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ABSTRACT 

Nine ty-e ight  p roduc t ion  l o g s  of H-451 g r a p h i t e ,  from t h r e e  s e p a r a t e  

e x t r u s i o n  l o t s ,  were sampled f o r  t e n s i l e  t e s t i n g .  Eight  r e p l i c a t e  a x i a l  

specimens from t h e  midlength  c e n t e r  and f o u r  r e p l i c a t e  r a d i a l  specimens 

from t h e  end c e n t e r  of each l o g  were t e s t e d .  

v a l u e  12 .7  MPa) showed wide l o t - t o - l o t  and log-to-log v a r i a t i o n s ,  w h i l e  

t h e  r a d i a l  s t r e n g t h s  (average v a l u e  15.8 MPa) w e r e  more uniform. S t a t i s -  

t i c a l l y  based acceptance  c r i t e r i a  which could b e  used f o r  a s s i g n i n g  a l o g  

t o  a minimum s t r e n g t h  ca t egory  were d e r i v e d  f o r  two a l t e r n a t i v e  d e f i n i t i o n s  

of "minimum" s t r e n g t h .  

material a t  t h e  midlength c e n t e r  of t h e  l o g  t o  exceed t h e  s p e c i f i e d  minimum 

s t r e n g t h ,  w i th  90% conf idence  (90/90);  t h e  second, more s t r i n g e n t ,  d e f i n i -  

t i o n  would r e q u i r e  99% of t h e  material t o  exceed t h e  s p e c i f i e d  minimum, 

w i t h  95% conf idence  (99/95).  I f  t h r e e  minimum s t r e n g t h  c a t e g o r i e s  are 

assumed, w i t h  ca t egory  A r e q u i r i n g  a minimum s t r e n g t h  of 10.3 MPa, ca t egory  

B r e q u i r i n g  8 . 3  MPa, and ca t egory  C r e q u i r i n g  5.5 MPa, u s e  of t h e  90/90 

d e f i n i t i o n  of minimum s t r e n g t h  would cause  t h e  r e j e c t i o n  of two l o g s .  Use 

of t h e  99/95 d e f i n i t i o n  of minimum s t r e n g t h  would i n c r e a s e  t h e  number of 

r e j e c t e d  l o g s  t o  18; however, t h i s  would i n c l u d e  on ly  2 ou t  of t h e  56 l o g s  

i n  t h e  b e s t  e x t r u s i o n  lot. 

e i g h t  t o  fou r  would cause  on ly  s m a l l  d i f f e r e n c e s  i n  t h e  y i e l d s  of l o g s  

accepted  i n  each  c a t e g o r y ,  

The a x i a l  s t r e n g t h s  (average 

The f i r s t  d e f i n i t i o n  would r e q u i r e  90% of t h e  

Decreas ing  t h e  number of tes ts  p e r  l o g  from 
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1.  SUMMARY AND CONCLUSIONS 

Ninety-eight  product ion  l o g s  of H-451 g r a p h i t e ,  from t h r e e  separate 

e x t r u s i o n  l o t s ,  were sampled f o r  t e n s i l e  t e s t i n g .  Eight  r e p l i c a t e  a x i a l  

specimens from t h e  midlength c e n t e r  and f o u r  r e p l i c a t e  r a d i a l  specimens 

from t h e  end c e n t e r  of each l o g  were t e s t e d .  

w e r e  made: 

The fo l lowing  obse rva t ions  

1 .  

2 .  

3. 

4 .  

The a x i a l  s t r e n g t h s  (average  v a l u e  12.7 MPa) showed wide l o t -  

t o - l o t  and log-to-log v a r i a t i o n s ,  wh i l e  t h e  r a d i a l  s t r e n g t h s  

(average v a l u e  15.8 MPa) were more uniform ( s e e  S e c t i o n  5,  

Tables  1 and 2 ) .  

There w a s  no s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  between a x i a l  

s t r e n g t h  and r a d i a l  s t r e n g t h  i n  t h e  s a m e  l o g ,  o r  between s t r e n g t h  

and t h e  p o s i t i o n  of t h e  l o g  i n  t h e  g r a p h i t i z i n g  fu rnace .  

Acceptance c r i t e r i a  f o r  a s s i g n i n g  l o g s  t o  a minimum s t r e n g t h  

. c a t e g o r y  could b e  based on a x i a l  t e n s i l e  tests, and each  l o g  

should  be  sampled. A s t a t i s t i c a l  model i n c o r p o r a t i n g  a separate 

l o t - t o - l o t  v a r i a n c e ,  log-to-log v a r i a n c e ,  and wi th in- log  v a r i a n c e  

w a s  adopted f o r  t h i s  purpose.  

Acceptance cr i ter ia  which could  b e  used f o r  a s s i g n i n g  a l o g  t o  

s t r e n g t h  ca t egory  A [minimum s t r e n g t h  10.3 MPa (1500 p s i ) ] ,  B 

[minimum s t r e n g t h  8.3 MPa (1200 ps i ) ] ,  o r  C [minimum s t r e n g t h  

5.5 MPa (800 p s i ) ]  w e r e  d e r i v e d  ( s e e  S e c t i o n  6 ,  Table  4 ) .  

C a l c u l a t i o n s  were made f o r  e i t h e r  f o u r  o r  e i g h t  r e p l i c a t e  

specimens p e r  l o g  and two a l t e r n a t i v e  d e f i n i t i o n s  of "minimum 

s t r eng th ' '  were cons idered .  

90% of t h e  material a t  t h e  midlength c e n t e r  of t h e  l o g  t o  

The f i r s t  d e f i n i t i o n  would r e q u i r e  

1 



exceed t h e  s p e c i f i e d  minimum s t r e n g t h ,  w i t h  90% conf idence  

(90/90);  t h e  second,  more s t r i n g e n t ,  d e f i n i t i o n  would r e q u i r e  

99% of t h e  material t o  exceed t h e  s p e c i f i e d  minimum, w i t h  

95% conf idence  (99/95) .  

5. The cr i ter ia  were a p p l i e d  t o  t h e  a x i a l  test  d a t a  from t h e  98 

logs .  

e i g h t  specimens p e r  l o g ,  two l o g s  would f a i l  t o  q u a l i f y  f o r  

ca t egory  C wh i l e  a lmost  h a l f  of t h e  l o g s  would q u a l i f y  f o r  

ca tegory  A .  

Using t h e  90/90 d e f i n i t i o n  of minimum s t r e n g t h  and t e s t i n g  

6 .  U s e  of t h e  99/95 d e f i n i t i o n  of minimum s t r e n g t h  would i n c r e a s e  

t h e  number of l o g s  r e j e c t e d  t o  18; t h e  y i e l d  of l o g s  accepted  

i n  each s t r e n g t h  ca t egory  would f a l l  s l i g h t l y  s h o r t  of t h e  

requi rements  of a t y p i c a l  c o r e  segment. 

7. Decreasing t h e  number of tests p e r  l o g  from e i g h t  t o  f o u r  would 

cause  a s m a l l  r e d u c t i o n  i n  t h e  y i e l d s .  

8. The d i f f e r e n c e s  i n  q u a l i t y  between t h e  t h r e e  e x t r u s i o n  l o t s  

r ep resen ted  i n  t h e  98-log o r d e r  have a c lear  e f f e c t  on t h e  

y i e l d s  of  l o g s  i n  each s t r e n g t h  ca tegory .  Using t h e  99/95 

d e f i n i t i o n  of minimum s t r e n g t h ,  on ly  two of t h e  56 l o g s  i n  t h e  

b e s t  l o t  (478) would be  r e j e c t e d  and about  25% would q u a l i f y  

f o r  ca t egory  A .  This  compares w i t h  a r e j e c t i o n  rate of about  

40% f o r  l ogs  from t h e  o t h e r  two l o t s .  

2 



2. INTRODUCTION 

Grade H-451 is under development by the Great Lakes Carbon Corpora- 

tion (GLCC) as a candidate graphite for Large High-Temperature Gas-Cooled 
Reactor (LHTGR) replaceable fuel and reflector blocks. Characterization 

and irradiation data on preproduction grade H-451 were reported in Refs. 

1 through 5. This report contains tensile strength data on 98 production 

logs, which were produced as a portion of 354-log order for Fort St. Vrain 
(FSV) reload fuel elements. The strength specimens were taken from loca- 

tions which would not interfere with subsequent machining operations and 
were used to assess strategies for acceptance testing of logs from large 

production orders. 

3 



3 .  MATERIALS 

The material  c o n s i s t e d  of 98 f u l l - s i z e  [431 .8  mm (17 i n . )  diameter  

by 812 .8  mm (32 i n . )  l ong]  product ion  l o g s .  These l o g s  w e r e  produced w i t h  

t h e  same formula t ion  and procedures  used t o  produce preproduct ion  l o t  426 

( s e e  Ref. 1 ) .  

