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METALLURGY OF ZIRCALOY-2 PART I1 THE EPFECTS OF FABRICATION 
VARIABLES ON THE PREFERRED ORIENTATION AND ANISOTROPY 

OF STRAIN BEHAVIOR 

P. L. Rittenhouse and M. L. Picklesimer 

The prefer red  o r i e n t a t i o n  and anisotropy of  s t r a i n  behavior of Zircaloy-2 

were s tudied as funct ions of f a b r i c a t i o n  va r i ab le s .  An inverse-pole-figure 

technique was used f o r  t h e  prefer red  o r i e n t a t i o n  determinations.  Evaluation 

of t h e  e f f e c t s  of t h e  f a b r i c a t i o n  va r i ab le s  on t h e  anisotropy of s t r a i n  be- 

havior  was accomplished by a c o n t r a c t i l e  s t r a i n - a x i a l  s t r a i n  ana lys i s .  An 

a n a l y s i s  of s t r a i n  behavior i n  t h e  normal d i r e c t i o n  was developed on t h e  b a s i s  

of theory of  p l a s t i c  flow of an i so t rop ic  metals.  

simple i n t u i t i v e l y  de r ivab le  r e l a t i o n s h i p  e x i s t e d  between t h e  s t r a i n - s t r a i n  

ana lys i s  and the  prefer red  o r i e n t a t i o n  da ta .  Correlat ions o f  t h e  s t r a i n -  

s t r a i n  d a t a  with t r u e  s t r e s s - t r u e  s t r a i n  diagrams and mechanical p r o p e r t i e s  

were a l s o  attempted. 

It was a l s o  found t h a t  a 

The p r e f e r r e d  o r i e n t a t i o n  of Zircaloy-2 produced by the  Oak Ridge National 

Laboratory-Homogeneous Reactor P r o j e c t  (ORNL-HFP) Metallurgy f a b r i c a t i o n  

schedule ( ingo t  breakdown a t  l8OO-l9OO0F, major reduction a t  1800-1900"~ o r  

1350-145OoF, a h e a t  treatment of 30 min a t  1800-1850"~ followed by a water 

quench o r  r ap id  air cool t o  below 1200"F, a f i n a l  reduction of 2540% at  

1000°F, and a 30-min anneal a t  1400-1425"F) w a s  weak compared t o  t h a t  of most 

of t he  o the r  schedules invest igated.  Elimination of t he  p hea t  treatment 

(1800-1850'~ f o r  30 min) between the  major reduction and f i n a l  reduct ion s t e p s  

r e s u l t e d  i n  a m a t e r i a l  with a high degree of p r e f e r r e d  o r i e n t a t i o n  and with a 
s ta te  of pseudoisotropy i n  t h e  r o l l i n g  plane.  A unique and qui te  high degree 

o f  prefer red  o r i e n t a t i o n  w a s  a l s o  developed when t h e  ORNL-HRP Metallurgy 

f a b r i c a t i o n  procedure was used, b u t  t he  ingot  a x i s  w a s  i n  t h e  t r ansve r se  

r a t h e r  than the  r o l l i n g  d i r e c t i o n  of t he  f in i shed  p l a t e  permit t ing more con- 

t r a c t i l e  s t r a i n  t o  occur i n  t h e  normal d i r e c t i o n  than i n  e i t h e r  t h e  r c l l i n g  

o r  t ransverse d i r e c t i o n s .  The s t r a i n - s t r a i n  analyses of t hese  ma te r i a l s  were 

cons i s t en t  with t h e  conclusions reached by the  prefer red  o r i e n t a t i o n  analyses.  
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The e f f e c t s  of cross  r o l l i n g  on t he  anisotropy of s t r a i n  behavior of 

Zircaloy-2 were found t o  depend on the  t J p e  of c ross  r o l l i n g  (un id i r ec t iona l  

or r o t a t i o n a l ) ,  t h e  temperature of cross  ro l l i ng ,  and t h e  s tage  of f ab r i ca t ion  

a t  which t h e  c ross  r o l l i n g  w a s  done. Unidirect ional  c ross  r o l l i n g  a t  1000°F 

a f t e r  p heat  treatment caused only a s l i g h t  increase i n  anisotropy of s t r a i n  

behavior over t h a t  f o r  s t r a igh t - ro l l ed  material, b u t  r o t a t i o n a l  c ross  r o l l i n g  

a t  1000°F a f t e r  p heat  treatment r e su l t ed  i n  a material ~ t h  a s t a t e  of i s o t -  

ropy of s t r a i n  behavior only i n  the  r o l l i n g  plane.  Rota t iona l  c ross  r o l l i n g  

before  @ heat treatment,  f o r  one material a t  1450°F and f o r  another  from 

1900°F, produced d i f f e r e n t  s t a t e s  or degrees of anisotropy of s t r a i n  behavior.  

Because of flow cons t r a in t s  which e x i s t  i n  sheet-type t e n s i l e  specimens 

with width-to-thickness r a t i o s  > 1.0, it i s  imperative t h a t  round t e n s i l e  

specimens be used i n  the  con t r ac t i l e  s t r a i n - a x i a l  s t r a i n  ana lys i s .  Also, 

since t h e  p r i n c i p a l  axes of  anisotropy a r e  genera l ly  not t h e  major sheet 

d i rec t ions ,  t hey  must be  found by the  p re fe r r ed  o r i en ta t ion  ana lys i s .  

A number of problems f o r  f u r t h e r  i nves t iga t ion  were suggested from the 

r e s u l t s  of t h i s  study. Among these  a r e  t h e  study of t h e  an iso t ropy  and 

prefer red  o r i en ta t ion  of tube and rod products of Zircaloy-2 and an i n v e s t i -  

gat ion of t h e  e f f e c t s  of mu l t i ax ia l  loading on an i so t rop ic  behavior.  

IPiPTRODUCTION 

When a po lyc rys t a l l i ne  metal i s  p l a s t i c a l l y  deformed, t h e  o r i e n t a t i o n  of 

each ind iv idua l  g ra in  proceeds toward a p re fe r r ed  o r i en ta t ion  such t h a t  cer-  

t a i n  c rys ta l lographic  planes and axes a r e  a l igned  i n  a d i r ec t ion  r e l a t e d  

t o  the d i r e c t i o n  of p l a s t i c  f l o w  i n  t h e  m e t a l .  The nature  of the p re fe r r ed  

o r i en ta t ion  or t ex tu re  which r e s u l t s  from t h e  deformation i s  a funct ion of 

both the  c h a r a c t e r i s t i c s  of flow of t h e  ma te r i a l  and the degree of deforma- 

t i o n .  Textures which a r e  generated during deformation are not e l iminated by  

annealing, bu t  a r e  changed t o  o ther  t ex tu res  which a r e  r e l a t e d  t o  the  defor- 

mation t ex tu re .  

Although l i t t l e  work has been published on t h e  prefer red  o r i e n t a t i o n  

of Zircaloy-2, considerable information on zirconium i s  ava i l ab le .  The 

. 



cold-rol led sheet  t ex tu re  of zirconium has been reported by  a number of inves- 

t i g a t o r s .  The poles  of t he  b a s a l  planes have been found to be inc l ined  

36-40" from the  ncrmal d i r ec t ion  toward  t he  t ransverse  d i r ec t ion  and the  

<lOi0> d i rec t ions  have been found t o  be p a r a l l e l  t o  t he  r o l l i n g  d i r ec t ion .  

The annealing t ex tu re  reported f o r  ma te r i a l  annealed i n  the  temperature range 

925-1550"F shows the  same tilt of t h e  b a s a l  plane poles  but  with <11?0> 

d i rec t ions  about 10" from the  r o l l i n g  d i r ec t ion  and out of t he  r o l l i n g  plane.  

Cross r o l l i n g  a t  room temperature ( r o t a t i n g  t h e  material 90" a f t e r  each pass)  

produces a t ex tu re  i n  which the  poles  of the  b a s a l  planes a r e  perpendicular 

t o  the  r o l l i n g  plane, t he  <lOiO> d i rec t ions  a r e  p a r a l l e l  t o  one r o l l i n g  

d i rec t ion ,  and t h e  <11?!0> d i rec t ions  are p a r a l l e l  t o  t h e  o ther  r o l l i n g  d i r ec t ion .  

Annealing a t  1200°F produces a new o r i en ta t ion  related t o  t h e  a s - ro l l ed  t ex tu re  

by  a 30" r o t a t i o n  about t h e  e-axis,  thereby exchanging t h e  pos i t i ons  of t h e  

1-4 

3 

1 <lOiO> and <1120> d i rec t ions .  

No s tud ie s  of t he  deformation systems i n  Zircaloy-2 have been made, bu t  

t h e  deformation systems f o r  r e l a t i v e l y  high-puri ty  zirconium have been 

r e p o ~ t e d . ~  

Deformation twins having composition planes of { lOi2}, { llTl}, { 1122}, and 
(1123) were a l s o  found. 

chromium present  i n  Zircaloy-2 on the  a c t i v i t y  of these  systems i s  not known. 

It i s  probable t h a t  t he  same systems a re  operat ive.  

- -  
S l i p  has been observed only on the  system {lOiO} <1210>. 

The e f f e c t  of t he  oxygen, t i n ,  i ron,  nickel ,  and 

The p r a c t i c a l  importance of prefer red  o r i en ta t ion  i s  t h a t  it causes a 

va r i a t ion  of p rope r t i e s  with d i r ec t ion  i n  the  worked mater ia l .  

obvious when one considers t h a t  p l a s t i c  deformation i n  metals occurs by s l i p  

and twinning on s p e c i f i c  c rys ta l lographic  planes and i n  s p e c i f i c  d i r ec t ions .  

Therefore, when a prefer red  o r i en ta t ion  exis ts  i n  a mater ia l ,  defo-mation will 

be favored i n  some d i r ec t ions  and r e s t r i c t e d  i n  others ,  even i n  cubic metals 

which have a m u l t i p l i c i t y  of' s l i p  and twin systems. 

T h i s  i s  

h. K .  McGreary and B.  Lustman, Trans. M e t .  SOC. AIME 191, 994 (1951). -- - - .- 
R .  K .  McGreary and B.  Lustman, Trans. Met. S O ~ .  AIME 197, 284 (1953). 2 

'J. H. Keeler e t  a l . ,  Trans. Met. SOC. AIME 197, 932 (1953). 
- - - -- - 

-- - - _ _ - -  - 
J.  H .  Keeler and A .  H. Geis ler ,  Trans. Met. SOC. AIME 206, 80 (1955). 4 - - - -- - - 

'E. J .  Rapperport, Room Temperature Deformation Process - i n  Zirconium, 
NMI-1199 (Feb. 2h-, 1958)- 
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Noncubic materials have only a l i m i t e d  number of deformation systems ava i l ab le ,  

and t h e  importance of t h e  degree of p r e f e r r e d  o r i e n t a t i o n  of t hese  systems 

with r e spec t  t o  t h e  appl ied s t r e s s  system becomes even g rea t e r .  

The r e s u l t s  of an inves t iga t ion  of t h e  e f f e c t  of f a b r i c a t i o n  v a r i a b l e s  

on the  anisotropy of mechanical p r o p e r t i e s  of Zircaloy-2 have been published 

previously.  I n  t h e  study, t h e  v a r i a t i o n  of mechanical p r o p e r t i e s  ( t e n s i l e  

and y i e l d  s t r eng th ,  elongation, and reduct ion i n  area) i n  t h e  r o l l i n g  plane 

of  t he  p l a t e  was 

ing  and working temperatures, cross  r o l l i n g ,  e t c .  ). Details of t h e  f a b r i c a t i o n  

procedure f o r  each of t h e  experimentally f a b r i c a t e d  schedules of Zircaloy-2 

may be seen i n  Appendix I. 

6 

inves t iga t ed  as a funct ion of f a b r i c a t i o n  v a r i a b l e s  (anneal-  

Although t h e  mechanical property d a t a  obtained i n  t h e  study could, i n  

most cases, be c o r r e l a t e d  q u a l i t a t i v e l y  with t h e  f a b r i c a t i o n  va r i ab le s ,  a 

more c h a r a c t e r i s t i c  and d i s t i n c t i v e  quan t i ty  i s  needed t o  descr ibe t h e  state 

of anisotropy r e s u l t i n g  from each of t hese  va r i ab le s .  During the  mechanical 

property t e s t i n g  of irradiated and con t ro l  specimens of  Zircaloy-2 a t  O m ,  

it was not iced t h a t  t e n s i l e  specimens of c i r c u l a r  c ros s  sec t ion  d i d  no t  neck 

uniformly on t e s t i n g .  The f r a c t u r e  c ros s  sec t ions ,  i n  f a c t ,  se.emed t o  be 

e l l i p t i c a l  with t h e  e l l i p t i c i t y  varying from material t o  material and with 

t h e  o r i e n t a t i o n  o f  t h e  specimen a x i s  i n  t h e  p l a t e .  The degree of e l l i p t i c i t y  

as measured by t h e  r a t i o  of t h e  major t o  t h e  minor a x i s  of t h e  c ros s  sec t ion ,  

however, appeared constant  f o r  dup l i ca t e  specimens. It was bel ieved,  then, 

t h a t  t h e  shape of t h e  c ros s  sec t ion  was c h a r a c t e r i s t i c  of t h e  degree and type 

of p r e f e r r e d  o r i e n t a t i o n  i n  t h e  l o t  of material, and could be used as a 

measure of t h e  anisotropy of t h e  material. In  order  t o  determine whether o r  

not t he  c ros s  sec t ions  of  t h e  f r ac tu red  specimens were t r u l y  e l l i p t i c a l ,  

measurements of t h e  specimen diameters were made from f r a c t u r e  t o  t h e  shoulder 

a t  r o t a t i o n  i n t e r v a l s  of 5" from t h e  normal d i r e c t i o n  through 180". 

measurements were made using an o p t i c a l  comparator which was equipped with 

a specimen j i g  t o  allow 5" r o t a t i o n s  through 360" and accurate  measurement of 

t h e  la teral  displacement of t he  specimen. The major and minor axes of t h e  

specimen can be measured d i r e c t l y  by such a technique, b u t  c a l c u l a t i o n s  are 

A l l  

'P. L. Rittenhouse and M. L. Picklesimer,  Metallurgy of Zircaloy-2 P a r t  I -- 
The Ef fec t s  o f  Fabricat ion Variables on t h e  Anisotropy of  Mechanical P rope r t i e s ,  
ORNL-(O~~. , 1960). 
- -- - 



involved i n  the  determination of the  t r u e  dimensions when t h e  specimen i s  

ro ta ted  t o  angles  intermediate t o  0" (major axis) and 90" (minor a x i s ) .  

Although the  p a r a l l e l  l i g h t  beam from the  comparator s t r i k e s  t h e  specimen a t  

the  angle of ro t a t ion ,  8, t h i s  i s  not t he  angle  of t h e  tangent t o  t h e  po in t  

a t  which the  measurement i s  desired (see Fig.  1). 
of ro ta t ion ,  B, and the  dimension of t he  specimen a t  the  tangent po in t ,  

must be ca lcu la ted .  It i s  necessary f i rs t ,  t o  assume t h a t  t h e  c ross  sec t ions  

are e l l i p t i c a l  and then t o  compare t h e  ca lcu la ted  values  with those f o r  a 

t r u e  e l l i p s e  with i d e n t i c a l  major and minor axes .  Methods of ca l cu la t ion  of 

f3 and r a r e  presented i n  Appendix 11. 

Therefore, t h e  real  angle 

rf3' 

B 
Proof of the  e l l i p t i c i t y  of  t h e  cross  sec t ions  of the  f r ac tu red  t e n s i l e  

specimens may be seen i n  Figs .  2 and 3. The two inner  s o l i d  curves are t h e  

e l l i p s e s  ca lcu la ted  using the  major and minor axes of t h e  cross  sec t ions  a t  

the f r a c t u r e  and 0.0625 i n .  back from t h e  f r a c t u r e .  

determined by ca l cu la t ion  from t he  experimental measurements. 

examination of t h e  c ross  sec t ions  of specimens a l s o  showed t h a t  t hey  were 

t r u l y  e l l i p t i c a l  (Fig.  4 ) .  
The f i rs t  at tempts  a t  charac te r iza t ion  of t he  anisotropy of each material 

by  e l l i p t i c i t y  involved only t h e  r a t i o  of the major axis t o  t h e  minor axis a t  

the  f r a c t u r e .  This r a t i o ,  a t  best ,  y i e lds  a s m a l l  spread of values, so t h a t  

appreciable differences i n  r a t i o  occur only when the d i f fe rences  i n  anisotropy 

a r e  la rge .  

(both c o n t r a c t i l e  and axial)  reduct ion i n  area,  and combinations of t he  two 

versus d is tance  from t h e  f r a c t u r e  were of only l imi ted  value because of 

va r i a t ions  i n  t o t a l  s t r a i n ,  e spec ia l ly  when the f r a c t u r e  did not occur a t  t h e  

exact  cen ter  of t h e  gage sec t ion .  

