  Thickness p = 83.1 x 
Laminated Ann p = 55.4 x 
Laminated Tern p = 277 x 

p is breaking p hes of water, 
t is thickness o 
d is t h e  diamete and 
s i s  l eng th  of of a r e c t a n g l e ;  
811 dimensions 

y have been co n ' s  Ra t io  of 0 .  
s t i c ) ,  and are re 1. 

Windows t h a t  have g love  
two, so t h e  c a l c u l a t e d  a l ~ e Z  f o r  such E, window. 

d t a  be weakened by a f a c t o r  of 

Figures 2 and 3 i n d i c a t e  of s i z e s  f o r  new and e x i s t i n g  
windows of 1/4" safety p e w i t h  t h e  c r i t e r i a .  E x i s t i n  

less than  59'' an s than  42" i n  diameter of 1/4 
late (wi thout  p o r t s  e c r i t e r i a .  
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