The 98 l o g s  were a p o r t i o n  of a 354-log o r d e r  f o r  FSV r e l o a d  f u e l  

e lements .  

then s t o r e d  due t o  a d e l a y  i n  t h e  f i n a l  p rocess ing  of t h e  o r d e r .  The 98 

l ogs  desc r ibed  i n  t h i s  r e p o r t  were taken  through t h e  g r a p h i t i z a t i o n  s t e p  

and p o r t i o n s  w e r e  d i s t r i b u t e d  t o  Genera l  Atomic Company (GA), Oak Ridge 

Na t iona l  Labora tory  (ORNL), and Brookhaven Na t iona l  Laboratory (BNL) f o r  

exper imenta l  purposes .  The 9 8  l o g s  w e r e  t aken  from t h r e e  d i f f e r e n t  pro- 

duc t ion  e x t r u s i o n  l o t s  (472, 478, and 482) ,  bu t  a l l  l o g s  w e r e  g r a p h i t i z e d  

i n  t h e  same fu rnace  run.  The l o g s  were sampled f o r  t e n s i l e  t e s t i n g  by 

GLCC a t  t h e i r  Morganton P l a n t  i n  accordance w i t h  a sampling p l a n  dev i sed  

by GA. The GA a x i a l  s t r e n g t h  specimens w e r e  t aken  as nea r  t o  t h e  mid- 

l e n g t h  c e n t e r  of each l o g  as p o s s i b l e  [ w i t h i n  51 mm ( 2  i n . )  of t h e  cen te r -  

l i n e ,  see Fig .  1 3  w h i l e  p r e s e r v i n g  t h e  l o g s  f o r  subsequent  machining i n t o  

a f u e l  e lement .  A 16 mm (0 .625  i n . )  d iameter  by 356 mm (14 i n . )  long rod 

w a s  cored  from t h e  c e n t e r  and a 25 mm (1 i n . )  s l a b  w a s  t aken  from one end 

of  each log .  A 102 mm ( 4  i n . )  c o r e  w a s  t aken  f o r  a x i a l  specimens as shown 

i n  F ig .  1 .  Axial test specimens 6 . 3 5  mm i n  d iameter  by 23 mm long were 

machined from t h e  a x i a l  c o r e  as shown i n  F ig .  2 ,  and r a d i a l  specimens of 

t h e  same s i z e  were machined from t h e  end s l a b  as shown i n  F ig .  3 .  A s i n g l e  

t ens i le  test specimen ( 1 2 . 8  mm d iameter  by 7 6 . 2  mm long)  w a s  t aken  from 

each central  c o r e  as shown i n  Fig .  1 f o r  measurement by GLCC. 

The 354-log o r d e r  w a s  manufactured through t h e  bake s t e p  and 

Eight  a x i a l  specimens and f o u r  r a d i a l  specimens from each l o g  were 

measured for u l t i m a t e  t e n s i l e  s t r e n g t h  a t  GAY and one a x i a l  specimen from 

4 
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each l o g  w a s  measured a t  GLCC. 

p o s i t i o n s  i n  t h e  g r a p h i t i z i n g  fu rnace ,  and t h e  bu lk  d e n s i t y  of each l o g  

are l i s t e d  f o r  each e x t r u s i o n  l o t  i n  Appendix A (Tables  A-1 through A-3). 

The l o g s  are  l i s t e d  i n  o r d e r  of fu rnace  p o s i t i o n .  I n  t h i s  r e p o r t  t h e  

i d e n t i f i c a t i o n  numbers a s s igned  a t  GA ( f i r s t  column of Tables  A-1 through 

A-3) are used. 

The manufacturer’ ,s  i d e n t i f i c a t i o n  numbers, 

8 



4. EXPERIMENTAL METHODS 

The t e n s i l e  t es t  method i s  desc r ibed  i n  Ref. 1. General  Atomic and 

GLCC used t h e  same t e n s i l e  s t r e n g t h  method, a l though t h e  specimen s i z e  

d i f f e r e d  (Sec t ion  3). Round-robin tests performed on c o n t r o l l e d  specimen 

sets of H-451 showed t h e  two l a b o r a t o r i e s  t o  a g r e e  w i t h i n  1 %  us ing  t h e  

method desc r ibed  i n  Ref.  1 .  

9 



5.  EXPERIMENTAL RESULTS 

5.1.  AXIAL SPECIMENS 

I n d i v i d u a l  s t r e n g t h  measurements, grouped by e x t r u s i o n  l o t ,  are l i s t e d  

i n  Appendix B (Tables  B-I through B-3). Nine specimens w e r e  l o s t  o r  dam- 

aged du r ing  machining, and one s t r e n g t h  v a l u e  from a flawed specimen 

[ 2 . 7  MPa (392 p s i ) ]  w a s  r e j e c t e d .  The f i r s t  p a r t  of t h e  specimen number 

i d e n t i f i e s  t h e  p a r e n t  l og ,  and t h e  f i n a l  l e t t e r  i d e n t i f i e s  t h e  a x i a l  d i s -  

t ance  of t h e  specimen from t h e  c e n t e r  of t h e  l o g .  The specimens were 

l o c a t e d  a long  t h e  a x i s  between 25 and 127 mm (1 and 5 i n . )  from t h e  c e n t e r ,  

w i t h  t h e  A-specimens c l o s e s t  t o  t h e  c e n t e r  and t h e  D-specimens m o s t  d i s t a n t .  

Tables  B-4 through B-6 i n  Appendix B l i s t  t h e  average  s t r e n g t h  v a l u e  

f o r  each l o g ,  grouped by e x t r u s i o n  l o t .  The t a b l e s  i n c l u d e  t h e  fo l lowing  

in fo rma t ion  f o r  each log :  

1 .  

2 .  

3.  

A s i n g l e  s t r e n g t h  measurement supp l i ed  by GLCC, from a c y l i n d r i c a l  

specimen 12.8 mm (0.505 i n . )  i n  d i ame te r ,  t aken  on t h e  l o g  a x i s  

343 mm (13.5 i n . )  from t h e  midlength  c e n t e r .  

The average  of  t h e  f o u r  GA specimens c l o s e s t  t o  t h e  c e n t e r  

( s u b s c r i p t s  A and B ) .  

The average  of a l l  e i g h t  GA specimens ( s u b s c r i p t s  A,  B ,  C ,  and D ) .  

C o r r e l a t i o n  between t h e  v a l u e s  f o r  G L C C ' s  s i n g l e  specimen and t h e  GA aver- 

age  v a l u e s  w a s  poor.  This  d i f f e r e n c e  probably r e f l e c t s  bo th  t h e  s p a t i a l  

s e p a r a t i o n  of t h e  sampling zones and t h e  i n h e r e n t  randomness of a s i n g l e  

specimen. S t a t i s t i c a l  tests showed no s i g n i f i c a n t  d i f f e r e n c e  i n  mean 

v a l u e s  between t h e  A and B specimens ( l o c a t e d  c l o s e s t  t o  t h e  l o g  c e n t e r )  

and t h e  C and D specimens; t h e r e f o r e ,  they  can be  t r e a t e d  as coming from 

t h e  same popu la t ion .  
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There w a s  no appa ren t  c o r r e l a t i o n  between s t r e n g t h  and t h e  p o s i t i o n  

of t h e  l o g  w i t h i n  t h e  g r a p h i t i z a t i o n  fu rnace .  

The ave rage  s t r e n g t h s  and s t a n d a r d  d e v i a t i o n s  f o r  material from each 

e x t r u s i o n  l o t  are l i s t e d  i n  Table  1 .  The grand mean of 1 2 . 7  MPa ( 1 8 4 3  p s i )  

compares w i t h  a v a l u e  of 1 3 . 3  MPa ( 1 9 3 6  p s i )  ob ta ined  from GLCC'S s i n g l e  

specimens.  

The d i f f e r e n c e s  i n  average  s t r e n g t h  between t h e  t h r e e  e x t r u s i o n  l o t s ,  

shown i n  Table  1 ,  were s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t .  The small  d i f f e r -  

ences i n  s t a n d a r d  d e v i a t i o n  between t h e  d i f f e r e n t  e x t r u s i o n  l o t s  w e r e  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  

The d i f f e r e n c e  between t h e  average  s t r e n g t h s  of l o t s  472-478 and 482 

can be  accounted f o r  by GLCC d i f f e r e n c e s  i n  p rocess ing .  