The da ta  poin ts  are those 

Metallographic 

Various methods of analyzing t h e  da ta  based on p l o t s  of s t r a i n  

To f a c i l i t a t e  f u r t h e r  s t r a i n  analyses,  coordinate systems were adopted 

using each of t h e  major f ab r i ca t ion  d i r ec t ions  of t he  sheet  as coordinate 

d i r ec t ions .  The s t r a i n  r e l a t ionsh ips  were evaluated by using the  ro l l i ng ,  

t ransverse,  and normal d i r ec t ions  as reference axes x, y, and z and subscr ip t  

no ta t ion  f o r  t he  s t r a i n s ,  as shown i n  F ig .  5 .  I n  each case t h e  a x i a l  n a t u r a l  

t e n s i l e  s t r a i n  w a s  def ined 

'i j 

----- ------- 
__- -_ - - -___ ------- 7 as Fii, and the  c o n t r a c t i l e  na tu ra l  s t r a i n s  as 

- - 
and eik. It was found experimentally t h a t  t h e  con t r ac t i l e  s t r a i n s ,  over 

- Ao 
= an - 71n t h i s  repor t  all s t r a i n s  are n a t u r a l  ( t r u e )  s t r a i n s :  'i i A 
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UNCLASSIFIED 
ORNL-LR-DWG 49422 

\ 
o =  MAJOR AXIS OF E L L I P S E  

8 =  ANGLE OF ROTATION OF SPECIMEN 

b =  MINOR AXIS OF ELLIPSE 

p =  ANGLE OF TANGENT POINT 

5 = MEASURED RADIUS 

‘p = TRUE RADIUS AT p 

\\ 
Fig. 1. Dimensions Involved in the El l ipt ici ty Calculations. 
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UNCLASSlFl  ED 
ORNL-LR-DWG 49423 

\ 

LONG I TU D I N A L S P EC I M EN 
SCHEDULE 2 

0 CALCULATED DATA POINTS - TRUE ELLIPSE, MAJOR AND MINOR 

Fig. 2. Polar P lo t  of the Cross Sections o f  a Zircaloy-2 Longitudinal 
Tensile Specimen Tested a t  Room Temperature, Schedule 2. 
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UNC LASS1 Fl ED 
ORNL-LR-DWG 49424 

Fig. 3. Polar Plot of t he  Cross Sections o f  a Zircaloy-2 Longitudinal 
Tensile Specimen Tested a t  302OF. Schedule 3. 
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UNCLASS I FlED 
PHOTO 5 0 3 2 4  

(a) SCHEDULE 62 - 0, , '4 ,3/8 AND 92 in. FROM FRACTURE, 

(b) SCHEDULE 9 -  0, '/s ,3/8 AND 92 in. FROM FRACTURE. 

Fig. 4 Photographs of Zircaloy-2 Tensile Specimen Cross-Sections After 
Testing at Room Temperature. 



UNCLASSIFIED 
ORNL-LR-DWG 49425 

ROLLING DIRECTION TRANSVERSE DIRECTION 

Fig. 5. Reference Axes Notation. 

I 

P 
0 

I 

NORMAL DIRECTION 

I . . 
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l a rge  ranges of axial  t e n s i l e  s t r a i n ,  could be expressed as l i n e a r  funct ions 

of t h e  axial  s t r a i n ,  

- - 
= k  E ‘ij i j  ii 

- - 
= k  E ‘ik i k  ii and 

where k and k are t h e  slopes of a x i a l  s t r a i n - c o n t r a c t i l e  s t r a i n  p l o t s  

and are constant f o r  a given l o t  of material. Since t h e  volume of  t h e  

specimen remains constant during p l a s t i c  flow, 

i j  i k  

- - - 
Eii + E i j  + Eik = 0 

- 
Subs t i tu t ing  from Eqs . 1 and 2 f o r  Ei and cik 

- - - 
= -k. .E -k E ‘ii IJ  ii i k  i i  

(3 )  

(4) 

It has been shown experimentally (Appendix 111) t h a t  a f t e r  an axial  ten- 
- r y  

s i l e  s t r a i n  of E - 0.03 i s  reached, the values of k 

s t a n t  t o  f r a c t u r e .  

change during t h e  first small increments of p l a s t i c  s t r a i n ,  t h e  straight l i n e  

p l o t s  of 17.. I and 12. I versus Tii do not  always pass  through t h e  o r ig in .  

The i n t e r c e p t s  of the curves on t h e  axes are, however, general ly  less than 

f. 0.005 and always l e s s  than  k 0 .01  i n  value.  

and kik remain con- ii i j  
But, because of t h e  f a c t  t h a t  the values  of t h e  k ‘ s  do 

1.J ik 

Values f o r  k xy, kx,, kyx, and k can be determined experimentally from 
YZ 

f r ac tu red  t e n s i l e  specimens i n  the r o l l i n g  and t ransverse  d i r ec t ions .  

impossible t o  t e s t  a specimen from t h e  normal d i rec t ion ,  bu t  it has been 

shown previously that the  s t a t e  of  anisotropy i s  not  f u l l y  described with- 

out considerat ion of t h e  t e n s i l e  s t r a i n  p rope r t i e s  i n  the  normal d i r ec t ion .  

Therefore, it i s  not only des i rab le  but  necessary t o  obtain values of k 

and k 

l e a s t  t w o  r e l a t ionsh ips  between t h e  k values .  

ships  i s  given by  Eq.  5 .  
behavior developed by  H i l l  

It was 

6 

zx 
For ca lcu la t ion  of these  values,  it i s  necessary t o  e s t a b l i s h  a t  

ZY‘ 
The f i rs t  of these  r e l a t i o n -  

S t a r t i n g  with the  theory  of an iso t ropic  s t r a i n  
8 and converting t o  t h e  coordinate system used i n  

K. H i l l ,  “A Theory of t h e  Yielding and. P l a s t i c  Flow of Anisotropic 8 

Metals,” Proc. Roy. SOC., (London) - 1-93, Se r i e s  A, pp. 281-297 (194-8). --- - 
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t h i s  repor t ,  it i s  poss ib le  t o  show t h a t  (Appendix IV) 

k k k  
xy Y Z  zx 

k k  = 1  
kxz yx zy 

A simultaneous so lu t ion  of Eqs. 5 and 6 y i e lds  t h e  des i red  equation f o r  k 
ZX, 

k k  
- xz Yx 

k kxy kyz + kxz y x  kzx - - 

and, from Eq. 5, f o r  k 
=Y 

k = -(kZx + 1). 
ZY 

For an i s o t r o p i c  mater ia l ,  

- - 'i i 
i j  i k  2 

- 
E = E  = - -  

(7) 

(9) 

and k = kik = -0.5 (10) i j  
Such a r e l a t ionsh ip  would be the  l i m i t i n g  case f o r  Zircaloy-2, and, as 

it became more nea r ly  i so t rop ic ,  t he  values  of t h e  k ' s  would approach -0.5. 
Although, a t  t h e  time of development of t h i s  type of ana lys i s ,  it was 

be l ieved  t o  be unique, it was l a t e r  found t h a t  i nves t iga t ions  along s imi l a r  

l i n e s  had been performed a t  the  Universi ty  of Cal i fornia '  and a t  Case 

I n s t i t u t e  of Technology.l0 

aluminum and magnesium a l l o y s  and t h e  maximum a x i a l  t e n s i l e  s t r a i n s  were i n  
a l l  cases l e s s  than 0 .1 .  The an i so t rop ic  e f f e c t s  seen i n  these  s tud ie s  were 

not near ly  s o  l a rge  a s  those observed f o r  Zircaloy-2. 

analyses were presented.  

f i r s t  conducted on round t e n s i l e  specimens and t h e  f irst  present ing  an 

ana lys i s  of t h e  p rope r t i e s  i n  t h e  normal d i r e c t i o n .  

f r a c t u r e  of medium carbon steel,11 it was shown t h a t  t h e  r a t i o  of t h e  

c o n t r a c t i l e  s t r a i n  i n  t h e  thickness  d i r e c t i o n  t o  t h e  c o n t r a c t i l e  s t r a i n  i n  

the  width d i r e c t i o n  a t  f r a c t u r e  was a funct ion of t h e  width-to-thickness 

r a t i o  (W/T). 

The work was done on sheet-type specimens of 

No normal d i r e c t i o n  

It i s  bel ieved t h a t  t he  present  ana lys i s  i s  t h e  

I n  a study of t h e  e f f e c t s  of dimensional f a c t o r s  on t h e  y ie ld ing  and 

The r a t i o  of t he  s t r a i n s  was approximately u n i t y  f o r  specimens 

'T. H .  Hazlet t ,  A .  T .  Robinson, and J. E. Dorn, Trans. Am. -- SOC. Metals 
- j+2, 1326 (1950). - 

'OL. J. Kl ing le r  and G .  Sachs, - J. Aeronaut. Se i .  , p. 599 (Oct. ,  1938). 
"J. Miklowitz, -- J. Appl. Mech., p .  274 (Sept .  , 1948). 
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w i t h  square (W/T = 1) cross  sec t ions .  

r a t i o  m s  grea te r  than 1 . 5  and increased t o  about 2 .0  f o r  a r a t i o  of W/T = 10. 

The con t r ac t i l e  s t r a i n  i n  t h e  thickness  d i r ec t ions  remained e s s e n t i a l l y  con- 

s t a n t  (random v a r i a t i o n )  f o r  a l l  W/T r a t i o s ,  while t he  con t r ac t i l e  s t r a i n  i n  

the  width d i r ec t ion  decreased as the  r a t i o  of W/T increased.  

s t r a i n t  i s  imposed on the  c o n t r a c t i l e  s t r a i n  i n  t h e  width d i r ec t ion  f o r  a 

r a t i o  of W/T > 1, care must be  exercised i n  any s t r a i n  ana lys i s  of sheet- 

type specimens. 

A t  a r a t i o  of W/T = 3, t h e  s t r a i n  

Since a con- 

EXPERIMENTAL DETAILS AND PROCEDURES 

Prefer red  Orientat ion Determination 

The prefer red  o r i en ta t ion  o f  material from twelve of t h e  Zircaloy-2 

experimental f ab r i ca t ion  schedules was obtained by  u t i l i z i n g  t h e  inverse pole 

figure technique f i rs t  descr ibed by  Je t t e r  and Borie.12 

unique i n  that  complete quan t i t a t ive  pole f igu re  da ta  are obtained us ing  a 

s ingle  spher ica l  x-ray d i f f r a c t i o n  specimen. A descr ip t ion  of t h e  specimen, 

equipment, and experimental procedures may be found i n  the  paper by J e t t e r  

and Borie.  

The technique i s  

l.2 

The p re fe r r ed  o r i en ta t ion  da ta  are presented on axis d i s t r i b u t i o n  cha r t s  

termed "inverse pole  f igu res . "  I n  the  conventional method, t h e  o r i en ta t ion  

d i s t r i b u t i o n  of t h e  pole of a d i f f r a c t i n g  plane i s  p l o t t e d  with respect  t o  a 

reference axis; i n  t h e  inverse pole f igu re  method, t he  o r i en ta t ion  d i s t r i b u -  

t i o n  of a reference axis i s  p l o t t e d  with respect  t o  standard c rys ta l lographic  

axes. 13,14 

The i n t e n s i t y  da ta  for a l l  of t he  inverse pole figures were determined 

by  the X-Ray D i f f r ac t ion  Service Group of t h e  Metallurgy Division. 

l2L.  K.  J e t t e r  and B. S. Borie, Jr., ---- J. Appl. Phys. - 24(5), 532 (May, 
1953) - 

I3L.  K .  J e t t e r ,  C .  J. McHargue, and R .  0. W i l l i a m s ,  J .  Appl. Phys. 27(4),  

C .  J. McHargue and L. K .  Je t te r ,  Met. Div. Ann. Prog. Rep., Sept .  1, 14 

---_ - 
368 (April ,  1956). 

- 1959, ORm-2839, P. 3. 
- - - - - ___ - 
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Stra in-St ra in  Analysis 

The measurement of t he  e l l i p t i c i t y  and c o n t r a c t i l e  s t r a i n s  f o r  a l l  of 
the t e n s i l e  specimens was accomplished using a Jones and Lamson o p t i c a l  com- 

pa ra to r  a t  a magnification of 5OX. 

r o t a t i o n  of t h e  specimen through 360" i n  5" increments and t o  permit accura te  

measurement ( 2  0.0005 i n . )  of t h e  lateral  movement of t h e  c ross  sec t ion  be ing  

examined from shoulder t o  f r a c t u r e .  The j i g  a l s o  provided f o r  t h e  alignment 

of t he  reference notch, always cut  before  machining on the end of the g r i p  

sec t ion  of t he  specimen, i n  t h e  d i r ec t ion  normal t o  t h e  plane of t h e  p l a t e .  

A specimen j i g  was constructed t o  a l low 

Measurement of t h e  dimensions of t he  f r a c t u r e d  specimens a t  t h e  f r a c -  

t u r e  po in t  i s  complicated b y  the d i s t o r t i o n  which e x i s t s  i n  t h a t  po r t ion  of 

t h e  necked region. 

t he  poin t  just behind the  f r a c t u r e  flare, i s  subjec t  t o  e r r o r s  i n  t h e  judg- 

ment of  t he  operator  and may be, i n  some case, as much as 0.002 i n .  i n  

e r r o r  along the t e n s i l e  a x i s .  For t he  most pa r t ,  it i s  be l ieved  that the  

measurements of cross-sect ion pos i t i on  between shoulder and f r a c t u r e  were 

accurate  t o  b e t t e r  than 0.001 i n .  Because of t h e  l a rge  number of specimens 

on which measurements were desired,  t h e  major i ty  of t h e  specimens were 

measured only a t  0, 45, 90, 135, and 180" r o t a t i o n s  from t h e  normal d i rec-  

t i o n  a t  each cross -sec t ion  pos i t i on .  

a t  t he  f r ac tu re ,  0.0625 i n .  from t h e  f r ac tu re ,  and a t  0 . l25-in.  increments 

from the  fracture-plus-0.0625 i n .  t o  t h e  shoulder. 

The se l ec t ion  of the poin t  of measurement a t  f r ac tu re ,  

I n  every case measurements were taken 

The c o n t r a c t i l e  and ax ia l  n a t u r a l  s t ra ins  a t  any axial  poin t  of measure- 

ment are ca lcu la ted  as follows: 

u i j  
E = I n -  i j  D 

- Dik 
E =In- 

- 

0 

Do i k  

or 
- AO 
E = I n -  ii A 
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where D = "d.ianieter" i n  j '  d . i rect ion of specimen cross  sec t ion  a f t e r  

t e s t i n g  
i j  

= "diameter" i n  ' k '  d i r ec t ion  of specimen cross  sec t ion  a f t e r  Dik 
t e s t i n g  

D = o r i g i n a l  diameter of specimen 

A = o r i g i n a l  c ross -sec t iona l  a r ea  of specimen 

A = cross-sec t iona l  area a f te r  t e s t i n g  

0 

0 

A =  ab (15) 
where 'a' = major axis of t h e  e l l i p s e  of c ross  sec t ion  

'b' = minor axis of t h e  e l l i p s e  of cross  sec t ion  

The majori ty  of t he  ca lcu la t ions ,  both f o r  t h e  proof of e l l i p t i c i t y  and 

f o r  computing t h e  n a t u r a l  s t r a i n s ,  were performed by  the  ORNL computing 

machine, t h e  ORACLE. 

RFSULTS 

The inverse pole f igu res  determined f o r  twelve of t he  schedules of 

Zircaloy-2 a r e  presented i n  Figs .  7-18. 
ro l l i ng ,  t ransverse,  and normal-  were taken as t h e  reference axes, and 

t h e i r  d i s t r i b u t i o n s  a r e  p l o t t e d  with respect  t o  c rys ta l lographic  axes .  The 

o r i en ta t ions  of a number of c rys ta l lographic  planes with respect  t o  t h e  

close-packed hexagonal u n i t  c e l l  a r e  presented i n  Fig.  6 .  
were those genera l ly  used i n  t h e  determination of t he  prefer red  o r i en ta t ion .  

The p r i n c i p a l  sheet d i r ec t ions  - 

The planes shown 

St ra in - s t r a in  p l o t s  f o r  a l l  of t he  Zircaloy-2 f ab r i ca t ion  schedules 

(room temperature tes ts)  a r e  shown. 

p l o t t e d  on t h e  abscissa ,  and t h e  absolute  values of t he  na tu ra l  c o n t r a c t i l e  

s t r a i n s  a re  p lo t t ed  on t h e  ord ina te .  The s lopes of t he  a x i a l  versus  the  

c o n t r a c t i l e  s t r a i n  curves a r e  t h e  absolute  values  of t h e  assoc ia ted  k's. 

p l o t s  of t he  values  of t h e  k's versus o r i en ta t ion  of t he  specimen a x i s  f o r  

twelve of t h e  experimental schedules of Zircaloy-2 are also presented. Data 

from a few of t h e  elevated-temperature t e s t s  are presented i n  t h e  t e x t ;  t he  

remainder are presented i n  Appendix V I .  

Natural  ( t r u e )  ax ia l  t e n s i l e  s t ra ins  a r e  
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Fig. 6. The Orientation of a Number of Crystallographic Planes with 
Respect to the Close-Packed-Hexagonal Unit Cell. 
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Fig. 7. Inverse Pole Figures for Schedule 62 Zircoloy-2. 
Schedule 62: HRP Commercial Fabrication Procedure. 
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Fig. 8. Inverse Pole Figures for Schedule J Zircaloy-2. 
Schedule J: HRP Commercial Fabrication Procedure for Wide Plate. 
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Fig. 9. Inverse Pole Figures for Schedule 40 Zircaloy-2. 
Schedule 10: Cross-Rolled after p Heat-Treatment. 
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Fig. 10. Inverse Pole Figures for Schedule 8 Zircoloy-2. 
Schedule 8: a Worked, 70 Percent Low a .  