5 . 2 .  RADIAL SPECIMENS 

The i n d i v i d u a l  r a d i a l  s t r e n g t h  measurements are l i s t e d  i n  Appendix C 

(Tables  C-1 through C - 3 ) .  Only specimens w i t h  an  A o r  B s u b s c r i p t  w e r e  

t e s t e d .  The specimens were l o c a t e d  w i t h i n  2 5  mm ( 1  i n . )  of t h e  end of 

t h e  p a r e n t  l o g  and w i t h i n  5 1  mm ( 2  i n . )  of t h e  c e n t e r l i n e  ( s e e  F ig .  3 ) .  

The average  s t r e n g t h  v a l u e s  f o r  each l o g  are  l i s t e d  i n  Appendix C (Tables  

C-4 through C-6). 

There w a s  no s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  between t h e  r a d i a l  

s t r e n g t h  and t h e  a x i a l  s t r e n g t h  of t h e  same l o g s  ( c o r r e l a t i o n  c o e f f i c i e n t  

0 . 1 1 ) .  

The average  r a d i a l  s t r e n g t h s  and s t a n d a r d  d e v i a t i o n s  f o r  each ex t ru -  

s i o n  l o t  are l i s t e d  i n  Table  2 .  The grand mean w a s  1 5 . 8  MPa (2291 p s i ) .  

The d i f f e r e n c e  i n  s t r e n g t h  between l o t s  4 7 2  and 4 7 8  w a s  n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  b u t  l o t  482  w a s  s i g n i f i c a n t l y  weaker than  t h e  o t h e r  two l o t s .  

I n  c o n t r a s t  t o  t h e  a x i a l  s t r e n g t h s  t h e  d i f f e r e n c e s  i n  s t a n d a r d  d e v i a t i o n  

1 1  



TABLE 1 
STATISTICAL ANALYSIS OF AXIAL STRENGTH DATA 

Extrusion 
Lot 

Number of 
Specimens Tested 

472 

478 

482 

All 

MPa 

1 2 . 3  

13 .6  

1 1 . 1  

12.7 

1 1 1  

439 

224 

774 

psi 

1779 

1976 

1616 

1843 

MPa 

2.9 

2 .8  

2.7 

3.0 

psi 

420 

400 

389 

430 

TABLE 2 
STATISTICAL ANALYSIS OF RADIAL STRENGTH DATA 

Extrusion 
Lot 

472 

478 

482 

All 

Number of Average Strength Standard Deviation 
Specimens Tested MPa psi MPa psi 

56 1 6 . 4  2380 1 . 4  209 

224 1 6 . 3  2364 1 . 8  256 

112 14 .5  21 00 2.7 389 

392 1 5 . 8  2291 2 .2  318 

1 2  



were s t a t i s t i c a l l y  s i g n i f i c a n t ,  w i t h  l o t  482 showing more v a r i a b i l i t y  

than  t h e  o t h e r  two l o t s .  This  w a s  a t t r i b u t a b l e  t o  a n  i n c r e a s e  i n  bo th  t h e  

log-to-log v a r i a b i l i t y  and t h e  wi th in- log  (specimen-to-specimen) v a r i a b i l i t y .  
, 

The h ighe r  s t r e n g t h  and reduced s t anda rd  d e v i a t i o n  of t h e  r a d i a l  

specimens a t  t h e  end-center  p o s i t i o n  compared w i t h  t h e  a x i a l  specimens a t  

t h e  midlength-center  p o s i t i o n  are no t  unusua l  and have been observed i n  

preproduct ion  l o g s .  The d i f f e r e n c e s  between t h e  t h r e e  l o t s  show t h a t  

material ex t ruded  i n  d i f f e r e n t  l o t s  can va ry  cons iderably  i n  s t r e n g t h  

p r o p e r t i e s  a f t e r  impregnat ion and g r a p h i t i z a t i o n .  
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6. APPLICATION OF RESULTS TO ACCEPTANCE TESTING 

6.1.  STRATEGY FOR ACCEPTANCE TESTING 

The r e s u l t s  d e s c r i b e d  i n  t h e  p rev ious  s e c t i o n  show t h a t  t h e  s t r e n g t h  

of a x i a l  mid length-center  specimens i s  bo th  lower and more s c a t t e r e d  than  

t h e  s t r e n g t h  of r a d i a l  end-center  specimens.  V a r i a t i o n s  between e x t r u s i o n  

l o t s  and v a r i a t i o n s  between l o g s  w i t h i n  t h e  same l o t  bo th  c o n t r i b u t e  t o  

t h e  scatter.  The log-to- log sca t te r  i s  too  g r e a t  t o  a l low q u a l i f i c a t i o n  

of e n t i r e  l o t s .  It  i s  e v i d e n t  t h a t  accep tance  tests in tended  t o  ensu re  

minimum s t r e n g t h  needs should  b e  based on a x i a l  midlength-center  specimens 

and t h a t  each l o g  should  b e  sampled. A d d i t i o n a l  tests on r a d i a l  end- 

center specimens would be  of l i t t l e  v a l u e  i n  q u a l i f y i n g  l o g s  because  of t h e  

r e l a t i v e l y  h igh  uniform s t r e n g t h  of such  material .  

6.2.  STATISTICAL MODEL 

To deve lop  l o g i c a l  accep tance  c r i t e r i a ,  t h e  fo l lowing  s t a t i s t i c a l  

model w a s  assumed: 

t h  where x i s  a n  ax ia l  s t r e n g t h  measurement from t h e  j th  l o g  i n  t h e  i 
i j  

l o t ,  p is  t h e  grand mean s t r e n g t h ,  a is  t h e  v a r i a t i o n  s y s t e m a t i c  t o  t h e  i 
ith l o t ,  6 .  i s  t h e  v a r i a t i o n  s y s t e m a t i c  t o  t h e  j th  l o g  from t h i s  l o t ,  and 

E i s  t h e  random v a r i a t i o n  ( i n  t h e  midlength-center  sampling zone) with-  

i n  t h i s  l o g .  It w a s  f u r t h e r  assumed t h a t  a, B, and E are normally and 

independent ly  d i s t r i b u t e d  w i t h  means of zero  and v a r i a n c e s  of 0 

and a r e s p e c t i v e l y .  The l a t t e r  t h r e e  q u a n t i t i e s  are,  i n  o r d e r ,  t h e  

v a r i a n c e s  a t t r i b u t a b l e  t o  l o t - t o - l o t  v a r i a t i o n s ,  log-to- log v a r i a t i o n s ,  

J 

ij 

2 a  2 
l o t ’  l og ’  2 

WL’ 
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and wi th in- log  v a r i a t i o n s .  It is i m p l i c i t  i n  t h e  model t h a t  t h e  log-to- 

l o g  v a r i a n c e  i s  t h e  same f o r  a l l  e x t r u s i o n  l o t s  and t h e  wi th in- log  v a r i a n c e  

i s  t h e  same f o r  a l l  l o g s .  

Values f o r  t h e  t h r e e  components of v a r i a n c e  were c a l c u l a t e d  from t h e  

tes t  d a t a  by t h e  a n a l y s i s  of v a r i a n c e  method. The c a l c u l a t i o n s  confirmed 

t h a t  bo th  l o t - t o - l o t  and log-to-log v a r i a t i o n s  were s t a t i s t i c a l l y  h i g h l y  

O2 and O 2  qre shown i n  Table  3 ;  t h e  s i g n i f i c a n t .  The v a l u e s  f o r  O 

corresponding  s t a n d a r d  d e v i a t i o n s  a r e  a l s o  inc luded .  
l o t '  l o g  WL 

Table  3 shows t h a t  t h e  l a r g e s t  c o n t r i b u t o r  t o  t h e  sp read  i n  t h e  a x i a l  

s t r e n g t h  measurements i s  t h e  log-to-log v a r i a t i o n  among l o g s  from t h e  s a m e  

e x t r u s i o n  l o t .  On t h e  o t h e r  hand, t h e  wi th in - log  v a r i a n c e  [ 2 . 6 7  (MPa) ] 

i s  low enough f o r  log-by-log acceptance  tests based on a few specimens p e r  

l o g  t o  b e  p r a c t i c a b l e .  

2 

6 . 3 .  ACCEPTANCE C R I T E R I A  

The purpose of accep tance  t e s t i n g  i s  t o  ensu re  t h a t  material from 

t h e  midlength  c e n t e r  ( t h e  weakest  l o c a t i o n )  of t h e  l o g s  meets t h e  minimum 

s t r e n g t h  requi rement ,  S , f o r  a p a r t i c u l a r  r e a c t o r  c o r e  component. 

Because of t h e  v a r i a b i l i t y  i n  g r a p h i t e  s t r e n g t h s ,  a s t a t i s t i c a l  d e f i n i t i o n  

of "minimum s t r e n g t h "  i s  r e q u i r e d .  

i n g  two a l t e r n a t i v e  d e f i n i t i o n s  w e r e  cons idered:  

min 

For  t h e  p r e s e n t  a n a l y s i s  t h e  fo l low-  

90/90: A t  least  90% of t h e  material a t  t h e  midlength c e n t e r  of 

t h e  l o g  e q u a l s  o r  exceeds t h e  s p e c i f i e d  minimum s t r e n g t h ,  w i t h  

90% conf idence .  