. 
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Fig. i f .  Inverse Pole Figures for Schedule 9 Zircaloy 2. 
Schedule 9 :  a Worked, 50 Percent Low a .  
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Fig. 12. Inverse Pole Figures for Schedule 1 Zircaloy-2. 
Schedule I :  Two Intermediate p Heat-Treatments, Air Cooled. 
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Fig. 13. Inverse Pole Figures for Schedule 3 Zircaloy-2. 
Schedule 3: One Intermediate Heat-Treatment. 
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ROLLING DIRECTION 

Fig. 14. Inverse Pole Figures for Schedule 2 Zircaloy-2 
Schedule 2: Two Intermediate p Heat-Treatments, Water Quenched. 
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Fig. 15. Inverse Pole Figures for Schedule 4 Zircaloy-2. 
Schedule 4: p Reduction Plus 25 Percent Low a Reduction. 
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Fig. 16. Inverse Pole Figures for Schedule 5 Zircaloy-2. 
Schedule 5: f l  Reduction Plus 50 Percent Low Q Reduction. 
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Fig. 17. Inverse Pole Figures for Schedule 6 Zircaloy-2. 
Schedule 6: p Reduction Plus 70 Percent Low a Reduction. 
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Fig. 18. Inverse Pole Figures for Schedule 7 Zircaloy-2. 
Schedule 7: p Reduction Plus High a Reduction. 
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DISCUSSION OF RESULTS 

Preferred Orientat ion 

General Features  of t h e  Inverse Pole Figures.  Examination of t h e  

inverse pole f i g u r e s  presented i n  Figs .  7-18 showed t h a t  the  d i s t r i b u t i o n s  

of t he  reference axes - t he  ro l l i ng ,  t ransverse,  and normal d i r ec t ions  - 
with respec t  t o  the  c rys ta l lographic  axes, although not without exception, 

followed a r a t h e r  cons is ten t  p a t t e r n  through a l l  f ab r i ca t ion  schedules. The 

d e n s i t i e s  of t he  r o l l i n g  d i r ec t ion  reference axes were genera l ly  a maximum 

a t  the  poles  of t h e  {hkiO} planes,  and i n  every case zero a t  the  poles  of t h e  

(0001) planes,  so t h a t  the b a s a l  planes (0001) tended, i n  a l l  cases, t o  con- 

t a i n  t h e  r o l l i n g  d i r ec t ion .  The b a s a l  planes,  depending on t h e  f ab r i ca t ion  

procedure, were found perpendicular t o  the  normal d i rec t ion ,  perpendicular 

t o  the t ransverse  d i r ec t ion ,  o r  d i s t r i b u t e d  between both.  Although the re  i s  
a s i m i l a r i t y  i n  form of t h e  inverse pole f i g u r e s  f o r  a l l  of the  schedules of 

Zircaloy-2, considerable d i f fe rences  i n  axis dens i ty  and exact pos i t i on  

ex is t .  The axis dens i ty  i s  represented as R, where R i s  equal  t o  

' I n t e n s i t y '  /'Random I n t e n s i t y '  . 
dens i ty  has a uniform i n t e n s i t y  of R = 1 .0 .  

cen t ra t ion  of axes a t  that point ;  values  of R < 1 . 0  show avoidance or  below 

random dens i ty  of reference axes. 

For a randomly or ien ted  material t he  axis 

Values of R > 1 . 0  show a con- 

Effec t  of Cross Rol l ing on the  Prefer red  Orientat ion of Zircaloy-2. 

Schedules 10, J, and 62 serve t o  show the e f f e c t s  of cross  r o l l i n g  on t h e  

p re fe r r ed  o r i en ta t ions  which were developed. 

Schedule 62 Zircaloy-2 ( 1 8 3 2 " ~  f3 breakdown, 1450°F a reduction, 1832O~ f3 
anneal, 1000°F 25% f i n a l  a: reduction, 1425°F Q: anneal, commercially f a b r i -  

ca ted) ,  F ig .  7, showed low dens i ty  - bu t  g rea t e r  than random - concentra- 

t i o n s  of b a s a l  po les  which l i e  a t  5" from the  normal d i r ec t ion  and i n  a 

spread of from 5 t o  30" about t h e  t ransverse  d i r ec t ion .  The b a s a l  pole 

peak near t he  normal d i r ec t ion  w a s  f a i r l y  sharp and of moderately high 

dens i ty  ( th ree  times random, R = 3.O), while that  near t he  t ransverse  

d i r ec t ion  was broad and only about twice random. 

the maximum dens i ty  occurred within a few degrees of t he  poles of  t h e  

{ll~O} planes so t h a t  t h e  major concentration of planes of t h e  {hkiO} zone 

w e r e  a t  a n  angle s l i g h t l y  g rea t e r  o r  less than 90" t o  t h e  r o l l i n g  d i r ec t ion .  

The inverse pole figures f o r  

For t h e  r o l l i n g  d i rec t ion ,  
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For Schedule J Zircaloy-2, t he  poles  of t h e  b a s a l  planes were concentrated 

almost e n t i r e l y  i n  the  t ransverse  d i r ec t ion  (see Fig.  8 ) .  
ma te r i a l  was fab r i ca t ed  i n  a manner i d e n t i c a l  t o  Schedule 62 material  except 

t h a t ,  a f t e r  an  i n i t i a l  lengthening, t he  ingot  was turned and r o l l e d  with the 

ingot a x i s  i n  the  t ransverse  d i r ec t ion .  The poles  most prevalent  (but  s t i l l  
only approximately two times t h a t  of random in t ens i ty ,  R 

d i r ec t ion  were those of t h e  prism planes, (10iO). The most p re fe r r ed  pos i t i on  

of t he  r o l l i n g  d i r ec t ion  reference axis f o r  Schedule J Zircaloy-2 vas, as f o r  

Schedule 62, a f e w  degrees from the  poles  of t he  (11FO) planes.  

e f f e c t  of r o l l i n g  with t h e  ingot a x i s  i n  t h e  t ransverse  d i r e c t i o n  a f te r  

p a r t i a l  breakdown along the  ingot  axis and before  @ heat  treatment (1825- 
1850"~ p anneal)  was t o  move the  poles  of t h e  b a s a l  planes from an  almost 

equal d i s t r i b u t i o n  i n  both t h e  normal and t ransverse  d i r ec t ions  t o  a high 

dens i ty  i n  only t h e  t ransverse  d i r ec t ion .  

Schedule 5 

2 )  i n  the normal 

Thus, the 

Schedule 10 material (as Schedule 62 except t h a t  t h e  f i n a l  30% reduc- 

t i o n  was un id i r ec t iona l  r o l l i n g  perpendicular t o  the  major r o l l i n g  d i r e c t i o n )  

showed the  e f f e c t  of c ross  r o l l i n g  a f t e r  t h e  @ heat  t reatment .  

percentage of t he  normal d i r ec t ion  reference axes were concentrated within 

30" of the  pole  of t h e  b a s a l  plane, with a m a x i m u m  dens i ty  a t  about 10".  

The inverse pole f igu res  f o r  t he  t ransverse  and r o l l i n g  d i r ec t ions ,  Fig.  9, 
a r e  qu i t e  similar. A grea te r  degree of prefer red  o r i e n t a t i o n  is ,  however, 

ind ica ted  f o r  t h e  r o l l i n g  d i r ec t ion .  

r o l l i n g  and t ransverse  d i r ec t ion  reference axis may be considered as t h e  

e n t i r e  spectrum of t h e  poles  of planes of t he  {hkiO} zone. 

major e f f e c t  of t he  c ross  r o l l i n g  a f t e r  t h e  @ heat  treatment was t o  move 

t h e  pole o f  t h e  b a s a l  plane out of t he  t ransverse  d i r ec t ion .  

The g r e a t e s t  

The p re fe r r ed  pos i t i ons  of  both t h e  

Therefore, t he  

Effec t  of All cx Phase Reduction on t h e  Prefer red  Or ien ta t ion  of 

Zircaloy-2. 

f i gu res  f o r  Schedules 8 and 9 (f3 breakdown, 1475°F major reduction, 1475°F 
anneal, 1000°F f i n a l  reduction - 70 and 50$, respect ively,  f o r  Schedules 8 
and 9, 1425°F anneal) ,  F igs .  10 and 11. The inverse pole  f i g u r e s  f o r  both 

mater ia l s  a r e  qu i t e  similar. I n  both cases, t he re  was a very high concen- 

t r a t i o n  of t h e  normal d i r ec t ion  reference axes close t o  t h e  pole  of t h e  b a s a l  

plane.  

per fec ted  t ex tu re  than did Schedule 8 with 7% f i n a l  reduct ion.  

ancy could, however, have r e su l t ed  from a s l i g h t  misalignment of t h e  

The e f f e c t  of all a working may be  seen i n  t h e  inverse pole 

Oddly, Schedule 9, with 50% f i n a l  reduction, had a s l i g h t l y  more 

This discrep-  
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reference axes of t h e  specimen o r  from l o c a l  va r i a t ions  i n  t e x t u r e  i n  the  

p l a t e .  For both ma te r i a l s ,  t h e  most p r e f e r r e d  p o s i t i o n s  of t h e  r o l l i n g  and 

t r ansve r se  d i r e c t i o n  reference axes were evenly d i s t r i b u t e d  among the  po le s  

of t h e  {hkiO} planes.  From t h e  inverse pole  f i g u r e s  o f  t hese  materials, it 
can be seen t h a t  a s t a t e  o f  pseudoisotropy e x i s t e d  i n  the  rolling plane. 

Therefore, t h e  p r o p e r t i e s  i n  a l l  d i r e c t i o n s  i n  t h e  plane of t h e  p l a t e  should 

be approximately t h e  same. Hence, i f  only t h e  

ordinary mechanical t e s t i n g  procedures and d a t a  were taken as a measure of 

anisotropy, it would probably be concluded t h a t  t hese  materials were com- 

p l e t e l y  i s o t r o p i c .  The value, then, of t h e  p r e f e r r e d  o r i e n t a t i o n  determi- 

nat ion and the  s t r a i n - s t r a i n  a n a l y s i s  for t h e  i n t e r p r e t a t i o n  of t h e  s t a t e  

of anisotropy i s  e a s i l y  demonstrated. 

This was found t o  be t r u e .  l5 

E f f e c t  of t h e  Number of  @ Heat Treatments on t h e  P re fe r r ed  Orienta- 

t i o n  of Zircaloy-2. An i l l u s t r a t i o n  of t h e  e f f e c t s  of t he  number of /3 h e a t  

t reatments  on the  p r e f e r r e d  o r i e n t a t i o n  of Zircaloy-2 may be seen by a com- 

par i son  of t h e  inverse p o l e  f i g u r e s  of Schedules 1 and 3, Figs.  12 and 13. 
For Schedule 1 mate r i a l ,  CY, (1000°F) working was done at  t h r e e  d i f f e r e n t  

t i m e s  dur ing f a b r i c a t i o n .  Each working per iod was preceded by a p h e a t  

treatment,  and t h e  e f f e c t  sought was t h a t  produced by t h e  two intermediate 

B h e a t  treatments i n  comparison t o  t h e  s ing le  intermediate @ h e a t  treatment 

received by Schedule 3 Zircaloy-2. Both of t h e  materials were reduced 25% 

after t h e  f i n a l  f3 hea t  treatment.  The degree of prefer red  o r i e n t a t i o n  was 

no t  l a r g e  f o r  t h e  material of Schedule 1, t h e  maximum value of t h e  R ' s  f o r  

a l l  of t h e  reference axes being less than 2.5. The t ransverse d i r e c t i o n  

t e x t u r e  was no t  far from random except f o r  two pos i t i ons ,  one a t  t h e  p o l e  of 

t h e  basal plane and t h e  o the r  at  t h e  po le s  of  t h e  (1120) planes.  

a lso a s m a l l  concentration of normal d i r e c t i o n  reference axes about t h e  pole  

of t h e  basal plane with R = 2.1. The maximum f o r  t h e  r o l l i n g  d i r e c t i o n  

reference axis was i n  t h e  zone of t h e  {hkiO} family, about 10" from the  

prism plane.  

one (Schedule 3 ) ,  t h e  normal d i r e c t i o n  axis was s h i f t e d  t o  t h e  pole  of 

t h e  basal plane with a maximum value of R = 4.0 and the  t ransverse d i -  

r e c t i o n  reference axes became even more randomly or iented.  The degree of 

There w a s  

By reducing t h e  number o f  intermediate @ hea t  treatments t o  

I5P. L. Rittenhouse and M. L. Picklesimer, Metallurgy of Zircaloy-2 
P a r t  I 
Mechanical P r o p e r t i e s ,  Om-2944 (Oct., 1960): - The E f f e c t s  of Fabr ica t ion  Variables  on t h e  Anisotropy - of -- - 
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prefer red  o r i en ta t ion  i n  t h e  r o l l i n g  d i r e c t i o n  was increased, t h e  m a x i m u m  

concentrat ion of t h e  r o l l i n g  d i r e c t i o n  reference axes occurr ing a t  t h e  poles  

of t h e  (2130) p lanes .  

heat  treatment was t o  decrease t h e  degree of p re fe r r ed  o r i en ta t ion ,  as 
would be expected, and t o  cause a spread of t he  poles  of  t h e  b a s a l  planes 

from the  normal d i r e c t i o n  toward the  t ransverse  d i r e c t i o n .  

Thus, t h e  e f f e c t  of t w o  versus  one intermediate  f3 

Effec t  of Cooling Rate from p Heat Treatment on t h e  Prefer red  

Orientat ion of Zircaloy-2.  The inverse pole f igu res  f o r  Schedule 2 

Zircaloy-2 (as Schedule 1 except t h a t  t h e  m a t e r i a l  was water quenched from 

the  p heat  t reatment  temperature r a t h e r  than  a i r  cooled),  Fig.  14, show a 

t ex tu re  which i s  similar t o  t h a t  f o r  Schedule 3 except t h a t  t h e r e  i s  a com- 

p l e t e  absence of  po les  of t h e  b a s a l  plane i n  t h e  t ransverse  d i r e c t i o n  and a 

lower degree of p re fe r r ed  o r i en ta t ion  ove r -a l l .  Although t h e  d i f fe rences  i n  

t e x t u r e  between Schedules 1 and 2 cannot be explained, they  do account f o r  

t h e  d i f fe rences  found i n  t h e  mechanical proper t ies15  and i n  t h e  s t r a i n  

values .  

E f fec t  of F i n a l  Percent Reduction on t h e  Prefer red  Orientat ion of 

Zircaloy-2. The e f f e c t  of  f i n a l  percent  reduct ion a t  1000°F on t h e  pre-  

f e r r e d  o r i e n t a t i o n  t e x t u r e  i s  shown by t h e  inverse  pole  f i g u r e s  f o r  

Schedules 4, 5, and 6 (F igs .  15, 16, and 17), which had 25, 50, and 7% 
f i n a l  reduction, respec t ive ly ,  a f t e r  a f3 heat  t reatment .  The t ransverse  

d i r e c t i o n  f o r  Schedule 4 was almost i s o t r o p i c .  One peak of R = 1.5 d id  

occur a t  t h e  poles  of t h e  (2130) planes .  With 5% f i n a l  reduction, t h e  

t ransverse  d i r e c t i o n  peak occurred a t  t h e  pole  of t h e  basal plane, and f o r  

7% f i n a l  reduct ion t h e  peak moved back i n t o  t h e  zone of t h e  { h k i O }  family, 

about equid is tan t  between t h e  prism plane and t h e  (2130). This progression 

does not seem log ica l ,  t he  anomaly being t h e  pos i t i on  of  t h e  t ransverse  

d i r ec t ion  maximum. 

t e n t ,  so t h a t  inverse  pole f i g u r e s  f o r  Schedule 5 must be considered 

suspect .  Lesser incons is tenc ies  between t h e  inverse pole f i g u r e s  f o r  t h e  

r o l l i n g  and t ransverse  d i r ec t ions  a l s o  e x i s t .  Also, worthy of note i s  t h e  

s t r i k i n g  s i m i l a r i t y  between the  inverse pole f i g u r e s  f o r  Schedules 5 and 7 
(F igs .  16 and 18). 
Zircaloy-2 was as f o r  Schedule 6 except t h a t  t h e  f i n a l  70% reduct ion was 

a t  1450'F r a t h e r  than a t  1000°F.) 

All of t h e  inverse pole f i g u r e s  a r e  i n t e r n a l l y  consis-  

(The f ab r i ca t ion  procedure f o r  t he  Schedule 7 

The inverse pole f i g u r e s  f o r  Schedule 7, 
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not those f o r  Schedule 6, a r e  those which might be expected t o  be produced 

upon f u r t h e r  working of Schedule 5 ma te r i a l .  Thus, t h e  pole f i g u r e s  f o r  

Schedule 5 ma te r i a l  a r e  incons i s t en t  with t h e  progression of percent  

r e  duct i on. 

E f fec t  of QI Phase Working Temperature on t h e  Prefer red  Orientat ion 

of Zircaloy-2. 

7, Figs. 17 and 18, shows t h e  e f f e c t  on t h e  p re fe r r ed  o r i en ta t ion  of t h e  

temperature of a reduct ion a f t e r  p heat  t reatment .  A s p l i t t i n g  of t h e  

p re fe r r ed  pos i t i ons  of t h e  t ransverse  and normal d i r e c t i o n s  about t h e  poles  

of t h e  b a s a l  plane was ef fec ted  by t h e  higher  working temperature (1450 vs 

SOOO°F) .  

d i r e c t i o n  axis wits higher  i n  t h e  zone of t h e  {mil} planes f o r  Schedule 6 
than f o r  Schedule 7. The d e n s i t i e s  and pos i t i ons  of t h e  r o l l i n g  d i r e c t i o n  

reference axes a r e  s i m i l a r  f o r  t h e  two schedules: a value of R = 3.5 about 

5" from t h e  pole  of t h e  {11?0} plane and 6" from t h e  pole of  t he  (2130) 

plane f o r  Schedule 6, and a value of R = 3.5 about 10" from t h e  pole  of 

t h e  {lOiO} plane and 9" from t h e  pole of t h e  (2130) plane f o r  Schedule 7. 

Comparison of t h e  inverse pole  f i g u r e s  f o r  Schedules 6 and 

Similar ly ,  as it should have been, t h e  i n t e n s i t y  of t he  t ransverse  

Inverse pole f i g u r e s  f o r  t h e  o the r  e igh t  schedules were not de t e r -  

mined because of time and manpower l i m i t a t i o n s .  

shown l a t e r ) ,  however, to pred ic t  t h e  major f e a t u r e s  of t h e i r  p re fe r r ed  

o r i e n t a t i o n  by a c o r r e l a t i o n  of t h e  s t r a i n - s t r a i n  analyses  with t h e  inverse 

pole f i g u r e s  determined f o r  t h e  twelve schedules. 