99/95: A t  least  99% of t h e  material a t  t h e  midlength  c e n t e r  of 

t h e  l o g  e q u a l s  o r  exceeds t h e  s p e c i f i e d  minimum s t r e n g t h ,  w i t h  

95% conf idence .  
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TABLE 3 
COMPONENTS OF VARIANCE: AXIAL STRENGTH DATA 

Source  of Variation 

Lot -  to-lo t 

Log- t 0-log 

Within log (residual) 

Variance Standard Deviation 
2 MF'a psi 

1.22 25,533 1.10 160 

5.22 109,905 2.29 332 

2.67 56,200 1.63 237 

2 psi Symbol MPa 

2 
lot 

2 
log 

2 
WL 

0 

0 

0 
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An acceptance  t e s t i n g  s t r a t e g y  which meets t h e  needs can be  de r ived  

from t h e  s t a t i s t i c a l  model of Eq .  1 ,  if i t  is  assumed t h a t  t h e  p r e s e n t  

estimate of t h e  wi th in- log  v a r i a n c e  [2.67 (MPa) ] i s  exac t  and w i l l  remain 

unchanged i n  f u t u r e  product ion  runs .  Suppose t h a t  n rep l ica te  specimens 

from t h e  midlength c e n t e r  of  a l o g  a r e  t e s t e d  and t h e i r  average ,  X, i s  

used t o  estimate t h e  mean l o g  s t r e n g t h ,  + cx + Bj. The minimum s t r e n g t h  

requirement ,  

2 

i 
w i l l  be  m e t  i f  X meets t h e  fo l lowing  c r i t e r i o n :  'min' 

1 . 2 8 2  + 1.282 OWL + - I >  S - min A W L  

i f  t h e  90/90 d e f i n i t i o n  of minimum s t r e n g t h  i s  used ,  o r  

- 1.645 cr x > Smin + 2.326 am + - - G W L  

i f  t h e  more s t r i n g e n t  99/95 d e f i n i t i o n  of minimum s t r e n g t h  i s  used. 

numerical  f a c t o r s  i n  Eq. 2 come from t a b u l a t e d  v a l u e s  f o r  t h e  s t a n d a r d  

normal d i s t r i b u t i o n .  

The 

D i f f e r e n t  components i n  t h e  HTGR c o r e  expe r i ence  d i f f e r e n t  stress 

levels .  Therefore ,  t h e  fo l lowing  t h r e e  s t r e n g t h  c a t e g o r i e s  w e r e  cons ide red :  

Category A: minimum s t r e n g t h  10.3 MPa (1500 p s i )  

C a t e g o r y  B: m i n i m u m  s t r e n g t h  8.3 MPa (1200 p s i )  

Category C: minimum s t r e n g t h  5.5 MPa ( 800 p s i )  

The v a l u e  which ?I must exceed f o r  a l o g  t o  b e  a s s igned  t o  ca t egory  A ,  B y  

o r  C can b e  c a l c u l a t e d  from Eq. 2 .  Values  are shown i n  Table  4 f o r  bo th  

f o u r  and e i g h t  r e p l i c a t e  tests p e r  l o g ,  and f o r  bo th  t h e  90/90 and t h e  

99/95 d e f i n i t i o n s  of minimum s t r e n g t h .  

The c r i t e r i a  l i s t e d  i n  Table  4 were a p p l i e d  t o  each  of t h e  98 t e s t e d  

l o g s .  For t h e  case r e q u i r i n g  f o u r  r e p l i c a t e  tests, t h e  f o u r  specimens 

c l o s e s t  t o  t h e  l o g  c e n t e r  ( s u b s c r i p t s  A and B )  were used. The a s s igned  
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CRITERIA F 

Number of 
Tests pe r  

Log 

TABLE 4 
R A S S I G N I N G  LOGS TO STREI 

D e f i n i t i o n  of 
Minimum 

S t r e n g t h ,  Smin 

ZTH 
CATEGORIES A,  B ,  OR c (AXIAL DATA) 

90/ 90 (b)  

99/95 (c)  

90/90(b)  

99/95(c)  

( a )  
S t r eng t h 
Category 

A 
B 
C 

A 
B 
C 

A 
B 
C 

A 
B 
C 

Value Which Average 
Measured S t r e n g t h ,  x ,  

Must Exceed 

- 

MPa 

13.5 
11.4 

8 . 7  

15.5 
13.4 
10.7 

13.2 
11.1 

8.3 

15.1 
13.0 
10.3 

P s i  

1956 
1656 
1256 

2246 
1946 
1546 

1911 
1611 
1211 

21 89 
1889 
1489 

( a )Ca tegor i e s  correspond t o  t h e  fo l lowing  minimum s t r e n g t h s  : 

A: 10.3 MPa (1500 p s i )  
B: 8.3 MPa (1200 p s i )  
C: 5 .5  MFa (800 p s i )  

(b)At least 90% of material a t  midlength  c e n t e r  exceeds s p e c i f i e d  
minimum s t r e n g t h ,  w i t h  90% conf idence .  

(')At least 99% of material a t  midlength  c e n t e r  exceeds s p e c i f i e d  
minimum s t r e n g t h ,  w i t h  95% conf idence .  

18 



ca tegory  f o r  each l o g  is g iven  i n  Appendix B (Tables  B-4 through B-6) f o r  

bo th  a four-specimen and a n  eight-specimen sampling p l an ,  and f o r  bo th  t h e  

l o o s e  and t h e  more s t r i n g e n t  d e f i n i t i o n s  of minimum s t r e n g t h .  

6 . 4 .  YIELDS OF LOGS BY CATEGORY 

A summary of t h e  numbers of l o g s  a s s igned  t o  each ca t egory  under 

four-specimen and eight-specimen sampling p l a n s ,  apply ing  e i t h e r  of t h e  

two d e f i n i t i o n s  of minimum s t r e n g t h ,  i s  g iven  i n  Table  5 .  The r e s u l t s  a r e  

broken down by e x t r u s i o n  l o t .  

Using t h e  less s t r i n g e n t  90/90 d e f i n i t i o n  of minimum s t r e n g t h  and a n  

eight-specimen sampling p l a n ,  on ly  two l o g s  would be  r e j e c t e d  a s  f a i l i n g  

t o  q u a l i f y  f o r  s t r e n g t h  ca t egory  C ,  and a lmost  h a l f  t h e  l o g s  would q u a l i f y  

f o r  ca t egory  A. 

would be  r e j e c t e d  and about  20% of t h e  remainder would q u a l i f y  f o r  ca t egory  

A .  A t y p i c a l  o r d e r  of l o g s  f o r  a replacement  segment of an  HTGR c o r e  

would r e q u i r e  about  25% of t h e  accep ted  l o g s  t o  q u a l i f y  f o r  ca t egory  A 

and 70% t o  q u a l i f y  f o r  A o r  B.  I f  t h e  99/95 minimum s t r e n g t h  d e f i n i t i o n  

w e r e  adopted i n  p l a c e  of t h e  90/90 d e f i n i t i o n ,  t h e  y i e l d s  i n  t h e  h i g h e r  

c a t e g o r i e s  would f a l l  j u s t  s h o r t  of t h e s e  r equ i r emen t s ,  based on t h e  

q u a l i t y  of t h e  p roduc t ion  f o r  a l l  98 l o g s  cons idered  i n  t h i s  o r d e r .  

I f  t h e  more s t r i n g e n t  99/95 d e f i n i t i o n  i s  used,  18 l o g s  

The e f f e c t  on t h e  y i e l d s  of r educ ing  t h e  number of tests p e r  l o g  

from e i g h t  t o  f o u r  is f a i r l y  s m a l l .  The number of rejects would i n c r e a s e  

from two t o  f i v e  under  t h e  9 0 / 9 0  s t r e n g t h  d e f i n i t i o n ,  and rejects would 

b e  i n c r e a s e d  from 18 t o  22 under t h e  99/95 s t r e n g t h  d e f i n i t i o n .  There 

would b e  some o v e r a l l  downgrading because  more b o r d e r l i n e  l o g s  would be 

moved down i n  ca t egory  than  would be  moved up. 

The b e t t e r  q u a l i t y  of  e x t r u s i o n  l o t  478, i n d i c a t e d  by i t s  h i g h e r  

average  s t r e n g t h  i n  Table  1 ,  i s  c l e a r l y  r e f l e c t e d  i n  t h e  y i e l d s  l i s t e d  

i n  Table  5. Even us ing  t h e  99/95 d e f i n i t i o n  of minimum s t r e n g t h ,  o n l y  

two of  t h e  56 l o g s  i n  l o t  478 would b e  r e j e c t e d  and 25% would meet 

c a t e g o r y  A requi rements .  