It i s  poss ib le  (as will be 

S t r a in -  S t r a i n  Analysis 

I n t e r p r e t a t i o n .  The s t r a i n - s t r a i n  ana lys i s ,  a method devised t o  a l low 

use fu l  i n t e r p r e t a t i o n  of t h e  e f f e c t s  of f ab r i ca t ion  va r i ab le s  on anisotropy, 

i s  probably of more i n t r i n s i c  value than the  preferred o r i en ta t ion  ana lys i s .  

The methods a re ,  however, complimentary and of more value when used con- 

junc t ive ly  t o  evaluate  t h e  f a c t o r s  a f f e c t i n g  anisotropy.  A discussion of 

t h e  s t r a i n - s t r a i n  ( k )  ana lys i s  has been presented e a r l i e r  i n  t h i s  r epor t .  

Br ie f ly ,  it has been found t h a t ,  f o r  Zircaloy-2, t h e  n a t u r a l  c o n t r a c t i l e  

s t r a i n s  occurring a t  any point  along the  gage length  of any p a r t i c u l a r  

round t e n s i l e  specimen may be expressed a s  a constant f r a c t i o n  of t he  

a x i a l  n a t u r a l  t e n s i l e  s t r a i n .  The deviat ion of t he  values  of t h e  f r a c t i o n s  

or k values  from the  case f o r  i s o t r o p i c  ma te r i a l s  (k 

then, be used a s  a measure of anisotropy.  

- 
i j  - k i k  = -0.5) may, 
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St ra in -S t r a in  Analysis of Zircaloy-2 Produced by  Standard ORNL-RXP 

Metallurgy Fabr ica t ion  Schedule. 

cated by t h e  s tandard ORNL-HRP Metallurgy f a b r i c a t i o n  procedure (Schedules 

11, 12, and 62) a r e  presented i n  Figs .  19, 20, and 21. 

of t h e  c o n t r a c t i l e  s t r a i n s  were p l o t t e d  so t h a t  negative numbers could be 

eliminated from t h e  discussion.  ) The f ab r i ca t ion  procedure f o r  t h e  th ree  

schedules mentioned above consis ted of ingot  breakdown i n  t h e  @ f i e l d  

( 1900°F), high a (1450°F) major reduction, a one-half-hour f? heat  t reatment  

followed by an a i r  quench, 2 5 4 0 %  f i n a l  reduct ion a t  1000°F, and a one-half- 

hour anneal a t  1425°F. 

ingot  ( ingot  axis i n  t h e  r o l l i n g  d i r e c t i o n ) ,  and Schedules 11 and 12 from 

s l i c e s  of a 1000-lb ingot  ( ingot  axis i n  t h e  normal d i r e c t i o n ) .  

longi tudina l  specimen of Schedule 62 ma te r i a l  was t e s t e d  a t  room temperature, 

0.586 times the  n a t u r a l  a x i a l  t e n s i l e  s t r a i n ,  E 

i n  t h e  z or normal d i r ec t ion ,  

measured value of k was 0.689 and t h e  value of kZx ca l cu la t ed  from Eq. 7 
(p .  12)  was 0.611. 

approached t h a t  f o r  an i s o t r o p i c  mater ia l ,  bu t  t h e  devia t ion  from i so t ropy  

became l a r g e r  f o r  specimens whose t e n s i l e  axes would have been i n  t h e  normal 

or t ransverse  d i r ec t ions .  The k values  f o r  Schedule 12 Zircaloy-2 (40% 

f i n a l  reduct ion)  were found t o  be e s s e n t i a l l y  t h e  same a s  those f o r  

Schedule 62, while those f o r  Schedule 11 m a t e r i a l  (25% f i n a l  reduct ion)  

were s l i g h t l y  c l o s e r  t o  those f o r  an i s o t r o p i c  ma te r i a l .  

s i s t e n t  with an increase  i n  anisotropy or per fec t ion  of t ex tu re  with an 

increase i n  t h e  percentage f i n a l  reduct ion.  I n  order t o  f a c i l i t a t e  t h e  

discussion, t he  k values  f o r  a l l  of t he  schedules a r e  presented i n  Table I. 

S t r a i n - s t r a i n  p l o t s  f o r  Zircaloy-2 fabri- 

(The absolu te  values  

Schedule 62 ma te r i a l  was fab r i ca t ed  from a 1000-lb 

When a 

- 
t h e  n a t u r a l  c o n t r a c t i l e  s t r a i n  i n  t h e  y or t ransverse  d i r ec t ion ,  E xy' wits - 

(k = 0.586); while t h a t  - a' XY 
€XZ' 

was 0.414 Gn, (kxz = 0.414).  The 

Yx 
Thus, f o r  longi tudina l  specimens, t h e  s t r a i n  behavior 

This i s  con- 

Ef fec t  of Cross Roll ing During F ina l  Reduction on the  Anisotropy of 

S t r a i n  Behavior of Zircaloy-2.  

t i o n a l  and 90" r o t a t i o n  (work piece turned 90" a f t e r  each pass ) ,  a f t e r  f3 heat  

treatment,  may be seen by comparison of t h e  k ' s  f o r  Schedules 62 and 10 and 

Schedules 11 and 13. Unidirect ional  cross  r o l l i n g  versus  s t r a i g h t  r o l l i n g ,  

Schedule 10, Fig.  22, versus  62, F ig .  21, (both ma te r i a l s  with ingot  a x i s  

i n  t h e  major r o l l i n g  d i r e c t i o n ) ,  caused an increase  i n  t h e  devia t ion  of 

The e f f e c t  of c ross  r o l l i n g ,  both unid i rec-  
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TABLE I 

k VALUES FOR ZIRCALOY-2 OF T W E m  FABRICATION SCHEDULESa 

b Specimen Axis 
RD 22-1/2O '1-5" 67-1/2" TD m 

Schedule kxy/kxz kap/ka z 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 
14 

15 
16 
17 
18 
62 
J 

0.520/0.480 0.676/0.324 0.688/0.312 
0.619/0.381 0.611/0.389 0.649/0.351 
0.700/0.300 0,669/0.331 0.679/0.321 
0.665/0.335 0.709/0.29i 0.743/0.257 
0.700/0.3OO - - 
0.739/0.261 0.789/0.211 0.810/0.190 

Dsta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.885/0.115 0.885/0.115 0.884/0.116 

0.678/0.322 - - 
0.855 /O .145 - - 

0.5 30/0.470 - 0.610/0.390 
0.592/0.408 - 0.702/0.298 
0.735/0.265 - 0. 733/0. 267 
0.544/0.456 - 0.610/0.390 
0.570/0.430 - 0.614/0.386 
0.634/@. 366 - 0.680/0.320 
@.620/0.380 - - 
0.531/0.469 - - 
0.585/0.415 - - 
0.304/0.696 0.625/0.375 0.554/0.446 

0.680/0.32O 0.773/0.227 0.759/0.241 
0.691/0.309 0.692/0.308 0.580/0.420 
0.741/0.259 0.715/0.285 0.518/0.482 
0.764/0.236 0.700/0.300 0.540/0.460 

- 0.756/0.244 0.570/9.430 

0.812/0.188 0.812/0.188 0.604/0.396 
Poor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.884/0.116 0.884/0.116 0.498/0.502 

- 0.88810.112 0.573/0.427 
- 0.784/0.216 0.633/0.367 
- 0,650/0.350 0.622/0.378 
- 0.709/0.291 0.627/0.373 
- 0.741/0.259 0.508/0.492 
- 0.780/0.220 0.748/0.252 
- 0.662/0.338 0.596/0.404 
- 0.69510.305 0.568/0.432 
- 0.733/0.267 0.627/0.373 
- 0.693/0.307 0.666/0.334 
- 0.689/0.311 0.611/0.389 

0.625/0.375 0.600/0.400 0.774/0.226 
a 

bRD - r o l l i n g  direct ion,  TD - t ransverse d i r ec t ion ,  W - normal d i r ec t ion .  

Determined a t  room temperature. 

k - j = a, b,  o r  c ( t e n s i l e  a x i s  a t  67-1/2, b5, o r  22-1/2O from RD) and p i s  c o n t r a c t i l e  
jp s t r a i n  a x i s  i n  r o l l i n g  plane.  

1 

w 
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the  values  of t he  k ' s ,  longi tudina l  and t ransverse,  from the  i s o t r o p i c  

case, while kZx and k remained approximately constant .  Although t h e  

differences i n  anisotropy between the  major sheet  d i r ec t ions  f o r  each m a -  

t e r i a l  were of t he  same order,  t he  anisotropy as a whole was increased b y  

un id i r ec t iona l  c ross  r o l l i n g .  Rota t iona l  cross  r o l l i n g  versus straight 

ro l l i ng ,  Schedule 1.3, Fig.  23, versus Schedule 11, Fig.  1.9 (both with 

ingot  axis i n  the  normal d i r ec t ion ) ,  had a more s i g n i f i c a n t  e f f e c t  than 

did un id i r ec t iona l  c ross  r o l l i n g .  The ma te r i a l  produced by  t h e  90" ro ta -  
t i o n  cross  r o l l i n g  (Schedule 13) had equal  values  of k ' s  i n  the plane of 

the  p l a t e  (k 

of t he  k's f o r  t he  normal d i r ec t ion  were approximately equal  t o  0.5 

ZY 

= 0.735, kyx = 0.741); and, therefore ,  t h e  ca lcu la ted  values  
XY 

= 0.508, k = 0.492). The f a c t  t h a t  bo th  kZx and k were equal t o  
(kZX =Y Z Y  
0.5 ind ica ted  only t h a t  t he  anisotropy was i d e n t i c a l  i n  the long i tud ina l  

and t ransverse  d i rec t ions ,  and not t h a t  a t r u e  s t a t e  of i so t ropy  ex i s t ed .  

A s ta te  of pseudoisotropy ex i s t ed  i n  t h i s  material, t h e  s t r a i n  p rope r t i e s  

f o r  a l l  d i r ec t ions  i n  the plane of t h e  p l a t e  being i d e n t i c a l .  The s t r a i n  

behavior i n  a d i r ec t ion  i n  t he  r o l l i n g  plane was, however, q u i t e  dissimilar 

t o  the  s t r a i n  behavior i n  t h e  normal d i r ec t ion .  

Ef fec t  of Cross Rol l ing During t h e  Intermediate a Reduction Step on 

t h e  Anisotropy of S t r a i n  Behavior of Zircaloy-2. 

(90" r o t a t i o n  af ter  each pass)  during the  intermediate reduct ion s t e p  a t  

1450°F (Schedule 14, Fig.  24) caused an increase i n  anisotropy over t h a t  

for s t r a i g h t - r o l l e d  material .  Comparison of t h e  values of the k ' s  f o r  

Schedule 14  with those f o r  Schedule 11 (produced by  i d e n t i c a l  procedure 

except t h a t  no c ross  r o l l i n g  was done) showed t h a t ,  although the re  had 

been l i t t l e  change i n  s t r a i n  behavior i n  t h e  longi tudina l  d i rec t ion ,  

k 

i n  the  t ransverse d i r ec t ion .  Cross r o l l i n g  caused an increase i n  t h e  

value of k 

Rota t iona l  c ross  r o l l i n g  

(14)  = 0.544 and k 
Xy Xy 

(11) = 0.530, t he re  had been a considerable change 

from 0.650(11)to 0.780(14). 
yx 

Effec t  of Cross Roll ing i n  the  @ Fie ld  on t h e  Anisotropy of S t r a i n  

Behavior of Zircaloy-2. 

temperature i n  the  @ f i e l d  i s  seen by comparison of Schedules 15 and 16, 
Figs .  25 and 26. 

f i e l d  (c ross  r o l l i n g  f o r  Schedule 16), f3 heat  t r ea t ed ,  r o l l e d  25% a t  

IOOO'F, and annealed a t  1425°F. 

6 f i e l d  was both t o  increase s l i g h t l y  the  k values  i n  t h e  plane of t h e  

The e f f e c t  of r o t a t i o n a l  cross  r o l l i n g  a t  a 

Both mater ia l s  were ro l l ed  a t  a temperature i n  t h e  @ 

The e f f e c t  of t h e  cross  r o l l i n g  i n  the  

. 
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p l a t e  (Schedule 16, k 

Schedule 15, k 

degree of pseudoisotropy. 

= 0.634, k 
X y  Yx 

= 0.695, and kZx = 0.568 and f o r  

= 0.570, kyx = 0.662, and kZx = 0.596) and t o  increase t h e  
XY 

Schedule J Zircaloy-2, r o l l e d  from a 1000-lb ingot ,  was fab r i ca t ed  

e s s e n t i a l l y  i n  t h e  same way as was Schedule 62, except t h a t ,  a f t e r  enough 

r o l l i n g  t o  spread, lengthen, and f l a t t e n  t h e  ingot  somewhat, t he  ingot  was 

turned s o  t h a t  t he  ingot  axis ms i n  the  t ransverse  d i r ec t ion .  I n  t h i s  

case, and only i n  t h i s  case, t he  c o n t r a c t i l e  s t r a i n  i n  the  normal d i r ec t ion  

f o r  a longi tudina l  specimen was g rea t e r  than the  t ransverse  d i r e c t i o n  con- 

= 0.696).  The values  of t he  k ' s  f o r  t he  t ransverse  t r a c t i l e  s t r a i n ,  

d i r ec t ion  specimen a r e  reasonably close t o  those f o r  t h e  i s o t r o p i c  case: 

k = 0.600 and k = 0.400. Calculated values  f o r  t h e  normal d i r e c t i o n  

k ' s  show t h a t  t h e  anisotropy of s t r a i n  behavior f o r  Schedule J Zircaloy-2 

would be the  most pronounced f o r  a specimen whose t e n s i l e  axis was normal 

t o  t h e  r o l l i n g  plane (see Fig.  27) .  When, however, considerable reduction 

(from 12-in.-diam ingot  t o  4- in .  s l a b )  was done before  ingot  a x i s  r o t a t i o n  

(Schedule 18, Fig.  28), t h e  s t r a i n  behavior was modified from t h a t  of  

Schedule J. 

i n  the  long i tud ina l  d i r e c t i o n  approached i s o t r o p i c  behavior (k 

(kxz 

Yx YZ 

The major d i f fe rence  was t h a t  t h e  s t r a i n  behavior l o r  Schedule 18 
F+I k % 0.5). 

Xy xz 
Effec t  of All f3 vs  Partials: Major Reduction on the  Anisotropy of S t r a i n  

Behavior of Zircaloy-2. 

Zircaloy-2 (Schedule 11 versus Schedule 15) was e f f ec t ed  by d i f fe rences  i n  

t h e  temperatures f o r  major reduct ion.  

first a t  a temperature i n  t h e  f3 f i e l d  and then a t  1450°F before  f3 heat  

treatment,  f i n a l  reduction, and annealing, while a l l  of the  reduct ion 

before  t h e  f i n a l  f3 hea t  treatment f o r  Schedule 1 5  was performed i n  t h e  f3 

f i e l d .  The values  of t h e  k ' s  f o r  Schedule 11 are ,  k 

and k 

kZx = 0.596. 

Only a s l i g h t  change i n  the  s t r a i n  behavior of 

Schedule 11 Zircaloy-2 was r o l l e d  

0.650, 
XY = 0.5307 kyx = 

= 0.622; and f o r  Schedule 1.5, k = 0.570, kyx = 0.662, and zx Xy 

Effec t  of  All a Phase Treatment on t h e  Anisotropy of  S t r a i n  Behavior 

of Zircaloy-2. 

hea t  treatment (Schedules 8 and 9), t h e  r e s u l t  was t h e  production of a 

pseudoisotropic ma te r i a l .  

showed t h a t  t he  da ta  f o r  specimens of a l l  o r i en ta t ions  t e s t e d  i n  t h e  plane 

of t h e  p l a t e  gave i d e n t i c a l  curves.  

When t h e  f i n a l  a-reduct ion s t ep  was not preceded by a @ 

The s t r a i n - s t r a i n  p l o t s  f o r  Schedule 8, F ig .  29, 

The ca lcu la ted  root-mean-square 

values  f o r  k and. k were 0.885 and 0.884, respec t ive ly ,  t he re  being no 
Xy Y-X 
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r e a l  d i f fe rence  i n  t h e  va lues .  The values  of t h e  k's f o r  t h e  normal d i r ec -  

t i o n  were e s s e n t i a l l y  equal  t o  0.5. 

Fig .  30, approached the  same degree of pseudoisotropy (k = 0.855 and 

k The d i f fe rences  seen i n  t h e  

degree of pe r f ec t ion  of prefer red  o r i en ta t ion  f o r  these  two ma te r i a l s  

were cons is ten t  with t h e  values  of t he  k ' s .  (Although Schedule 9 had 7% 
f i n a l  reduct ion while Schedule 8 had only 5 6 ,  t h e  t ex tu re  determined f o r  

Schedule 8 was more per fec ted  than t h a t  f o r  Schedule 9 . )  

The values  of t h e  k's f o r  Schedule 9, 

X y  
= 0.888) as d id  those f o r  Schedule 8. 