1 9  



Number of 
Tests p e r  

Log 

TABLE 5 
YIELDS OF LOGS I N  EACH STRENGTH 

CATEGORY ( BASED ON AXIAL STRENGTHS) 

D e f i n i t i o n  of  
Minimum 

S t r e n g t h ,  S min 

9 0 / 9 0 ( a )  

9 9 / 9 5  (b )  

90/90(a)  

9 9 / 9 5 ( b )  

Ext rus ion  
Lot 

472 
478 
482 
A l l  

47 2 
478 
482 
A 1  1 

472 
47 8 
482 
A 1  1 

472 
47 8 
482 
A l l  

Number of Logs Assigned t o  
S t r e n g t h  Category 

A 

6 
27 

6 
39 

1 
12 

1 
1 4  

6 
29 

7 
42 

2 
14  

1 
17 

B 

3 
22 

6 
3 1  

5 
1 6  

5 
26 

3 
22 

6 
31 

4 
20  

6 
30 
- 

C 

4 
6 

1 3  
23 

3 
26 

7 
36 

4 
5 

14  
23 

4 
20 

9 
33 

Reject 

1 
1 
3 
5 

5 
2 

15 
22 

1 
0 
1 
2 

4 
2 

12 
18 

Tot a1 

14 
56 
28 
98 

14  
56 
28 
98 

14  
56 
28 
98 

1 4  
56 
28 
98 

(a)At l eas t  90% of  material a t  midlength  c e n t e r  exceeds s p e c i f i e d  
minimum s t r e n g t h ,  w i t h  90% conf idence .  

(b)At least  99% of material  a t  midlength  c e n t e r  exceeds s p e c i f i e d  
minimum s t r e n g t h ,  w i t h  95% conf idence .  
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APPENDIX A 

IDENTIFICATION NUMBERS AND DENSITIES OF LOGS IN EXTRUSION LOTS 4 7 2 ,  4 7 8 ,  
AND 482 



TABLE A-1 
IDENTIFICATION NUMBERS AND DENSITIES OF LOGS IN EXTRUSION LOT 472  

GA Log Number 
(7194-) 

16 

20 
26 
29 
40 
42 
46 
55 
75 
78 
a4 
94 
96 
105 

GLCC Log Number 
(1272-) 

22 
18 
48 
29 
30 
14 
26 
13 
12 
28 
23 
24 
45 
34 

GLCC Serial 
Number 

10026 
10034 
10044 
10051 
10066 
10072 
10076 
10093 
10125 
10132 
10142 
10156 
10162 
10176 

Position in Graphitizing 
Furnace #S1 

2-6 

3-4 
4 -4 
5-1 
6-6 
7-2 
7-6 
9-3 
12-5 
13-2 
14-2 
15-6 
16-2 
17-6 

Log Density 
(Ms/m3) 

1.74 
1.75 
1.73 
1.77 
1.73 
1.73 
1.75 
1.74 
1.74 
1.73 
1.74 
1.74 
1.74 
1.73 

A- 1 



TABLE A-2 
IDENTIFICATION NUMBERS AND DENSITIES OF LOGS IN EXTRUSION LOT 478 

-~ 

GA Log Nurnber 
(7194 - )  

12 
13 
14 
17 
18 
19- 
24 
28 
30 
31 
33 
37 
38 
39 
43 
47 
48 
49 
51 
52 
53 
54 
56 
57 
58 
59 

. 61 
63 
64 
65 
66 
67 
68 
69 
70 
72 
73 
74 
76 
79 
80 
82 
83 
85 
86 
87 
88 
89 
90 
91 
92 
98 
100 
104 
107 
108 

GLCC Log Number 
(1272-) 

66 
17 
21 
37 
30 
48 
28 
41 
8 
67 
68 
36 
44 
6 
9 

77 
15 
18 
72 
49 
29 
62 
12 
2 
1 
10 
55 
93 
25 
26 
27 
95 
16 
75 
39 
87 
45 
19 
32 
11 
76 
23 
7 
40 
35 
5 
46 
63 
43 
60 
13 
54 
4 
58 
61 

38 

GLCC Serial 
Number 

10022 
10023 
10024 
10031 
10032 
10033 
1004 2 
10046 
10052 
10053 
10055 
10063 
10064 
10065 
10073 
10081 
10082 
10083 
10085 
10086 
10091 
10092 
10094 
10095 
10096 
10101 
10103 
10105 
10106 
10111 
10112 
10113 
10114 
10115 
10116 
10122 
10123 
10124 
10126 
10133 
10134 
10136 
10141 
10143 
10144 
10145 
10146 
10151 
10152 
10153 
10154 
10164 
10166 
10175 
10183 
10184 

A-2 

Position in Graphitizing 
Furnace e51 

2-2 
2-3 
2-4 
3-1 
3-2 
3-3 
4-2 
4-6 
5-2 
5-3 
5-5 
6-3 
6-4 
6-5 
7-3 
8-1 
8-2 
8-3 
8-5 
8-6 
9-1 
9-2 
9-4 
9-5 
9-6 
10-1 
10-3 
10-5 
10-6 
11-1 
11-2 
11-3 
11-4 
11-5 
11-6 
12-2 
12-3 
12-4 
12-6 
13-3 
13-4 
13-6 
14-1 
14-3 
14-4 
14-5 
14-6 
15-1 
15-2 
15-3 
15-4 
16-4 
16-6 
17-5 
18-3 
18-4 

Log Density 
ofg /m3 
1.73 
1.73 
1.72 
1.71 
1.75 
1.73 
1.73 
1.74 
1.75 
1.73 
1.73 
1.73 
1.75. 
1.74 
1.74 
1.73 
1.75 
1.75 
1.75 
1.73 
1.74 
1.73 
1.71 
1.75 
1.75 
1.74 
1.74 

1.74 
1.74 
1.74 
1.74 
1.73 
1.75 
1.74 
1.72 
1.72 
1.74 
1.74 
1.75 
1.74 
1.74 
1.73 
1.74 
1.74 
1.74 
1.76 
1.74 
1.73 
1.74 
1.73 
1.74 
1.73 
1.75 
1.73 
1.73 

1..72 



TABLE A-3 
IDENTIFICATION NUMBERS AND DENSITIES OF LOGS I N  EXTRUSION LOT 482  

GA Log Number 
(7194-) 

11 
15 
21 
22 
23 
25 
27 
32 
34 
35 
36 
41 
44 
45 
50 
60 
62 
71 
77 
81 
93 
95 
97 
99 
101 
102 
103 
106 

GLCC Log Number 
(1272-) 

118 
136 
147 
126 
113 
153 
102 
121 
54 
50 
129 
144 
114 
122 
111 
110 
44 
108 
53 
104 
132 
155 
115 
151 
134 
150 
123 
117 

GLCC Serial 
Number 

10021 
10025 
10035 
10036 
10041 
10043 
10045 
10054 
10056 
10061 
10062 
10071 
10074 
10075 
10084 
10102 
10104 
10121 
10131 
10135 
10155 
10161 
10163 
10165 
10171 
10173 
10174 
10181 

Position in Graphitizing 
Furnace #51 

2-1 
2-5 
3-5 
3-6 
4-1 
4-3 
4-5 
5-4 
5-6 
6-1 
6-2 
7-1 
7-4 
7-5 
8-4 
10-2 
10-4 
12-1 
13-1 
13-5 
15-5 
16-1 
16-3 
16-5 
17-1 
17-3 
17-4 
18-1 

1.72 
1.74 
1.73 
1.74 
1.75 
1.74 
1.73 
1.72 
1.72 
1.74 
1.75 
1.77 
1.73 
1.75 
1.74 
1.73 
1.71 
1.73 
1.72 
1.72 
1.73 
1.72 
1.73 
1.74 
1.72 
1.73 
1.73 
1.74 

A- 3 



APPENDIX B 

AXIAL TENSILE STRENGTH MEASUREMENTS FOR EXTRUSION LOTS 4 7 2 ,  478,  AND 482 

I: 



S T D .  D E V .  e 6  
9 Z . P S I )  

B- 1 



TABLE B-1 (Continued) 

7 1 9 ~ - 2 7 - 2 4  A X  MLC 
7 1 9 4 - 2 9 - 2 8  A X  M L C  
7 1 9 4 - 2 9 - 4 A  A X  H L C  
7194-29-4l.1, A X  HLC 

29-2C A X  H L C  
2 9 - 2 0  A X  MLC 
29 -4C C Y  MLC 
?9-’+D A X  YLC 

8.1 
.1 0 . 7  

10 .8  
10.. 8 
10.5 
11.1 
10 .6  
11.4 

I \ €  AN 

S T D .  D E V .  

S T D .  D E V .  

B- 2 



TABLE B-1 (Continued) 

ME. P N 15.2 
4 2 2 l G . P S I )  

7 1 9 4 - 7 5 - 2 A  A X  M L C  

7 1 9 4 - 7 5 - 4 A  A X  M L C  
7 1 9 4 - 7 5 - 4 B  A X  M L C  

7 5 - Z C  A X  H L C  
75-20 A X  MLC- 
7 5 - 4 C  A X  Y L C  
7 5 - 4 D  A X  H L C  

7 1 9 4 - 7 5 - ; 2 e  A X  M L C  

12.5 
16.2  
17.4 
17 .0  
11.8 
16.6 
11.8 
14.6 

_ _ _ ~  

HEAN 

B-3 



7 3 9 4 - 9 4 - 2 A  A X  M L C  
7 1 9 4 - 9 4 - 4 P  A X  M L C  
7 1 3 4 - 9 4 - 4 8  A X  M L C  

9 4 - 2 C  A X  MLC 
? 4 - 2 D  A X  MLC 
94-4iC A X  M L C  
9 4 - 4 0  A X  M L C  

1 1 . 2  
1 3 . 1  
13.4 
1 2 . 4  
1 1 . 5  
1 0 . 1  
1 4 . 2  

F E A N  1 2 . 3  
( 1 7 8 ! ? o P S I )  

B- 4 



TABLE B-1 (Continued) 

B- 5 



S T D .  D E V .  

7 1 9 4 - 1 4 - 2 A  A X  M L C  14.9 
7 1 9 4 - 1 4 - 2 R  A X  Y L C  1 5 . 1  
7 9 4 - 1 4 - 4 P  A X  M L C  1 5 . 1  
7 1 9 4 - 1 4 - 4 8  A X  M L C  16.6 

1 a - 2 c  P X  V L C  1 6 . 5  
1 4 - 4 C  A X  HLC 1 7 . 6  
1 4 - 4 D  A X  H L C  15.U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M E A N  i s  .a 
( Z 2 9 4 a P S I )  
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TABLE B-2 (Continued) 

S P C C I V E M  O R I E N T -  L O C A -  D E N S I T Y  Y O U N G S  PERM- F R A C -  T t N S I L E  
NUMBER A T I O N  T I O N  ( H G / H * * 3  )MODULUS ANENT T U R E  S T R E N G T H  

(GPA)  S E T  S T R A I N  (MPP)  
( P C T )  ( P C T I  

7 1 9 4 - 1 7 - 2 A  A X  MLC 
7 1 9 4 - 1 7 - 2 8  A X  YLC 
7194-17-1)A P X  M L C  
7 1 9 4 - 1 7 - 4 B  A X  M L C  

77-2C A X  Y L C  
1 7 - 2 0  A Y  MLC 
1 7 - 4 C  A X  M L C  
1 7 - 4 0  P X  HLC 

1 9 . 1  
11.1 
12.9 
19 .3  
11.1 
12 .1  
13.5 
11.7 

M E A N  11.2 
( i 6 2 7 o P S I )  

S T D .  D € V .  

B- 7 
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TABLE B-2 (Continued) 

ME A N 1 3 . 6  
f 1 9 7 2 m P S I )  

STD.  D E V .  
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TABLE B-2 (Continued) 

7 1 9 4 - 4 7 - 2 A  A X  MLC 14.6 
7 1 9 4 - 4 7 - 2 8  A X  M L C  1 2 . 1  
7 1 9 4 - 4 7 - 4 A  A X  MLC 11.0 
7 1 9 4 - 4 7 - 4 8  A X  M L C  1 L . I  

4 7 - 2 C  A X  Y L C  12.2 
Q 7 - 2 D  A X  MLC 8.4 
4 7 - 4 C  A X  MLC 130s 
4 7 - 4 D  A X  WLC 13.4  

MEAN 12.1; 
------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 1734.PSX)  

7 1 9 4 - 4 8 - 2 A  A X  MLC 9 09 
7 1 9 4 - 4 8 - 2 8  A X  H L C  6.9 
7 1 9 4 - 4 8 - 4 A  A X  MLC 1 2 . 1  
7 1 9 4 - 4 8 - Y B  A X  HLC 13.1  

48-2D A X  MLC 9 . 3  
48-4C A X  MLC 11.9 
4 8 - 4 0  A X  MLC 1 3 . 7  

U8-2C P X  MLC 9.n 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M E A N  1J.i) 

( 1 4 4 R o P S I )  

7 1 9 4 - 4 9 - 2 A  A X  HLC 14.9 
7 1 9 4 - 4 9 - 2 E  A X  MLC 14.6 
7 1 9 4 - 4 9 - 4 A  A X  MLC 1 3 . 1  
7 1 9 4 - 4 9 - 4 B  A X  MLC- 14 .3  

4 9 - 2 C  A X  MLC 1 3 . 5  
4 9 - 2 D  A X  HLC- 12.9 
4 9 - 4 C  A X  V L C  14.6 
4 9 - 4 0  A X  NLC 1 5 . 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MEAN 1 4 . 2  
( 2 0 5 ~ . P S I )  
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M E  AN 
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TABLE B-2 (Continued) 

S T D .  DEW. 

B-13 



TABLE B-2 (Continued) 

MEAN 

S T O .  O E V .  

S T O .  D E V .  



TABLE B-2 (Continued) 

MEAN 
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TABLE B-2 (Continued) 

MEAN 

7 1 9 4 - 6 8 - 2 A  A X  MLC 
7 1 9 4 - 6 8 - 2 8  A X  MLC 
7 1 9 4 - 6 8 - 4 A  A X  HLC 
7 1 9 4 - 6 9 - 4 8  A X  MLC 

6R-2C A X  MLC 
68-2D A X  MLC 
68-4C A X  HLC 
6 8 - 4 0  A X  H L C  

14.4 
12 .7  
12.7 
13 .1  
11.5 
13.5 
11.5 
12.9 

MEAN ._ . 12.8 
( 1 8 5 4 a P S T )  
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M E A N  16.3 
1 2 3 6 4 . P S I I  
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TABLE B-2 (Continued) 
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S T D .  DEV.  

S T D .  DEV. 
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TABLE B-2 (Continued) 

MEAN 

7 1 9 4 - A H - 2 F  A X  W L C  
7 1 9 4 - 8 8 - 4 A  A X  M L C  
7 1 9 4 - 8 8 - 4 B  A X  M L C  

8 a - z ~  A X  ~ L C  
a s - z o  A X  M L C  
8 8 - 4 C  A X  Y L C  
P 8 - 4 C  A X  M L C  

M E A N  16.9  
( 2 4 5 1 . P S I )  

S T D o  D E V o  1.2 
1 7 r ) O P S I )  

B-21 
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MEAN 

MEAN 1 1 . 5  
( 167OwPSI) 



TABLE B-2 (Continued) 

MEAN 

S T O e  U E V e  
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TABLE B-2 (Continued) 
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MEAN 

S T D o  O E V .  
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TABLE B-3 (Continued) 

S T D .  D E V .  

B- 26 



TABLE B-3 (Continued) 

MF AN 

B-27 



HFAN 1 9 . 1  
( 1 4 6 7 e P S I )  

7 1 9 4 - 4 1 - 2 A  4 X  HLC 13.5 
7 1 9 4 - 4 1 - 2 6  A X  HLC 13.5  
7 1 9 4 - 4 1 - 4 A  A X  M L C  13 .4  
7 1 9 4 - 4 1 - 4 8  A X  NLC 11.8  

4 1 - 2 C  A X  HLC 12.2 
4 1 - 2 0  A X  M L C  14.8 
4 1 - 4 C  A X  M L C  15.3 
4 1 - 4 D  A X  MLC 16.3  ----------------------------------------------------------------- 

MEAN - 1 3 . 9  
( 2 0 0 9 . P S I )  
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TABLE B-3 (Continued) 

S T O .  D E V o  i o 5  
2 1 R o P S I )  

HE AN 
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TABLE B-3 (Continued) 

hEAN 

ME P.N 

7 1 9 4 - 7 1 - 2 A  A X  HLC 1 2 . 9  
7 1 9 4 - 7 1 - 2 8  A X  M L C  1 2 . 7  
7 1 3 4 - 7 1 - 4 A  A X  HLC 1 2 . c  
7 1 9 4 - 7 1 - 1 + 6  A X  MLC 9 . 6  