Yx 

Effec t  of the  Number of f3 Heat Treatments and t h e  F i n a l  Percentage 

Reduction on t h e  Anisotropy of S t r a i n  Behavior of Zircaloy-2.  

evaluat ion of t h e  e f f e c t  of t h e  f3 hea t  t reatments  and t h e  f i n a l  percentage 

reductions,  even with the  a i d  of t he  inverse pole  f igures ,  has been q u i t e  

d i f f i c u l t .  Examination of t h e  s t r a in - s t r a in  da ta  f o r  these  schedules, while 

it does not explain t h e  causes of t he  anomalies which a r e  be l ieved  t o  e x i s t ,  

does give a cross-check on the  r e l i a b i l i t y  of t h e  da t a .  The d i f fe rences  i n  

t h e  pole f i g u r e s  of Zircaloy-2 of Schedules 1 and 2 (both ma te r i a l s  r e -  

ceived two intermediate  f3 heat  t reatments  bu t  Schedule 2 ma te r i a l  ms water 

quenched, r a t h e r  than a i r  cooled, from t h e  p heat-treatment temperature) 

could not be reconci led on the  b a s i s  of  t he  d i f fe rences  i n  f a b r i c a t i o n  

procedure. Although t h e  s t r a i n - s t r a i n  data, Figs .  31 and 32, do not a i d  

i n  understanding t h e  d i f fe rences ,  they  do show that t h e  pole  f igu res  a r e  

cons is ten t  with t h e  s t r a i n  behavior.  The equal i n t e n s i t y  of t ransverse  and 

normal d i r ec t ion  reference axes iihich a r e  observed a t  t h e  b a s a l  poles ,  along 

with t h e  loca t ion  of t h e  i n t e n s i t i e s  i n  the  r o l l i n g  d i r ec t ion  pole f igu re ,  

would ind ica t e  t h a t  t h e  s t r a i n  behavior i n  t h e  r o l l i n g  or l ong i tud ina l  

d i r e c t i o n  of Schedule 1 mate r i a l  should approach t h a t  f o r  an i s o t r o p i c  

metal  and t h a t  t h e  s t r a i n  behavior i n  t h e  t ransverse  and normal d i r ec t ions  

should be s i m i l a r  t o  each o the r .  This was found t o  be t rue ,  i n  t h a t  

Analysis and 

k = 0.520, k = 0.773, and kZx = 0.759. Schedule 2 Zircaloy-2, f rom 
X y  ;yx 

examination of t h e  pole f igures ,  should have shown similar, bu t  not i d e n t i -  

ca l ,  s t r a i n  behavior i n  the  t ransverse  and r o l l i n g  d i r ec t ions .  

d i c t i o n  was shown to be accurate ,  even as t o  r e l a t i v e  magnitudes, s ince  

This pre-  

k = 0.619 and k = 0.692. 
X y  Yx 

Schedule 3, which had one l e s s  f3 heat  treatment than Schedule 1, showed 

the  expected t r end  toward pseudoisotropy o r  per fec t ion  of t ex tu re  because 

of t he  g rea t e r  percentage reduction between anneals .  The anisotropy i n  t h e  
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t ransverse d i rec t ion ,  as ind ica ted  by the  values of the  k ' s ,  Fig.  33, was 

less [k 

g r e a t e r  [k  (1) = 0.520, k (3 )  = 0.7001. 
(1) = 0.773, k 

STX 3Tx 
(3)  = 0.7151, bu t  t h a t  i n  the  r o l l i n g  d i r e c t i o n  was 

X y  Xy 
The prefer red  o r i e n t a t i o n  of Zircaloy-2 produced by Schedules 4, 5, and 

6, Figs .  34-36 (@ worked, @ heat  t rea ted ,  reduced 25, 50, and TO$, respect ively,  

a t  1000°F, and annealed a t  1425"F), d id  not show the  expected progression. 

has been proposed t h a t  the  pole f igu res  f o r  Schedule 5 might be i n  e r r o r .  

Examination of the  values of the  k ' s  f o r  t h i s  s e r i e s  of mater ia l s  lends 

weight t o  t h i s  conjecture.  

of Zircaloy-2 a r e  presented i n  Table 11. 

t o  progress with an increase i n  the  f i n a l  percent reduction, as would be 

expected, and i s  not t h a t  which would have been predicted by examination of 

t he  inverse pole f igu res  f o r  Schedule 5.  
t he  pole f igu res  for Schedule 5 has revealed no e r r o r  i n  the  ca lcu la t ion  

or p l o t t i n g  of t he  f igu res .  

made only by  rerunning se lec ted  planes on a new d i f f r a c t i o n  specimen. 

It 

The values of the k ' s  for these three  schedules 

The degree of anisotropy i s  seen 

A re-examination of the data  f o r  

A check on the  v a l i d i t y  of these data  can be 

TABLE I1 

k VALUES FOR SCHEDULES 4, 5, AND 6 

'$I F i n a l  

zx k k k 
Schedule Reduction X y  F 

~ ~~ 

4 25 0.665 0.700 0.540 

5 50 0.700 0.756 0.570 
6 70 0.739 0.812 0.604 

k Values as a Function of  Specimen Axis. S t r a i n - s t r a i n  p l o t s  for 
specimens with t e n s i l e  axes a t  angles  t o  the  major sheet d i r e c t i o n s  i n  the  

plane of the  p l a t e  were made f o r  a number of the  schedules. 

t he  k ' s  f o r  these  specimens were presented i n  Table I with the  values f o r  

t he  major sheet d i r e c t i o n s . )  The s ignif icance of t he  absolute  values of 

t he  k ' s  found f o r  t he  specimens with t e n s i l e  axes a t  angles t o  the  sheet 

d i r e c t i o n s  i s  l i m i t e d  by  t h e  f a c t  that i n  many cases (Schedules 1 through 

10)  dupl icate  specimens were not t e s t e d .  

of values of the  k ' s  f o r  dupl icate  specimens (see Table I11 and Fig.  37) 

(The values of 

If, however, t he  r e p r o d u c i b i l i t y  



- 54 - 

I 
I 

I 
I 

i 
i 

Y 0
 

r: 
CD 

?
 

0
 

0
 

0
 

0
 

- 
N

 
0

 
r? 
0
 

0
 

t
 

C
 
a
 

E 2 
4- 
0
 

I- +
 

0
 

a
 
I
 

Q
 

a
 
0
 

U
 
a
 

t
 

.- E L 
c
 

W
 
c
 

a
 

C
 

-
 

0
 

m W
 
3
 

U
 

W
 
c
 
0
 

.. 
-
 

.
a
 



I . 

UNCLASSIFIED 
ORNL-LR-DWG 49454 

0 . 6  

0.5 

0.4 

,3 

, $3 
- 

8. - 0.3 

- 

0 . 2  

0.1 

0 

SCHEDULE 4 
0 o DUPLICATE TRANSVERSE DIRECTION SPECIMENS 
A A DUPLICATE ROLLING DIRECTION SPECIMENS 1 

I I 
I I 

4 
/ 

I k-,= 0.700 
kxV= 0.665 

I 
i 

I 

I 

kzx =0.540 
(CALCULATED 1 - 
k,,, = 0.460 
(CALCULATED) 

I 

k,, = 0.33 5 

kyz = 0.300 

I 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 .o 0 0.1 0.2 
FJJ 

Fig. 34. Strain-Strain Plots for Schedule 4 Zircaloy-2. Schedule 4: p Reduction Plus 2 5 %  Low Q Reduction. 

I 

vl 
vl 

I 



- 56 - 

w
w

 
I-I- 

0
 
v

.
 

a
a

 
i
i
 

a
n

 
n

o
 

., O
Q

 

3
3

 

0
.
 

c
 

0
 

0
 

Q
) 

0
 

p'. 
0
 

'9 0 

0
 

'-
 

0
 111' 

U
 
0
 

?
 

0
 

(u
 

0
 

- 0 0
 



I . - 

s e L e 

0.8 

0.7 

0.6 

0.5 

- 
,3 

I ," - 
~ 0.4 - 
- 

0.3 

0.2 

1.1 I 

SCHEDULE 6 
0 , o  DUPLICATE TRANSVERSE DIRECTION SPECIMENS 
A, A DUPLICATE ROLLING DIRECT10 

I I 
SPECIMENS 

I 

UNCLASSIFIED 
ORNL-LR-DWG 49456 

kyx= 0.812 

kxy = 0.735 

1 kzx = 0.60 4 

7 kzy = 0.39E 

(CALCULATI 

I 

I 
kxz= 0.261 
/ 

kyz = 0.188 

I 

Ln 
4 
I 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 I .1 - 
e .  

I I  

Fig. 36. Strain-Strain Plots for Schedule 6 Z i r ca loy -2 .  Schedule 6: ,B Reduction Plus 70 o/o Low a Reduct ion.  



UNCLASSIFIED 
ORNL-LR-DWG 49457 

0.8 

0.7 

0.6 

0.5 

0.3 

0.2 

0.1 

0 

SCHEDULE 17 

o TRANSVERSE DIRECTION SPECIMENS 
A ROLLING DIRECTION SPECIMENS 

I 
I I I 

kyx = 0.733 2 0.01 3 

k =0.62020.01C 
XY 

AVERAGE OF SIX  
SPECIMENS FOR I I 

/ 
/ 

-(CALCULATED) -  
I 

A k = 0. 
Y= 

67 

0.1 0.2 0.3 0.4 0.5 - 0.6 0.7 0.8 0.9 1.0 1.1 0 
€ 1  i 

Fig.  37. Strain- Strain Plots for Schedule 17 Zircaloy-2. Schedule 17: HRP Commerc ia l  Fab r i ca t i on  P rocedure .  

I 

I 

ul co 
I 

1 



- 59 - 

TABLE I11 

REPRODUCIBILITY OF k VALUES - SCHEDULE 17 

k k 
X y  ;yx 

0.608 0.740 

0.612 0.726 

0.628 0.750 
0.620 

0.618 
0.722 
0.714 

0.636 0.743 

k (Av.) 0.620 
X y  

(5 = 0.010 
Xy 

(5 = 0.013 
;yx 

2 u - Standard Deviation = Y E  fd - 
r 

i s  t o  be bel ieved,  it i s  permissible  t o  accept t h e  values  with some confi-  

dence. S t r a i n - s t r a i n  p l o t s  of t h e  spectrum of specimen o r i en ta t ions  

t e s t e d  a r e  important i n  t h a t  they  poin t  t o  t h e  f a c t  t h a t  t h e  major sheet  

f a b r i c a t i o n  d i r e c t i o n s  a r e  not always t h e  ' an iso t ropic  axes . '  

r e l a t ionsh ip  of t h e  an i so t rop ic  axes t o  p re fe r r ed  o r i en ta t ion  and t h e  

major sheet  d i r ec t ions  will be discussed l a t e r . )  

seen, however, i n  a c l e a r e r  fashion by p l o t s  of values of k 

angle of t h e  specimen axis from one of t h e  reference axes.  These p l o t s  

a l s o  serve t o  show the  e f f e c t  of f a b r i c a t i o n  va r i ab le s  on t h e  values  of 

t h e  k's f o r  a l l  of t h e  specimen o r i en ta t ions  t e s t e d .  

F igs .  3&41, t h e  s lopes of t h e  s t r a i n - s t r a i n  curves ( the  values  of t h e  k ' s )  

f o r  specimens with t e n s i l e  axes a t  angles  t o  t h e  r o l l i n g  d i r e c t i o n  a r e  

given as k where j = a, b,  or c ( t e n s i l e  a x i s  a t  67-1/2, 45, 22-1/2" 
from t h e  r o l l i n g  d i r e c t i o n )  and p i s  t h e  c o n t r a c t i l e  s t r a i n  axis i n  t h e  

r o l l i n g  plane.  

(The 

This same e f f e c t  may be 

versus t h e  i j  

I n  these  p lo t s ,  

j p  
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The va r i ab le  operat ing i n  t h e  schedules presented i n  Fig.  38, 
Schedules 1, 2, and 3, wits the  number of intermediate  p heat  t reatments  

( t w o ,  followed by an a i r  cool, f o r  Schedule 1; t w o ,  followed by a water 

quench f o r  Schedule 2; and one, followed by an a i r  cool, f o r  Schedule 3) 
before the  f i n a l  reduct ion and anneal .  Schedules 4, 5, and 6 (F ig .  39) 
were designed t o  show t h e  e f f e c t  of increased f i n a l  percent  reduction; 

25% f o r  Schedule 4, 50% f o r  Schedule 5, and 70% f o r  Schedule 6. 
curve f o r  Schedule 8 (Fig .  39) shows t h e  i so t ropy  which w a s  developed i n  

t h e  plane of  t h e  p l a t e  when no f3 heat  treatment was given during f ab r i ca -  

t i o n .  

r o l l i n g  a f t e r  p hea t  t reatment  (Schedule 13)  and before  p hea t  t reatment  

a t  1450°F (Schedule 14) versus  s t r a i g h t  r o l l i n g  (Schedule 11). 

of r o t a t i o n a l  c ross  r o l l i n g  versus  s t r a i g h t  r o l l i n g  a t  a temperature i n  

the  f3 f i e l d  (Schedules 16 vs  15) before p heat  treatment and f i n a l  a 
reduct ion i s  shown i n  Fig.  41. 

The 

The da ta  of Fig.  40 demonstrate t h e  e f f e c t s  of r o t a t i o n a l  c ross  

The e f f e c t  

k Values as a Function of Temperature. The values  of t he  k's for 

t h e  major sheet  f a b r i c a t i o n  d i r ec t ions ,  determined on specimens f r a c -  

tu red  a t  302 and 572"F, a r e  shown i n  Table I V  f o r  a l l  b u t  f i v e  schedules.  

The values  of t h e  k ' s  f o r  room-temperature specimens, presented previously 

i n  Table I, a r e  given f o r  comparison. P l o t s  of k i j  versus  temperature 

a r e  shown i n  Figs .  42A4. S t r a i n - s t r a i n  p l o t s  determined from t e n s i l e  

specimens t e s t e d  a t  room temperature, 3Oz0F, and 572°F a r e  shown f o r  one 

of t h e  experimentally f ab r i ca t ed  schedules of Zircaloy-2 (Schedule 12)  

i n  Fig.  45. The v a r i a t i o n  i n  the  values  of t h e  k's with temperature, on 

t h e  whole, seems nea r ly  random. No major  change i n  t h e  values  of t h e  

k ' s  was e f f e c t e d  by  increas ing  t h e  temperature of  t e s t i n g  from room 

temperature t o  572°F. 

Corre la t ion  of Inverse Pole Figures and S t r a i n  Data. Some corre-  

l a t i o n  of t h e  inverse pole  f i g u r e s  and t h e  s t r a i n  da t a  has been made i n  

t h e  ana lys i s  of Schedules 1 through 6. 
t w o  methods of ana lys i s  i s  qu i t e  simple and i s  i n t u i t i v e l y  der ivable .  

The r e l a t ionsh ip  is, however, only q u a l i t a t i v e .  From t h e  pole f i g u r e s  

of Schedule 8 (Fig.  lo), f o r  example, it i s  obvious t h a t ,  s ince  t h e  

loca t ion  and concentrat ion of t h e  t ransverse  and r o l l i n g  d i r e c t i o n  

reference axes a r e  almost i d e n t i c a l ,  t he  s t r a i n  p rope r t i e s  i n  t h e  

t ransverse  and r o l l i n g  d i r ec t ions  a l s o  will be almost i d e n t i c a l .  

The r e l a t ionsh ip  between t h e  
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TABLE I V  

k VALUES FOR ZIRCALOY-2 TESTED AT 

ROOM TENPERAT~E, 3 0 2 0 ~ ,  AND 5 7 2 0 ~  

Temper- 
a tu re  

Schedule ( O F )  ' kxy XZ 
k k 

yx 
k 
YZ kZx k 

=Y 

1 75 
302 
5 72 

2 75 
302 
5 72 

3 75 
302 
5 72 

4 75 
302 
5 72 

6 75 
302 
5 72 

8 75 
302 

5 72 

10 75 
302 
572 

11 75 
302 
572 

0.520 

0 - 533 
0.540 

0.619 

0.591- 
0.600 

0.700 

0.695 
0.71-3 

0.665 
0.665 
0.680 

0.739 
0.768 

0.785 

0.885 
0.890 
0.885 

0.678 
0.630 
0.642 

0.530 
0.515 
0.530 

0.480 
0.467 
0.460 

0.381 
0.409 
0.400 

0.300 

0 - 305 
0.287 

0.335 
0 - 335 
0.320 

0.261 
0.232 
0.215 

0.115 

0.115 

0.322 

0.370 
0.358 

0.110 

0.470 
0.485 
0.470 

0.773 
- 
- 

0.692 
- 
- 

0 - 71.5 
- 
- 

0.700 
- 
- 

0.812 

- 
0.884 

- 
- 

0.784 
- 

0.760 

0.650 
0.638 
0.665 

0.227 
- 
- 

0.308 
- 
- 

0.285 
- 
- 

0.300 
- 
- 

0.188 
- 
- 

0.116 
- 
- 

0.216 
- 

0.240 

0.350 
0.362 

0 * 335 

0.759 
- 
- 

0.580 
- 
- 

0.518 
- 
- 

0.540 
- 
- 

0.604 
- 
- 

0.498 
- 
- 

0.633 

0.638 

0.622 
0.624 
0.638 

- 

0.241 
- 
- 

0.420 
- 
- 

0.482 
- 
- 

0.460 
- 
- 

0.396 
- 
- 

0.502 

- 
- 

0.367 

0.362 

0.378 
0.376 
0.362 

- 

( continued. ) 



- 66 - 

TABU3 IV (continued) 

k 
kZX ZY 

k k 
Schedule (OF) XY xz YX Y= 

k ature 

12 

1-3 

14 

15 

17 

18 

J 

75 
302 

572 

75 
302 

572 

75 
302 

572 

75 
302 

572 

75 
302 

572 

75 
302 

572 

75 
302 

572 

0 592 
0.595 
0.609 

0.735 
0.714 
0.720 

0.544 

0.525 
0.520 

0 - 570 
0.535 
0.542 

0.620 

0.642 

0.531 

0.530 

0.535 

0.304 
0.292 

0.331 

0.408 
0.405 

0 391 

0.265 
0.286 
0.280 

0.456 

0.475 
0.480 

0.530 
0.465 
0.458 

0.380 

0.358 

- 

0.469 
0.470 
0.465 

0.696 
0.708 
0.669 

0.709 
0.700 

0 725 

0.741 

0 739 
0.740 

0.780 
0.740 

0.713 

0.662 

0.653 
0.675 

0 733 

0.745 

0.693 
0.682 
0.700 

0.600 

0.530 
0.575 

- 

0.291 
0.300 

0 9 275 

0.259 
0.261 
0.260 

0.220 

0.260 
0.287 

0.338 
0 347 
0.325 

0.267 
- 

0.255 

0 307 
0.320 

0.300 

0.400 
0.470 
0.425 

0.627 
0.663 
0.629 

0.508 

0 532 
0.526 

0.742 
0.720 

0.697 

0.596 
0.625 
0.632 

0.627 

0.620 

0.666 

0.653 
0.670 

0 774 
0.732 
0 * 733 

- 

0.373 
0.337 
0.371- 

0.492 
0.468 
0.474 

0.258 
0.280 

0 303 

0.404 

0 375 
0.368 

0 373 

0.380 

0.334 
0 - 347 
0 330 

0.226 
0.268 
0.267 

- 
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Also, t h e  c o n t r a c t i l e  s t r a i n  expected i n  t h e  normal d i r e c t i o n  for specimens 

with t e n s i l e  axes i n  t h e  r o l l i n g  plane will be small because of t he  high 

dens i ty  of b a s a l  poles ,  and thereby the  absence of s l i p  systems ( {lOiO} 
<1210> ) i n  t he  normal d i r e c t i o n .  

conjectured t h a t  t h e  values  of k and k will be approximately equal 

and considerably g rea t e r  than 0.5;  and, therefore ,  t h a t  kZx 2: k 

The experimentally determined values  of the  k ' s  f o r  t h i s  schedule were 

k = 0.885 and k = 0.884 (k = 0.498 - ca lcu la t ed ) ,  showing t h a t  t h e  

co r re l a t ion  of  t h e  pole  f i g u r e s  with t h e  s t r a i n  da ta  was va l id .  