7 1 - 2 C  kX MLC 1 0 . 3  
7 1 - 2 0  A X  HLC 1 3 . 6  
7 1 - 4 C  A X  MLC 8 . 3  
7 1 - 4 0  A X  MLC 1 2 . 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MEAN 1 1 . 5  
( 1 6 7 ' * P S I I  
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TABLE B-3 (Continued) 

SPECIMEN O R I E N T -  L O C A -  D E N S I T Y  YOUNGS PERM- F R A C -  T L N S I L E  
NUMRER A T I O N  T I O N  ( H C / n * * 3  )MODULUS ANENT TURE STRENGTH 

( G P A )  SET S T R A I N  ( H P A )  
( P C T )  ( P C T )  

H€AN 

. HEAN 

B-3 1 



M E A N  

7194-99-2A A X  N L C  13.2 
7134-99-20 A X  M L C  11.7 
7194-99-46, A X  M L C  11.2 
715k-99-4P A X  H L C  12.2 

99-2C A X  M L C  11.4 
99-20 A X  M L C  13.3 
99-4C A X  H L C  11.8 
99-40 A X  HLC 1 2 e 9  

NFAN 12.2 
-------------------_--------------------------------------------- 

( 1771.PSI) 
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TABLE B-3 (Continued) 

MFAN 

S T O .  D E V .  
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TABLE B-3 (Continued) 

I 

7 1 9 4 - 1 0 6 - L A  A X  YLC 
7 1 9 4 - 1 C C - 2 F  A X  MLC 

7114-106-48 A X  YLC 
l n b - 2 C  A X  HLC 
l E 6 - 2 D  A X  NLC 
IDS-SC A X  Y L C  
lC6-rD A X  HLC 

7 1 9 4 - i c 6 - 4 ~  A X  n L c  

1 2 . 5  
1 1 0 6  
10.8 
11.0 
1 2 . 8  
1 1 . 6  
1 2 . 2  
9 0 3  

MEAN 

I 
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i 

C 

A 

A 

GA Log 
Number 
(7 194 - ) 

Rejec t  

B 

A 

16 

20 

26 

29 

40 

42 

46 

55 
75 

78 

84 

94 

96 

105 

A 

B 

C 

TABLE B-4 
SUMMARY OF AXIAL STRENGTH DATA FOR EXTRUSION LOT 472 

B 

C 

Rejec t  

GLCC 

Specimen 

S t r e n g t h  (MPa) 

12.8 

15.4 

14.8 

10.0 

12 .6  

11.4 

17.0 

8.8 

14.3 

13.1 

12.2 

12 .1  

13.4 

14.7 

G 

Mean of 4 
(AEB Specs.)  

13 .6  

15 .3  

12.4 

9 .6  

7.1 

10.2 

14.8 

15.2 

15.8 

10.2 

14 .9  

12 .6  

8 .9  

13.0 

Mean of 8 
Specimens 

14.2 

15.2 

12.4 

10 .3  
7.0 

10.1 

14.1 

15.2 

14.8 

10.1 

14 .8  

12 .3  

8 .8  

12 .6  

Assigned S t r e n g t h  Category 

Based on 
90/90 

Conf. (a) 

A 
A 

B 

‘ C  

Re j ect 
C 

A 

A 

A 

C 

A 

B 

C 

B 

I GA Tes t  Based on 8 GA T e s t s  

99/95 
Conf. (b) 

B 

B 

C 

Re j e c t  

Re j e c t  

Reject 

B 

B 

A 

Rejec t  

B 

C 

Rejec t  

C 

C%:ya) I Conf. 99/95 (b) 

I C  
I C  

Re j ec t  I Rejec t  

Rejec t  

A 

C 

I C  
(a)  

(b) 

A t  least  90% of material a t  midlength-center  exceeds s p e c i f i e d  
minimum s t r e n g t h ,  wi th  90% conf idence .  
A t  least 99% of material a t  midlength-center  exceeds s p e c i f i e d  
minimum s t r e n g t h ,  wi th  95% conf idence .  
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TABLE B-5 
SUMMARY OF AXIAL STRENGTH DATA FOR EXTRUSION LOT 478 

~ 

Mean of 4 - 
(AEB Specs.) 

11.6 
13.3 
15.4 
11.1 
12.6 
12.3 
16.2 
13.3 
15.6 
14.1 
14.4 
11.9 
12.3 
13.8 
15.0 
12.0 
9.7 
14.2 
11.5 
16.1 
13.3 
13.3 
12.9 
12.0 
14.5 
10.9 
10.8 
15.8 
18.8 
19.4 

GA Log 
Number 
(7 194 -) Conf. (a) 

B 
B 
A 
B 
A 
B 
A 
B 
A 
A 
A 
B 
B 
B 
A 
B 
C 
A 
C 
A 
A 
A 
B 
B 
A 
C 
B 
A 
A 
A 
A 
A 
B 
B 
B 
B 
C 
A 
A 
B 
A 
C 
A 
B 
A 
A 
A 
B 
A 
B 
B 
A 
A 
A 
A 
B 

12 
13 
14 
17 
18 
19 
24 
28 
30 
31 
33 
37 
38 
39 
43 
47 
48 
49 
51 
52 
53 
54 
56 
57 
58 
59 
61 
63 
64 
65 
66 
67 
68 
69 
70 

Conf. (b) 

C 
B 
A 
C 
B 
C 
A 
C 
A 
B 
B 
C 
C 
C 
A 
C 

Reject 
B 
C 
A 
B 
B 
B 
C 
B 
C 
C 
A 
A 
A 
A 
A 
C 
C 
C 
B 
C 
B 
A 
B 
B 

Reject 
A 
C 
B 
A 
A 
C 
B 
B 
C 
B 
B 
B 
B 
C 

G LCC 

13.3 11 B 
B 
A 

-~ 

I Specimen 

C 
C 
A 
C 
A 
B 

8.3 
9.1 
16.5 
14.8 
12.6 
13.8 
12.1 
17.1 
15.8 
7.2 
11.7 
10.3 
14.4 
11.0 
13.8 
15.2 
15.3 
17.0 
14.5 
13.4 
12.8 
16.2 
11.7 
15.2 
13.0 
15.2 
10.8 

72 
73 
74 
76 
79 
80 
82 
83 
85 
86 
87 
88 
89 
90 
91 
92 
98 
100 
104 
107 
108 

17.1 
17.9 

13.2 13.3 13.1 B C 
14.5 11.7 11 .o B C 
10.1 14.5 14.7 A B 
18.3 16.8 16.3 A A 
11.2 13.5 13.2 B B 
16.8 14.3 13.5 A B 
10.7 8.4 8.5 Reject Reject 
16.3 19.8 19.5 A A 
10.5 13.1 12.5 A c 
12.1 14.5 14.7 A B 
16.2 16.8 17.3 A A 
12.5 18.0 16.9 A A 
11.4 12.2 12.0 B C 
13.2 14.7 14.0 A B 
18.1 12.3 13.2 B C 
15.0 11.2 11.5 C C 
16.1 15.2 15.1 A B 
14.1 15.1 15.0 A 8 
8.3 12.9 13.5 B C 
16.8 14.4 14.7 A B 
11.0 13.5 . 11.6 A B 

15.7 
16.7 
16.3 
14.6 
15.7 

' 13.8 

II Assigned Stre Strength (MPa) 
GA fl Based on 4 GA Tests 

17.7 
13.2 
12.5 
11.2 

99/95 

13.1 

11.2 

12.6 11 
15.4 
12.5 
15.1 

11.2 
A I B  
B 

12.2 11 B 
12.2 
15.1 
12.0 
10.0 
14.2 

A 
A 
B 
C 
A 

10.7 11 B 
A 
B 
B 
B 

11.7 11 B 
13.7 
10.7 
11.2 
15.9 
18.0 
17.9 
17.5 
16.4 
12.8 
12.2 1 11.2 

A 
C 
C 
A 
A 
A 

' A "  
B 
B 1 . c  

C 
C 
B 
B 
C 

Reject 
B 
C 
A 
C 
C 
C 
C 
B 
C 
C 
A 
A 
A 
A 
A 
C 
C 
C 

(a) A t  l eas t  90% of material a t  midlength center exceeds specified 
minimum strength, with 90% confidence. 

A t  l eas t  99% of material a t  midlength center exceeds specified 
minimum strength, with 95% confidence. 

(b) 

3th Category 
Based on 8 GA Tests 
90/90 I 99/95 
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TABLE B-6 
SUMMARY OF AXIAL STRENGTH DATA FOR EXTRUSION LOT 482 

Mean of 4 
(A/B Specs. ) 

GA Log 
Number 
(7194-) 

11 
15 
2 1  
22 
23 
25 
27 
32 
34 
35 
36 
41 
44 
45 
50 
60 
62 
71 
77 
81 
93 
95 
97 
99 

101 
102 
103 
106 

Mean of 8 
Specimens 

GLCC 

I Specimen 

19.0 
8.8 

13.6 
9.7 

14.2 
18.9 
8.7 

17.9 
11.1 
9.8 

16.2 
16.2 
7.9 

11.9 
9.7 
7.0 
7.2 

16.6 
15.4 
7.9 
6.3 

16.0 
16.2 
16.7 
14.9 
16.2 
7.7 

10.7 

Strength (MPa) 

14.8 
9.0 

15.6 
9.3 

12.5 
14 .4  
10.9 
13.5 
10.4 
8.7 
9.1 

13.1 
8.1 
9.4 
8.8 
9.2 
8.6 

11.8 
13.5 
8.8 
7.1 
9.5 

14.0 
12.1 
10.1 
10.2 
12.0 
11.5 

15.7 
9.9 

14.7 
9.6 

12.6 
14.0 
10.8 
13.9 
10.7 
8.7 

10.1 
13.9 
8.6 
9.4 
8.5 
8.7 
9.1 

11.5 
14.0 
5.4 
7.2 
9.9 

14.2 
12.2 
10.9 
11.5 
11 .4  
11.4 

Assigned Strength Category 

Based on 4 GA Tes ts  1 Based on 8 GA Tests  
90/90 

Conf. (a) 

A 
C 
A 
C 
B 
A 
C 
A 
C 
C 
C 
B 

Reject 
C 
C 
C 

Re j ec t  
B 
A 
C 

Reject 
C 
A 
B 

- c  
C 
B 
B 

I 

B 
Reject 

A 
Reject 

C 
B 
C 
B 

Reject 
Reject 
Reject 

C 
Re j ect 
Reject 
Re j ec t  
Reject 
Re j ec t  

C 
B 

Reject 
Reject 
Reject 

B 
C 

Reject 
Reject 

C 

c l  

A 
C 
A 
C 
B 
A 
C 
A 
C 
C 
C 
A 
C 
C 
C 
C 
C 
B 
A 
C 

Reject 
C 
A 
B 
C 
B 
B 
B 

99/95 
Conf. (b) 

A 
Re j e c t  

B 
Reject 

C 
B 
C 
B 
C 

Re j e c t  
Re j ec t  

B 
Re j e c t  
Re j ec t  
Reject 
Reject 
Reject 

C 
B 

Reject 
Re j ec t  
Reject 

B 
C 
C 
C 
C 
C 

(a) A t  least 90% of material a t  midlength-center exceeds spec i f ied  minimum s t rength ,  
with 90% confidence. 

A t  least 99% of mater ia l  a t  midlength-center exceeds spec i f ied  minimum s t rength ,  
with 95% confidence. 

@) 
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E STRENGTH MEASUREMENTS FOR EXTRUSION LOTS, 4 7 2 ,  478,  AND 482 



TABLE C-1 
RADIAL TENSILE STRENGTH MEASUREMENTS: EXTRUSION LOT 472  
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TABLE C-1 (Continued) 
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TABLE C-1 (Continued) 

S T O ,  D E V ,  

JTD. i X v .  



TABLE C-1 (Continued) 

S f U ,  D € V ,  

S T D ,  i>Ev,  
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TABLE C-2 
RADIAL TENSILE STRENGTH MEASUREMENTS: EXTRUSION LOT 478 

$10, D E V ,  

S T O ,  B E V ,  



TABLE C-2 (Continued) 

9 f 0 ,  D E V ,  

C - 6  



TABLE C-2 (Continued) 



D 6 D 0 D D D
 

D b D 
I
 

4
 
s D

 
D I 

I E
 

D
 

c e 6
 

D 8 D 0 D D 4
 0 D D
 D D 8 D D
 

D D D D D D D D D D D D D D D D D D B D I
 

I I 
I I
 

B D D I 
I D B D D B D D D D D D D D D D D D D D D D D D D D D I 
D D D D D 
D D D D D 
D

 D D D D D I 
D D D I 
D D D D D D D I 
D r I I 

D D 8 0 D D 0 D D D D e D D D 6 D D D D
 

8 s D D D D B D 
D D

 
D D D

 
D D

 
D D D

 
D D D D D 
D

 
D D

 D 
0
 

D
 0 D D D 

8 D
 

D D D D D 0 D D 

1 

D
 D
 

D D 
D

 
D

 
D

 
D a I 
B

 

D
 

e s D
 e D 

D D 

D D D
 D D
 D 

D
 

D 0 8 D 
D

m
 

@
I

 
D

u
 

D
 

D D D D
 

D B D D D D D D D D D 
D

 D 
D

 
D D 
D D 0 D

 
D

 
D

 

e 



c-9 
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c - IO  
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TABLE C-2 (Continued) 



18.0 
1 7 . 3  
1 9 . 4  
18 .3  

MEAN 
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TABLE C-3 
RADIAL TENSILE STRENGTH MEASUREMENTS: EXTRUSION LOT 482 

l ? , b  
17.3  
17.5 
15.6 



TABLE C-3 (Continued) 

M t  A N  



16.4 
r e ,  1 
1s12 
I 7 , Q  
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I 
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TABLE C-4 
SUMMARY OF RADIAL STRENGTH DATA FOR EXTRUSION LOT 472 

GA Log Number 
(7194-) 

16 

20 

26 

29 

40 

42 

46 

Strength 
(Mean of 4 Specimens) 

( m a )  

16.5 

1 7 . 1  

17.1 

15 .3  

15.6 

16 .9  

16.9 

;A Log Number 
(7 194-) 

~~ 

55 

75 

78 

84 

94 

96 

105 

Strength 
(Mean of 4 Specimens) 

( m a )  

16.3 

16.5 

16.1 

16.0 

17.4 

17.0 

14.9 

C-26 



TABLE C-5 
SUMMARY OF RADIAL STRENGTH DATA FOR EXTRUSION LOT 4 7 8  

GA Log Number 
(7194- 

12  
1 3  
1 4  
17  
1 8  
1 9  
24  
2 8  
30 
31 
33 
37  
38 
39  
4 3  
47  
4 8  
4 9  
5 1  
5 2  
53 
5 4  
56 
5 7  
58 
5 9  
61 
6 3  

Strength 
(Mean of 4 Specimens) 

( m a )  

1 7 . 1  
1 7 . 3  
1 7 . 1  
1 5 . 6  
1 4 . 5  
1 5 . 5  
14 .1  
1 6 . 3  
1 7 . 2  
1 6 . 9  
1 4 . 1  
1 5 . 6  
1 6 . 5  
1 7 . 7  
1 6 . 8  
1 6 . 1  
1 7 . 0  
1 6 . 5  
1 7 . 4  
1 6 . 2  
1 4 . 6  
1 6 . 9  
1 5 . 8  
1 6 . 7  
1 6 . 7  
1 4 . 2  
1 6 . 9  
1 6 . 3  

GA Log Number 
(7194- 

6 4  
6 5  
6 6  
67  
6 8  
6 9  
70 
72 
7 3  
7 4  
76 
7 9  
80 
8 2  
83 
85 
8 6  
8 7  
88 
8 9  
9 0  
91 
92 
98 

1 0 0  
1 0 4  
1 0 7  
1 0 8  

Strength 
(Mean of 4 Specimens) 

(ma) 

1 8 . 4  
1 7 . 6  
1 6 . 7  
1 8 . 3  
1 7 . 8  
1 7 . 1  
1 6 . 7  
1 6 . 4  
1 5 . 9  
1 3 . 5  
1 7 . 2  
1 5 . 2  
1 5 . 2  
1 6 . 3  
1 6 . 9  
1 5 . 9  
1 7 . 4  
1 4 . 0  
1 7 . 4  
1 5 . 9  
1 5 . 7  
1 4 . 3  
1 5 . 7  
1 6 . 2  
1 8 . 1  
1 7 . 0  
1 6 . 0  
1 6 . 8  
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TABLE C-6 
SUMMARY OF RADIAL STRENGTH DATA FOR EXTRUSION LOT 482 

GA Log Number 
(7194- 

11 
15 
21 
22 
23 
25 
27 
32 
34 
35 
36 
41 
44 
45 

S t r e n g t h  
(Mean of 4 Specimens) 

(ma) 

11.6 
13.9 
15.6 
17 .0  
13.2 
13.5 
14.4 
11.8 
17.3 
17.6 
11.9 
13.9 
16.0 
16.7 

GA Log Number 
(71 94- 

50  
60 
62 
71 
77 
81 
93 
95 
97 
99 

101 
102 
103 
106 

S t r e n g t h  
(Mean of 4 Specimens) 

(ma) 

15.5 
14.5 
15.6 
12.6 
14 .0  
15.1 
17 .0  
14.1 
12.5 
14.0 
11.5 
13.5 
14.0 
16.5 
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