- -  
From these  observations,  it may be 

Xy ;yx 
2: 0.5. 

ZY 

XY Yx zx 

This type of ana lys i s  may be i l l u s t r a t e d  f u r t h e r  by examination o f  t h e  

pole f i g u r e s  and s t r a i n  da ta  f o r  Schedule J, Figs .  8 and 25. 

f ea tu re  of t h e  pole  f i g u r e s  i s  a very high dens i ty  of  b a s a l  poles  i n  t h e  

t ransverse  d i r e c t i o n  (R = 5 . 5 ) .  Therefore, when a r o l l i n g  d i r e c t i o n  speci-  

men i s  pul led  i n  tension,  t h e  g r e a t e s t  c o n t r a c t i l e  s t r a i n  must occur i n  t h e  

The major 

normal d i r e c t i o n  and t h e  k will be g rea t e r  than  k It was found 
xz Xy' 

experimentally t h a t  k = 0.696 and k = 0.304. Judging from t h e  pos i t i ons  
xz Xy 

and d e n s i t i e s  of t h e  r o l l i n g  and normal d i r e c t i o n  reference axes with r e -  

pec t  t o  c rys ta l lographic  axes, t h e  c o n t r a c t i l e  s t r a i n s  i n  the  r o l l i n g  and 

normal d i r e c t i o n s  f o r  a t ransverse  d i r e c t i o n  specimen should not be too  

d i f f e r e n t  and should approach 0.500, but  with k somewhat g rea t e r  than  

k . "he values  found were k = 0.600 and k = 0.400. A normal d i r ec -  
YZ Yx Y Z  

t i o n  specimen would have l i t t l e  c o n t r a c t i l e  s t r a i n  occurr ing i n  t h e  t r a n s -  

verse  d i r e c t i o n  because the  s l i p  systems a r e  approximately perpendicular  

t o  t h e  s t r e s s  a x i s .  The ca lcu la ted  values  of t h e  k's were k 

and k = 0.226. 

F 

= 0.774 zx 

ZY 
Having shown t h a t  a c o r r e l a t i o n  of pole f i g u r e s  with t h e  values  of 

t h e  k's can be made with considerable confidence, it i s  then  poss ib le  t o  

p red ic t  t h e  major f ea tu res  of t h e  pole  f igu res  f o r  Zircaloy-2 f ab r i ca t ed  

by  o ther  schedules.  

axes a t  t h e  pole of t h e  basal plane, (OOOl), and a t  t h e  poles  of t h e  

{ h k i O }  planes i s  shown i n  Table V f o r  Schedules 11 through 16. 

The predic ted  dens i ty  of each of t h e  major  reference 
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TABLE V 

THE DENSITY OF REFERENCE AXES AT THE BASAL AND {&io} 

POLES PREDICTED BY STRAIN-STRAIN ANALYSIS 

R(0001) R{ hki 0} 
zx RD TD ND RD TD m k k k 

Schedule Xy YX 

11 0.530 0.650 0.622 0 2  2 2 1 < 1  

12 0.592 0.709 0.627 0 2  3 2 < 1  0 

1-3 0.735 0.741 0.508 0 0  4 2 2 0 

14 0.544 0.780 0.748 0 4  4 3 0 0 

15 0.570 0.662 0.596 0 2  3 2 0 0 

16 0.634 0.695 0.568 0 1 3 2 < 1  0 

Relationship of t he  k Values t o  True Stress-True S t r a i n  Diagrams. 

Approximate t r u e  s t r e s s - t r u e  s t r a i n  diagrams were constructed from t h e  

load-elongation curves of a few of t he  Zircaloy-2 mater ia l s  i n  order t o  

show the  wide v a r i a t i o n  i n  t h e  t ransverse  and r o l l i n g  d i r e c t i o n  s t r e s s -  

s t r a i n  curve p a i r s  and as p a r t  of an attempt t o  obtain a q u a n t i t a t i v e  

c o r r e l a t i o n  between t h e  curves and the  assoc ia ted  values  of t he  k's. 

The s t r e s s - s t r a i n  curves constructed f o r  Schedules 8, 10, 62, and J are 

presented i n  Figs .  4a9. 
of t h e  curves and the  values of t he  k ' s  i n  t h e  r o l l i n g  and t ransverse  

d i r e c t i o n s  for each of these  schedules a r e  shown on the  f igu res .  A number 

of th ings  concerning the  curves i n  general  should be noted. F i r s t ,  t he  

proport ional  l i m i t  was lower i n  all cases f o r  t he  longi tudina l  specimens; 

second, t he  y i e l d  s t rengths  for the  longi tudina l  specimens were lower; and, 

t h i rd ,  t he  slope of t he  t r u e  s t r e s s - t rue  s t r a i n  curve i n  the  p l a s t i c  region 

was g r e a t e r  f o r  t he  longi tudina l  specimens. 

Equations f o r  the  e l a s t i c  and p l a s t i c  por t ions  

An examination of t he  ind iv idua l  s t r e s s - s t r a i n  curves for each of t h e  

four  schedules serves  t o  i l l u s t r a t e  the  v a r i a t i o n  i n  d i r e c t i o n a l i t y  of 

mechanical p r o p e r t i e s  which was seen from schedule t o  schedule. The longi-  

t u d i n a l  and t ransverse  t r u e  s t r e s s - t rue  s t r a i n  curves for Schedule 8 
mater ia l ,  F ig .  46, a r e  e s s e n t i a l l y  iden t i ca l ;  the  d i f fe rence  between t h e  

two curves being no g r e a t e r  than t h a t  expected between dupl ica te  specimens 
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Fig.49.  True Stress-True Strain Diagram for Schedule J Zircaloy- 2. 
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i n  even an i s o t r o p i c  material. 

ex i s t ed  i n  Schedule 8 Zircaloy-2. 

t h e  usua l  method, without r e a l i z a t i o n  of t h e  v a r i a t i o n  i n  c o n t r a c t i l e  s t r a i n s  

and prefer red  or ien ta t ion ,  would l ead  one t o  surmise t h a t  t h i s  material was 

completely i s o t r o p i c .  

This again shows t h e  pseudoisotropy which 

Construction of s t r e s s - s t r a i n  curves by  

The t r u e  s t r e s s - t r u e  s t r a i n  curves f o r  Schedules 10, 62, and J, a l l  

f ab r i ca t ed  by va r i a t ions  of t he  ORW-HEP Metallurgy f ab r i ca t ion  procedure, 

show a progression away from the  case of pseudoisotropy. The curves f o r  t h e  

longi tudina l  and t ransverse  d i r e c t i o n  specimens of Schedule 62 Zircaloy-2, 

when examined i n  l i g h t  of t h e  values  of t h e  k's, l ead  t o  the  conclusion 

t h a t  t h i s  material was one of t h e  most i s o t r o p i c  examined i n  the  f ab r i ca -  

t i o n  study. 

Attempts t o  re la te  the  equations of t h e  s t r e s s - s t r a i n  curves t o  t h e  

values  of t he  k ' s  f o r  each of t h e  mater ia l s  m e t  with l i t t l e  success.  One 

q u a l i t a t i v e  cor re la t ion ,  however, can be  made. The A s t r e s s  ( t h e  d i f f e r -  

ence i n  the  stress f o r  t h e  longi tudina l  and t ransverse  d i r ec t ion  specimens 

a t  any given s t r a i n  i n  a region intermediate  t o  t h e  s t r a i g h t  l i n e  por t ions  

of t h e  s t r e s s - s t r a i n  curves) o r  t h e  a rea  between the curves f o r  longi tu-  

d i n a l  and t ransverse  specimens of t h e  same schedule of Zircaloy-2 i s  pro- 

po r t iona l  t o  t h e  d i f fe rences  between t h e  values  of k and k or k 

and k . On the  b a s i s  of t h e  inverse pole figures, s ince the  prefer red  

o r i en ta t ion  i n  the  t ransverse  d i r ec t ion  f o r  Schedule J i s  almost i d e n t i c a l  

t o  t h e  t ex tu re  f o r  Schedule 8 i n  the  normal d i rec t ion ,  t h e  t ransverse  

d i r ec t ion  s t r e s s - s t r a i n  curve of Schedule J may be assumed t o  approximate 

t h a t  f o r  t he  normal d i r ec t ion  of Schedule 8. 
t r u e  analogy because t h e  values  of t he  k's f o r  t he  t ransverse  d i r ec t ion  of 

Schedule J are not  equal  t o  0.5 as are the  values  of t he  k's f o r  Schedule 8 
normal d i r ec t ion .  The d i f fe rences  t h a t  would be seen between the  t ransverse-  

longi tudina l  d i r ec t ion  curve for Schedule 8 and t h e  normal d i r ec t ion  curve 

would, however, be of t h e  order  of magnitude ind ica ted  by a comparison with 

the  curve f o r  t h e  t ransverse  d i r ec t ion  of Schedule J. 

XY Yx xz 

Y= 

This i s  not  a completely 

Yield Strength-k Value Relat ionships .  An extension of a theory of 

H i l l 1 6  on the  y ie ld ing  and p l a s t i c  flow of an iso t ropic  metals was used t o  

H i l l ,  "A Theory of t h e  Yie1d.ing and P l a s t i c  Flow of Anisotropic 

Metals," - - -  Proc. Roy. SOC., (Lond.on) Ser .  A, - 193, pp. 281-297 (1948). 
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. 
see i f  t h e  y i e l d  s t r eng ths  i n  t h e  d i r e c t i o n  normal t o  t h e  r o l l i n g  plane 

could be ca lcu la ted  using t h e  y i e l d  s t r eng ths  i n  t h e  r o l l i n g  and t ransverse  

d i r ec t ions  and t h e i r  corresponding k va lues .  The r e l a t ionsh ip  a s  developed 

i s  t h a t  t he  y i e ld  s t r eng th  i n  one d i rec t ion ,  I, i s  propor t iona l  t o  t h e  

y i e l d  s t r eng th  i n  a second d i r ec t ion ,  J, and t h a t  t he  constant of propor- 

t i o n a l i t y  i s  the  square root  of t h e  r a t i o  k .  . /kji .  
=J  

I =-”/- J 

Since experimentally determined y i e l d  s t r eng ths  a r e  ava i l ab le  f o r  t h e  

t ransverse  and r o l l i n g  d i r ec t ions ,  t h i s  r e l a t ionsh ip  ms checked by c a l -  

cu la t ing  t h e  t ransverse  d i r e c t i o n  y i e l d  s t r eng ths  from t h e  r o l l i n g  d i r ec -  

t i o n  y i e l d  s t r eng ths .  The ca lcu la ted  y i e l d  s t r eng ths  f o r  t h e  t r ansve r se  

d i r ec t ion  were, i n  almost every case, considerably d i f f e r e n t  from t h e  

experimental values .  Then, using t h e  empir ica l  approach, t h e  y i e ld  

s t rengths  were assumed t o  be funct ions of t h e  r a t i o  of t he  k ’ s  with an 

exponent of one, (kij/kji)’, i n s t ead  of an exponent of one h a l f ,  

(k. ./kji)”*. I n  almost every ins tance  t h e  equation with an exponent 

of one y ie lded  a b e t t e r  f i t  with t h e  experimental  data ,  bu t  it s t i l l  

broke down f o r  s eve ra l  of t h e  schedules.  

1 J  

It must be noted t h a t  t h e  y i e l d  s t r eng th  r e l a t i o n s h i p s  were derived 

by  H i l l  on t h e  b a s i s  of t w o  assumptions which a r e  known not t o  hold i n  

t h i s  case.  The first assumption i s  t h a t  t h e  m a t e r i a l  under ana lys i s  has  

a sharp and d e f i n i t e  y i e l d  poin t  as does a m i l d  s t e e l .  There i s  no t rue  

“y ie ld  po in t“  i n  Zircaloy-2 and the  y i e l d  s t r eng th  measured i s  t h e  s t r e s s  

a t  0.2% o f f s e t  s t r a in .  The s t r e s s  a t  0.1% o f f s e t  s t r a i n  was a l s o  used t o  

t r y  t o  v e r i f y  the  y i e l d  s t rength-k value r e l a t ionsh ips ,  bu t  with very  

l i t t l e  more success than  was experienced with the  0.2% o f f s e t  y i e l d  

s t rength .  Both the  c h a r a c t e r i s t i c  curvature ( o r  shape) of t h e  load- 

\e longat ion curves f o r  Zircaloy-2 and t h e  accuracy of t h e  da ta  p r o h i b i t  

t he  use of equations based on t h e  propor t iona l  l i m i t .  

The second assumption made i n  t h e  der iva t ion  of t h e  y i e l d  s t r eng th  

co r re l a t ion  equation i s  t h a t  t h e  t e n s i l e  axes of t h e  specimens a r e  t h e  

p r i n c i p a l  axes of anisotropy; t h a t  is ,  t h e  components of t h e  prefer red  

o r i en ta t ion  a r e  centered on t h e  s t r e s s  axes.  O f  t h e  twelve schedules 

for which t h e  p re fe r r ed  o r i en ta t ion  was determined, only f o r  one m a t e r i a l  

(Schedule 9) a re  t h e  t e n s i l e  axes t h e  p r i n c i p a l  axes of anisotropy.  
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This  same f a c t ,  t he  noncorrespondence of t h e  t e n s i l e  axes ( t h e  major 

f a b r i c a t i o n  d i r e c t i o n s )  and t h e  p r i n c i p a l  axes of anisotropy, was a l s o  

shown by t h e  p l o t s  o€ t h e  values  of t h e  k ’ s  versus t h e  angle of t h e  

specimen t e n s i l e  axis from one of t h e  major f a b r i c a t i o n  d i r e c t i o n s  

(Figs.  38-41). 
The p o s i t i o n s  and i n t e n s i t i e s  of t he  shee t  d i r e c t i o n  reference axes 

with r e spec t  t o  c rys t a l log raph ic  axes f o r  a number of schedules are shown 

i n  F igs .  50-53 and i n  Appendix V. For Schedule 9, Fig.  50, a l l  t h r e e  of t h e  ’ 

major sheet  d i r e c t i o n s  l i e  on t h e  p r i n c i p a l  axes of anisotropy. The 
i 

experimental value o f  t h e  t r ansve r se  d i r e c t i o n  y i e l d  s t r eng th  f o r  Schedule 9 
i s  55 700 p s i ,  while those ca l cu la t ed  by using (k  

are 54 500 and 55 600 p s i ,  r e spec t ive ly .  

verse  d i r e c t i o n  and r o l l i n g  d i r e c t i o n  reference axes are s p l i t  between t h e  

p o l e s  of t h e  { l O i O }  and { l l ? O }  p lanes .  

(Fig. 5 l ) ,  one o f  t he  r o l l i n g  plane axes shares  a maximum a t  one of  t h e  

c rys t a l log raph ic  p o l e s  with t h e  normal d i r e c t i o n  reference axes, t h e  y i e ld  

s t r eng th  ca l cu la t ions  w i l l  n o t  be v a l i d  because of  t h e  d i f f e rences  i n  

deformation c h a r a c t e r i s t i c s  between t h e  two o r i e n t a t i o n s .  The known s l i p  

system, { l O T O }  <1210>, i n  zirconium cannot operate when t h e  basal po le s  

a r e  p a r a l l e l  t o  t h e  stress axis, and, if no basal s l i p  occurs, a l l  defor-  

mation must be by twinning. Therefore, it i s  obvious t h a t  a very s p e c i a l  

se t  of condi t ions a r e  necessary f o r  t he  pred ic t ion  of p r o p e r t i e s  i n  one 

d i r e c t i o n  from those i n  another d i r e c t i o n .  To circumvent some of t h e  

d i f f i c u l t i e s  he re in  encountered i n  the  y i e l d  s t r eng th  ca l cu la t ions ,  it 
would be necessary t o  f i rs t  ob ta in  t h e  p r e f e r r e d  o r i e n t a t i o n  of t h e  mater ia l  

and thereby allow determination of t h e  o r i e n t a t i o n s  of t h e  mechanical prop- 

e r t y  specimens which could be used t o  check the  y i e l d  s t rength equations.  

1 
/k )I/’ and (k /k ) Y X X Y  YX XY 

It w i l l  be not iced t h a t  t h e  t r a n s -  

I f ,  however, as i n  Schedule 5 

- -  

DATA SUMMARY 

The purpose of  t h i s  s ec t ion  i s  t o  combine, f o r  ease of comparison, 

some of t h e  more p e r t i n e n t  data (from t h i s  r e p o r t  and i n  Metallurgy - of 

Zircaloy-2 P a r t  -- I)l7 f o r  each of t h e  Zircaloy-2 materials produced by t h e  

l7P. L. Rittenhouse and M. L. Picklesimer,  Metallurgy of Zircaloy-2 
P a r t  I 
Mechanical Proper t ies ,  ORNL-2944 (Oct.,  1960)r 

The E f f e c t s  of Fabricat ion Variables on - t he  Anisotropy - of -- - 
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UNCLASSIFIED 
ORNL-LR- DWG 49470 

Fig. 50. The Position and Intensity of Sheet Direction Reference Axes 
with Respect to  Crystallographic Axes. Schedule 9 Zircaloy - 2. 
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UNCLASSIFIED 
ORNL-LR-DWG 49471 

Fig. 51. The Position and Intensity of Sheet Direction Reference Axes with 
Respect t o  Crystallographic Axes, Schedule 5 Zircaloy- 2. 
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UNCLASS I F I ED 
0 R N L-L R- D W G 49 4 72 

Fig. 52. The Position and Intensity of Sheet Direction Reference Axes 
with Respect t o  Crystallographic Axes. Schedule 2 Zircaloy-2. 
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UNCLASSIFIED 
ORNL-LR-DWG 49473 

F ig.  53. The Position and Intensity o f  Sheet  Direction Reference Axes 
with Respect t o  Crystallographic Axes. Schedule 8 Zircaloy- 2. 
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various f ab r i ca t ion  schedules. The maximum and minimum y ie ld  and t e n s i l e  

s t rengths  with the  corresponding k ' s  f o r  each maximum and minimum and f o r  

t h e  major  sheet  d i r ec t ions  a r e  presented i n  semi-tabular form. Also i n -  

cluded a r e  the  major components of t ex tu re  presented 

simple planes.  

Schedule 1 

Max TS '= 77.819 - RD2y k 
1 

= 0.520. Max YS = 64.6 - xv 
Min TS = 72.4 - 45" RD, qZ = 0.312. Min YS = 56.6 - 22-1/2" RD, kcz = 0.324. 

For major sheet  d i r ec t ions :  k 

The major t ex tu re  components a re :  RD - R(2l3O)  = 2.0; TD - R(0001) = 2.3, 

= 0.520, k = 0.773, and. kZx = 0.759. 
XY yx 

~(1120) = 2.3; ND - ~(0001) = 2.1. 

Schedule 2 

as i n t e n s i t i e s  a t  

6 7 - 1 / 2 " ~ ~ ,  kaz = 0.320. 

Max TS = 77.1 and. Max YS = 69.1 - TD, k 

Min Y S  = 56.3 - RD, k 

= 0.692. 
Yx 

= 0.619. Min TS = 74.3 - 45" RD, sz = 0.351. 
Xy 

= 0.580. ND - kZx 
Texture components: RD - R{ ll??O} = 2.0, TD - R{ lOi0) = 1.1, and 

ND - R(0001) = 2.2. 

Schedule 3 
Max YS = 70.2 - TD, k 

Min YS = 61.9 - RD, kXY = 0.700. Min TS = 77.5 - 45" RD, sz = 0.321. 

ND - k = 0.518. 

Texture components: RD - R(2170) = 2.8, TD - R(lOi-0) = 1.3 ,  and 

ND - R(0001) = 4.0. 

= 0.715. Max TS = 81.2 - 22-1/2" RD, kcz = 0.331. 
Yx 

zx 

Schedule 4 
Max TS = 74.5 - 22-1/2" RD, kcz = 0.291. 

Min TS = 72.1 - 67-1/2" RD, kaz = 0.236. 

Texture components: RD - R(2130) = 3.5, TD - R(2170) = 1.5,  and 

Max Y S  = 61.4 - TD, k 

Min YS = 52.2 - RD, k 

= 0.700. 

= 0.665. 
3Tx 

Xy 
= 0.540. ND - kZx 

ND - ~(0001) = 2.5.  

18TS - Tensi le  Strength,  YS - Yield Strength 

l9A11 s t r eng th  values  a r e  i n  u n i t s  of 1000 p s i .  
20 

Direc t ion .  

RD - Roll ing Direct ion,  TD - Transverse Direction, ND - Normal 
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Schedule 5 
RD TS = 80.2 and RD YS = 62.4, k 
TD TS = 79.5 and TD YS = 73.0, k = 0.756. k = 0.570. 
Texture components: RD - R{11?!0) = 3.4, TD - R(0001) = 2.3, and 

ND - R(0001) = 3.1.  

= 0.700. 
Xy 

;yx zx 

Schedule 6 
Max TS = 72.9 - RD, k 

Min TS = 66.8 - 45" RD, kbZ = 0.190. 
k = 0.211. 

= 0.739. Max YS = 62.6 - TD, k = 0.812. 
Xy 3Tx 

Min YS = 54.8 - 22-1/2O RD, 

c z  
= 0.604. ND - k Z x  

Texture components: RD - R(2130) = 2.9 and R{11?0} = 2.8, TD - R(11SO) = 1.9, 
and ND - R(0001) = 3.8. 

Schedule 7 
RD TS = 82.0 and RD YS = 56.0, k 

TD TS = 78.6 and TD YS = 68.4, k 

Texture components: RD - R(1OiO)  = 3 .1  and. R(2130) = 3.0, TD - R(0001) = 2.5, 
and ND - R(0001) = 3.3. 

= 0.707. 
= 0.851, kZx = 0.703. 

X y  

3Tx 

Schedule 8 
Max TS = 68.0 and Max YS = 58.3 - TD, k 

Min TS = 65.3 - 67-1/2" RD, kaz = 0.116. 
k = 0.115. 

For major  sheet d i r e c t i o n s :  k 

Texture components: RD - R(2130) = 2.8 and R(1120)  = 2.7, TD - R(2130) = 2.2, 

and ND - R(0001) = 5.6.  

= 0.884. 
Min YS = 53.7 - 22-1/2O RD, 

3Tx 

= 0.885, kP = 0.884, and kZx = 0.498. 
cz  

X y  

Schedule 9 
RD TS = 68.3 and RD YS = 53.3, k = 0.855. 

X y  

3Tx 
TD YS = 55.7 and TD TS = 67.0, k = 0.888. kZx = 0.573- 
Texture components: RD - R{ll?O} = 2.3, R(2130) = 2.3, TD - R(hkT0) = 1.9, 
and ND - R(0001) = 6.5.  

Schedule 10 

RD TS = 75.0 and RD YS = 57.0, k 

TD TS = 73.5 and. TD YS = 66.6, k 

Texture components: RD - R{ 10iO) = 2.4,  TD - R{ 1010) = 1.8, and 

PJD - R(0001) = 2.11. 

= 0.678. 
= 0.784, kZx = 0.633. 

XY 

Yx 
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Schedule 11 

Max TS = 72.9 and Min YS = 52.1 - RD, k 
Max YS = 62.6 - TD, k 
Min TS = 71.8 - 4-5" RD, kbZ = 0.390. 

k = 0.622. 

= 0.530. 
Xy 

= 0.650. w 

zx 

Schedule 12 

Max TS = 74.7 and Min YS = 52.5 - RD, k 
Min TS = 70.8 - 45" RD, kbZ = 0.298. 
Max YS = 62.7 - TD, k 
k = 0.627. 

Schedule 1.3 
Max TS = 72.9 - 45" RD, \z = 0.267. 
Min TS = 70.9 and Max YS = 59.0 - TD, k 
Min YS = 55.5 - RD, k = 0.735. 
k = 0.508. 

= 0.592. 
X y  

= 0.709. 
Yx 

zx 

= 0.741. 
yx 

Xy 

zx 

Schedule 14 
Min TS = 69.1 and Min YS = 58.6 - TD, k 
Max TS = 75.7 - RD, kxy = 0.544. 
Max YS = 63.6 - 45" RD, kbZ = 0.390. 
kZx = 0.748. 

Schedule 1.5 
Max TS = 74.4 and Min YS = 56.3 - RD, kxy = 0.570. 
Max YS = 65.0 - TD, k 
Min TS = 72.6 - 45" RD, kbZ = 0.386. 

= 0.780. m 

= 0.662. 
3Tx 

k = 0.596. 

Schedule 16 
zx 

Max TS = 73.9 and Min YS = 57.5 - RD, k 
MaxYS = 60.5 andMin TS = 71.7 - 45" RD, kbZ = 0.320. 

k 

= 0.634. 
X y  

= 0.695 and kZx = 0.568. 
3Tx 
Schedule 17 
RD TS = 80.2 and RD YS = 57.2, k 
TD YS = 69.8 and TD TS = 77.4, k 
kZx = 0.627. 

= 0.620. 

= 0.733. 
Xy 

m 
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Schedule 18 
RD TS = 77.6 and RD YS = 54.7, k = 0.531. 
TD Y S  = 69.4 and TD TS = 74.9, kvx = 0.693. 

Xy 

Schedule 62 
RD TS = 75.8 and, RD YS = 55.8, kxy = 0.586. 
TD TS = 74.2 and TD YS = 63.2, k = 0.611. 
Texture components: RD - R(1120)  = 2.5,  TD - R[25" from (OOOl)] = 2.0, 

and ND - R [ 5 "  from (OOOl)] = 3.0.  

w 

Schedule J 

Max TS = 78.1  - TD, k 

Min TS = 74.3 - 45" RD, sz = 0.554. 
Min YS = 52.0 - RD, k 

Max YS = 71.0 - 67-1/2" RD, kaz = 0.625. 
kZx = 0.774. 
Texture components: RD - R(11FO) = 3.5, TD - R(0001) = 5.1, and 

= 0.600. 
yx 

= 0.304. 
XY 

ND - R ( l O i 0 )  = 2.1.  

CONCLUSIONS AND RECOMMENDATIONS 

It i s  un l ike ly  that, with an inherent ly  an iso t ropic  material l i k e  

Zircaloy-2, a t r u e  s ta te  of i so t ropy  can be  reached with any f ab r i ca t ion  

procedure. Anisotropic behavior, however, i s  not  always detrimental ,  and 

i n  many cases  i s  a c t u a l l y  b e n e f i c i a l .  

any material i s  t h e  f a c t o r  which determines whether i so t ropy  o r  a p a r t i c u l a r  

degree of anisotropy i s  t o  be preferred,  no recommendation as t o  t h e  fab-  

r i c a t i o n  schedule which w i l l  y ie ld  Zircaloy-2 of 'u l t imate '  p rope r t i e s  will 

be made. Instead,  conclusions regarding t h e  con t ro l  of anisotropy and t h e  

e f f e c t s  of t h e  f ab r i ca t ion  va r i ab le s  on the  s t a t e  of anisotropy w i l l  be given. 

Since t h e  p a r t i c u l a r  appl ica t ion  of 

A .  Preferred.  Orientat ion of Zircaloy-2 

1. Although considerable d i f fe rences  i n  axis dens i ty  and exact posi-  

t i o n  existed,, t he  d , i s t r ibu t ion  of t h e  reference axes ( the  major sheet  

d i r ec t ions )  with respect  t o  c rys ta l lographic  axes was similar f o r  most of 

t he  schedules s tudied.  
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2.  The p re fe r r ed  o r i en ta t ion  of Zircaloy-2 produced by  the ORNL-HRP 

Metallurgy f ab r i ca t ion  schedule with no c ross  r o l l i n g  (Schedule 62) was weak 

compared t o  t h a t  of most of t he  o ther  schedules inves t iga ted .  

3. A high degree of prefer red  or ien ta t ion ,  with R = 5.5  a t  t he  b a s a l  

poles  f o r  t h e  t ransverse  d i rec t ion ,  was developed when a Zircaloy-2 ingot  

(a f te r  i n i t i a l  lengthening and f l a t t e n i n g  along the  ingot  axis) with t h e  

ingot  axis i n  t h e  t ransverse  d i r ec t ion  was fab r i ca t ed  by  t h e  ORNL-HRP 

Metallurgy schedule (Schedule J ) .  

4. When Zircaloy-2 was fab r i ca t ed  b y  t h e  ORNL-HRP Metallurgy proce- 

dure and t h e  f i n a l  low 01 reduction was a t  90" t o  t h e  major r o l l i n g  d i r e c t i o n  

(Schedule lo), the major e f f e c t  found on t h e  p re fe r r ed  o r i e n t a t i o n  was the 

exclusion of t h e  pole  of t he  b a s a l  plane from t h e  t ransverse  d i r ec t ion .  

5. If the f3 heat treatment used i n  the ORNL-HRP Metallurgy f ab r i ca t ion  

procedure before  t h e  f i n a l  l o w  a reduct ion was replaced by  an a anneal  

(Schedules 8 and 9), a high degree of p re fe r r ed  o r i en ta t ion  was developed 

with b a s a l  poles  i n  t h e  normal d i r ec t ion  and with the {hkiO} poles  evenly 

d i s t r i b u t e d  between t h e  r o l l i n g  and t ransverse  d i r ec t ion  reference axes. 

Thus, a state  of pseudoisotropy, or i so t ropy  only i n  t h e  plane of the p l a t e ,  

ex i s t ed .  

6 .  The e f f e c t  of two versus  one intermediate  f3 hea t  t reatments  

(Schedule 1 versus Schedule 3) on the  p re fe r r ed  o r i en ta t ion  was t o  cause 

a decrease i n  t h e  i n t e n s i t y  of b a s a l  poles  p a r a l l e l  t o  t h e  normal 

d i rec t ion ,  an increase  i n  t h e  i n t e n s i t y  of b a s a l  poles  p a r a l l e l  t o  t h e  

t ransverse d i rec t ion ,  and a decrease i n  {hkiO} pole dens i ty  i n  t h e  r o l l i n g  

d i r ec t ion .  

7. Water quenching in s t ead  of a i r  cooling from two p heat  t reatments  

(Schedule 2 versus  Schedule l), produced a prefer red  or ien ta t ion ,  i n t e r -  
mediate i n  degree of per fec t ion  t o  those produced by a i r  cooling a f t e r  

one and two f3 heat  t reatments  (Schedules 1 and 3),  bu t  with an absence of 

b a s a l  poles  p a r a l l e l  t o  t h e  t ransverse  d i r ec t ion .  

8. 
Schedule 4 )  caused an increase i n  t h e  i n t e n s i t y  of b a s a l  poles  i n  t h e  

normal d i rec t ion ,  a decrease of b a s a l  pole i n t e n s i t y  i n  t h e  t ransverse  

d i rec t ion ,  and an ove r -a l l  increase i n  t h e  per fec t ion  of t he  t e x t u r e .  

A f i n a l  low a reduct ion of 70 versus 25% (Schedule 6 versus  
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9. When a high r a t h e r  than a low a f i n a l  reduct ion temperature was 

used (Schedule 7 versus Schedule 6), t h e  b a s a l  pole  i n t e n s i t y  i n  t h e  t r a n s -  

verse d i r e c t i o n  was increased from R = 0.4 t o  R = 2.5 while t h a t  i n  t h e  

normal d i r e c t i o n  remained approximately constant  at R e 3.5. 

B. S t r a in -S t r a in  Analysis 

1. Zircaloy-2 specimens of c i r c u l a r  c ros s  sec t ion  d i d  no t  neck 

( o r  deform) uniformly when s t r a ined ;  t h e  o r i g i n a l l y  c i r c u l a r  c ros s  sec t ions  

became e l l i p t i c a l  wherever p l a s t i c  s t r a i n  had occurred. 

2. The e l l i p t i c i t y  observed w a s  c h a r a c t e r i s t i c  of  each experimental 

schedule of Zircaloy-2 and var ied with t h e  specimen t e n s i l e  axis i n  each 

schedule. 

3. The n a t u r a l  c o n t r a c t i l e  s t r a i n s  observed f o r  t h e  Zircaloy-2 

t e n s i l e  specimens were l i n e a r  funct ions of t h e  n a t u r a l  axial t e n s i l e  

E ) f o r  a l l  s t r a i n s  > 0.03, t he  k ik  ii s t r a i n  (E = k i j  E and = i j  ii 
values of k and k remaining constant  af ter  t h i s  s t r a i n  was reached. i j  i k  

- - - 

4. Values of k and k can be ca l cu la t ed  from r e l a t i o n s h i p s  involv- 
zx ZY 

k and k thus 
xy’ kxZ’ yx’ YZ’ 

i n g  t h e  experimentally determined values of k 

determining a l l  values necessary f o r  cha rac t e r i za t ion  of t h e  state of 

anisotropy of s t r a i n  by t h e  k o r  s t r a i n - s t r a i n  ana lys i s .  

5. The reference axes f o r  t h e  k o r  s t r a i n - s t r a i n  a n a l y s i s  should be 

those of t h e  p r i n c i p a l  axes o f  anisotropy, not  those of t h e  major f a b r i -  

ca t ion  d i r e c t i o n s .  

6. The dev ia t ion  of t h e  values of t h e  k ’ s  from 0.5, t he  value f o r  an  

i s o t r o p i c  material, m a y  be used as a measure of t h e  degree of anisotropy. 

7. Round, r a t h e r  than sheet-type,  t e n s i l e  specimens must be used i f  

t h e  s t r a i n - s t r a i n  ( k )  a n a l y s i s  i s  t o  be performed. 

6. For Zircaloy-2 produced by t h e  standard s t r a i g h t - r o l l i n g  ORNL-HRF 

Metallurgy f a b r i c a t i o n  schedule, t he  s t r a i n  behavior w a s  i d e n t i c a l  whether 

t he  ingot  axis w a s  i n  t h e  normal d i r e c t i o n  (Schedule 1 2 )  o r  t he  r o l l i n g  

d i r e c t i o n  (Schedule 62)  of t he  f in i shed  p l a t e .  

from the r o l l i n g  d i r e c t i o n  t o  t h e  t r ansve r se  d i r e c t i o n  a f t e r  some degree of 

hot working ( t o  f l a t t e n  and lengthen t h e  i n g o t ) ,  t h e  s t r a i n  behavior was changed 

xppreciably and depended on t h e  degree of reduct ion before  and after the  

a x i s  r o t a t i o n .  

If t h e  ingot  axis was turned 
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9. Increased percent  f i n a l  reduct ion (Schedule 12  versus  Schedule 11 

and Schedules 4, 5, and 6)  above 25% increased t h e  anisotropy of s t r a i n  

behavior, i nc reas ing  both k and k 
XY YX' 

10. Unidirect ional  c ros s  r o l l i n g  at 1000°F af ter  f3 h e a t  t reatment  

(Schedule 10) caused an increase i n  anisotropy (k  

over t h a t  f o r  s t r a i @ t - r o l l e d  ma te r i a l  (Schedule 62) .  
t i o n  of t he  values of t h e  k's f o r  Schedule 10 from those f o r  i so t ropy  

became l a r g e r  i n  both t h e  t r ansve r se  and r o l l i n g  d i r e c t i o n s ,  k and k 
zx =Y 

were approximately t h e  same as those f o r  t h e  s t r a i g h t - r o l l e d  material. 

Cross r o l l i n g  after f3 hea t  treatment by r o t a t i n g  t h e  p l a t e  90" 

and k 
XY 3Tx 

increased)  

While t h e  devia-  

11. 

a f t e r  each pass  had a more s i g n i f i c a n t  e f f e c t  than d i d  u n i d i r e c t i o n a l  

c ros s  r o l l i n g  a f t e r  @ h e a t  treatment.  A state of pseudoisotropy ( i so t ropy  

of s t r a i n  

r o l l i n g .  

d i f f e r e n t  

plane.  

12. 

behavior i n  t h e  r o l l i n g  p l ane )  was produced by r o t a t i o n a l  c ros s  

The s t r a i n  behavior i n  the  r o l l i n g  plane w a s ,  however, q u i t e  

from t h a t  occurring i n  t h e  d i r e c t i o n  normal t o  t h e  r o l l i n g  

Rotat ional  c ros s  r o l l i n g  a t  a temperature i n  t h e  a f i e l d  before  

f3 h e a t  treatment (Schedule 1 4 )  caused an increase i n  anisotropy over t h a t  

f o r  s t r a i g h t - r o l l e d  material (Schedule 11). 

d i f f e rence  i n  t h e  s t r a i n  behavior f o r  t h e  r o l l i n g  d i r e c t i o n s  of t h e  two 

schedules, t h e r e  was a considerable d i f f e rence  i n  t h e  t r ansve r se  and 

normal d i r e c t i o n  s t r a i n  behavior of t h e  two materials. 

Although t h e r e  was l i t t l e  

13. When a Zircaloy-2 ingot,  after i n i t i a l  lengthening along t h e  

ingot  axis, was turned s o  t h a t  t h e  ingo t  axis was i n  t h e  t r ansve r se  

d i r e c t i o n  of t h e  p l a t e  and then f a b r i c a t e d  t o  t h e  O m - H W  Metallurgy sched- 

u l e ,  t h e  c o n t r a c t i l e  s t r a i n  i n  t h e  normal d i r e c t i o n  f o r  a long i tud ina l  t e n -  

s i l e  specimen w a s  g r e a t e r  than t h e  c o n t r a c t i l e  s t r a i n  i n  t h e  t r ansve r se  

d i r e c t i o n .  Only f o r  t h i s  material, Schedule J, was t h i s  observed. If, 

however, considerable reduct ion (from l=i-in.-diam ingo t  t o  4- in .  slab) 

w a s  done before ingo t  axis r o t a t i o n  (Schedule 18), t h e  s t r a i n  behavior i n  
t h e  long i tud ina l  d i r e c t i o n  approached i s o t r o p i c  behavior (k  xy - k xz - - 0.5). 

The e f f e c t  of r o t a t i o n a l  c ros s  r o l l i n g  versus  s t r a i g h t  r o l l i n g  a t  

a temperature i n  t h e  f3 f i e l d  before  f3 h e a t  t reatment  and f i n a l  low a re- 

duct ion (Schedule 16 versus Schedule 15) was t o  increase s l i g h t l y  t h e  de- 

v i a t i o n  of t h e  values of t h e  k's from t h e  i s o t r o p i c  value (0.5) i n  t h e  

plane of t h e  p l a t e  and t o  increase t h e  degree of pseudoisotropy. 

14. 
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1.5. When t h e  f i n a l  a reduct ion s t e p  was not preceded by a B heat  
treatment (Schedules 8 and 9) ,  t he  s t r a i n  behavior i n  any d i r ec t ion  i n  the  

r o l l i n g  plane was i s o t r o p i c  but  qu i t e  d i f f e r e n t  from t h a t  i n  t h e  normal 

d i r ec t ion .  A s t a t e  of pseudoisotropy ex is ted .  

16. The s t r a i n  behavior of Schedules 1 and 2 was cons is ten t  with 
the  pole f i g u r e s  f o r  t hese  mater ia l s ,  bu t  it did not expla in  the d i f f e r -  

ences which ex is ted  between these  mater ia l s ,  which d i f f e r e d  from one 

another  only i n  the  r a t e  of quench from t h e  B heat  treatment temperature. 

17. Decreasing t h e  number of p heat  t reatments  before  f i n a l  low a 
reduction from two (Schedule 1) t o  one (Schedule 3) caused a s h i f t  i n  t he  

plane of pseudoisotropy from t h e  transverse-normal plane (Schedule 1) 

t o  t he  t ransverse- longi tudina l  plane (Schedule 3 ) .  
18. Examination of t h e  values  of t he  k's for specimens with t e n s i l e  

a x i s  o r i en ta t ions  intermediate  t o  %he r o l l i n g  and t ransverse  d i r ec t ions  

shows t h a t  t he  major sheet  f ab r i ca t ion  d i r ec t ions  a r e  not necessa r i ly  

the  p r i n c i p a l  axes of anisotropy.  

1.9. There i s  l i t t l e ,  i f  any, e f f e c t  of increased temperature of  

t e s t i n g  (room temperature t o  572°F) on the  s t r a i n  behavior of Zircaloy-2 

except f o r  t h e  expected increase  i n  the  amount of t o t a l  s t r a i n .  

20. A simple q u a l i t a t i v e  r e l a t ionsh ip  between t h e  inverse pole  

f igu res  and the  s t r a i n - s t r a i n  analyses  e x i s t s  which allows predic t ion  of 

t he  major f ea tu res  of e i t h e r  one from a knowledge of t h e  o ther .  

21. Approximate t r u e  s t r e s s - t r u e  s t r a i n  diagrams f o r  Zircaloy-2 

fabr ica ted  t o  var ious schedules can be correlated,  bu t  only q u a l i t a t i v e l y  

so, with the  values  of t he  k ' s  for each mater ia l .  
ii 
I 
ii 

22. Although. t h e  p o s s i b i l i t y  e x i s t s  f o r  t h e  pred ic t ion  of mechanical 

p rope r t i e s  i n  one d i r e c t i o n  from a knowledge of' t h e  p rope r t i e s  i n  another  

d i r ec t ion  and t h e  values  of t he  k ' s  f o r  bo th  d i rec t ions ,  it may be r ea l i zed  

only when a very s p e c i a l  se t  of condi t ions a r e  met ( the  p r i n c i p a l  axes of 

anisotropy coincide with t h e  reference axes ) .  

A number of very i n t e r e s t i n g  and important problems f o r  f u r t h e r  study 

a r e  suggested from t h e  r e s u l t s  of t h e  present  inves t iga t ion :  

1. The an iso t ropy  of s t r a i n  behavior found i n  Zircaloy-2 p l a t e  and 

sheet  has also been seen i n  Zircaloy-2 and CI t i tanium rod and has been 

observed t o  vary from t h e  center  t o  the  surface of t h e  rod. Since one of 

t he  p r i n c i p a l  uses of Zircaloy-2 i s  as tubing,  t he re  i s  a need t o  extend t h e  

s tudy of the  e f f e c t s  of f ab r i ca t ion  va r i ab le s  on anisotropy t o  rod and 

tube products .  
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2 .  It i s  be l ieved  t h a t  t h e  anisotropy which i s  observed with un iax ia l  

loading will become an even more ser ious  considerat ion when mul t i ax ia l  

loads a r e  appl ied .  

Zircaloy-2 (and o the r  an i so t rop ic  meta ls )  under condi t ions of  m u l t i a x i a l  

loading i s  a necess i ty .  

The obtent ion of information on t h e  behavior of 

3. The p o s s i b i l i t y  of t h e  p red ic t ion  of a t e n s i l e  proper ty  from t h e  

s t r a i n - s t r a i n  ana lys i s  has been presented.  

might be accomplished by  use of e i t h e r  s ing le  c r y s t a l  o r  po lyc rys t a l l i ne  

mater ia l s  of known prefer red  o r i en ta t ion .  Because of t h e  d i f f i c u l t y  i n  

obtaining s ing le  c r y s t a l s  of Zircaloy-2, it would probably be b e s t  t o  cut  

mechanical property specimens with t e n s i l e  axes p a r a l l e l  t o  t h e  p r i n c i p a l  

axes of anisotropy found by a pre fe r r ed  o r i e n t a t i o n  determination. 

4 .  O f  more fundamental i n t e r e s t  would be t h e  determination of t h e  

s t r a i n - s t r a i n  and s t r eng th  p rope r t i e s  of s ing le  c r y s t a l s  of iod ide  z i r -  

conium, iodide t i tanium, or other  an i so t rop ic  pure metals  whose deformation 

systems a r e  wel l  e s t ab l i shed  and of which s ing le  c r y s t a l s  of reasonable 

s i z e  can be obtained. 

A t e s t  of t h i s  p o s s i b i l i t y  

5. A l o g i c a l  extension of t he  inves t iga t ion  would be t o  use s ing le  

c r y s t a l s  t o  determine t h e  e f f e c t s  of impur i t ies  and a l loy ing  add i t ions  

on t h e  deformation systems and on t h e  r e s u l t i n g  an iso t ropy .  

It i s  hoped t h a t  t h i s  i nves t iga t ion  has shown the  importance of an 

awareness of  t he  misconceptions and mis in t e rp re t a t ions  which can a r i s e  i n  

t h e  ana lys i s  of an i so t rop ic  ma te r i a l s  by t h e  common o r  conventional 

mechanical property t e s t i n g  techniques,  and t h a t  it has shed some l i g h t  

on the  p l a s t i c  flow of an i so t rop ic  meta ls .  The importance of t h e  e f f e c t s  

of f a b r i c a t i o n  va r i ab le s  on t h e  r e s u l t i n g  p re fe r r ed  o r i e n t s t i o n  and aniso-  

t ropy  of mechanical p rope r t i e s  has been demonstrated, and it i s  t r u s t e d  

t h a t  t he  r e s u l t s  of t h e  inves t iga t ion  w i l l  serve t o  a l e r t  those concerned 

i n  the  production and use of Zircaloy-2, o r  o the r  an i so t rop ic  ma te r i a l s ,  

t o  t he  problems which e x i s t  and which must be considered, e s p e c i a l l y  so  

where mul t i ax ia l  loading w i l l  be experienced. 
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APPENDIX I - 

Deta i l s  of the Zircaloy-2 Experimental 

Fabr i  ca t  ion  Schedule s 
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21 Experimental Schedules 

Schedule 1 - Two Intermediate  @ Heat Treatments, A i r  Cooled 

1. 

2. 

3. 
4. 
5.  
6. 
7. 
8. 

Forged from 4- in .  diam t o  1 - in .  p l a t e  from 1950°F 

Annealed 30 min a t  1 8 3 2 " ~ ,  a i r  cooled 

Rolled t o  1/2 i n .  a t  1000°F 

As (2) 

A s  (2 )  

Rolled t o  11/32 i n .  a t  1000°F 

Rolled t o  1/4 i n .  a t  1000°F 

Annealed 30 rnin a t  1425"F, a i r  cooled 

1. 

2 .  

3. 
4 .  
5 .  
6. 
7. 
8. 

Forged from &-in .  diam t o  1 - in .  p l a t e  from 1950°F 

Annealed 30 rnin a t  1 8 3 2 " ~ ,  water quenched 

Rolled t o  1/2 i n .  a t  1000°F 

A s  (2) 

A s  (2) 

Rolled t o  11/32 i n .  a t  1000°F 

Rolled t o  1/4 i n .  a t  1000°F 

Annealed 30 min a t  1425"F, a i r  cooled 

Schedule 3 - One Intermediate  f3 Heat Treatment 

1. 

2.  Annealed 30 min a t  1 8 3 2 " ~ ~  a i r  cooled. 

3. 
4 .  A s  (2 )  

5.  
6. Annealed 30 min a t  1425"F, a i r  cooled 

Forged. from &-in .  d i a m  t o  1 - in .  p l a t e  from 1950°F 

Rolled t o  11/32 i n .  a t  1000°F 

Rolled t o  1/4 i n .  a t  1000°F 

21Schedules 1-10: A l l  1 - i n .  p l a t e  machined. on b o t h  su r faces  t o  13/16 i n .  
before  f u r t h e r  f a b r i c a t i o n  t o  remove forg ing  de fec t s  and oxygen-contaminated 
sur face  l a y e r .  
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Schedule 4 - B Reduction Plus 25% Low Q Reduction 

1. 

2 .  Forged t o  1 i n .  a t  1475°F 

3. Annealed 30 min a t  1 8 3 2 " ~ ,  a i r  cooled 

4. 

Forged from 4- in .  d i m  t o  1-3/4-in.  p l a t e  from 1950°F 

Rolled. t o  11/32 i n .  a t  1 8 3 2 " ~  

5. A s  ( 2 )  

6. 

7. 

Rolled t o  1/4 i n .  a t  1000°F 

Annealed 30 min a t  1425OF, a i r  cooled. 

Schedule 5 - f3 Reduction Plus 50% Low a Reduction 

1. Forged from 4-in.  diam t o  1 - in .  p l a t e  from 1950°F 

2.  

3. Annealed 30 min a t  1832O~,  a i r  cooled 

4. 
5.  

Rolled t o  1/2 i n .  a t  1 8 3 2 " ~  

Rolled t o  1/4 i n .  a t  1000°F 

Annealed 30 min a t  1425"F, a i r  cooled 

Schedule 6 - @ Reduction Plus 70% Low a Reduction 

1. Forged from b i n .  diam t o  1 - in .  p l a t e  from 1950°F 

2 .  Annealed 30 min a t  1832O~, a i r  cooled 

3. 
4 .  Annealed 30 min a t  1425"F, a i r  cooled. 

Rolled t o  1/4 i n .  a t  1000°F 

Schedule 7 - @ Reduction Plus High a Reduction 

1. Forged from b i n .  diam t o  1 - in .  p l a t e  from 1950°F 

2 .  Annealed 30 min a t  1832O~,  a i r  cooled 

3. 
4 .  

Rol led t o  1/4 i n .  a t  1475°F 

Annealed 30 min a t  1425"F, a i r  cooled 

Schedule 8 - a Worked., 70% Low a 

1. 

2.  Forged. t o  1 i n .  a t  1475°F 

3. 
4 .  
5.  Annealed 30 min a t  1425"F, a i r  cooled. 

Forged from 4-in.  d.iam t o  1-3/4-in.  p l a t e  from 1950°F 

Annealed. 30 min a t  1475"F, a i r  cooled. 

Rolled t o  1/4 i n .  a t  1000°F 
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Schedule 9 - a Worked., 50% Low a 

1. 

2 .  Forged t o  1 i n .  a t  1475°F 

3. 
4. 
5 .  
6. 

Forged from 4 - in .  d.iam t o  1-3/4- in .  p l a t e  from 1950°F 

Rolled t o  1/2 i n .  a t  1475°F 

Annealed 30 min a t  1475"F, a i r  cooled 

Rolled t o  1/4 i n .  a t  1000°F 

Annealed 30 rnin a t  1425"F, a i r  cooled 

Schedule 10 - Cross R o l l e d . A f t e r  f3 Heat Treatment 

1. 

2.  

3. 
4. 
5. 
6. 
7. 

Forged from 4 - in .  d i m  t o  1-3/4-in.  p l a t e  from 1950°F 

Forged t o  1 i n .  a t  1475°F 

Annealed 45 min a t  1 8 3 2 " ~ ,  water quenched 

Rolled t o  1/2 i n .  a t  1400°F 

Annealed 30 min a t  1 8 3 2 " ~ ,  water quenched 

Cross r o l l e d  t o  9/32 i n .  a t  1000°F 

Annealed 30 rnin a t  1425"F, a i r  cooled 

Schedule 11 - HEP Commercial Fabr i ca t ion  Procedure - 25% F i n a l  Reduction 

1. 

2 .  

3. Annealed 30 min a t  1 8 5 0 " ~ ,  a i r  cooled 

4. 
5. Annealed 30 min a t  1425"F, a i r  cooled. 

Rolled from 1-1/2-in.  ingot  s l i c e  t o  3/4 i n .  from 1900°F 

Rolled t o  3/8 i n .  a t  1450°F 

Rolled to 9/32 i n .  a t  1000°F 

Schedule 12 - Modified HRP Commercial Fabr i ca t ion  Procedure - 40% F i n a l  
Reduction 

1. 

2.  

3. Annealed 30 min a t  1850°F, a i r  cooled 

4. 
5 .  

Rol led from 1-1/2-in.  i ngo t  s l i c e  t o  3/4 i n .  from 1900°F 

Rolled t o  15/32 i n .  a t  1450°F 

Rolled t o  9/32 i n .  a t  1000°F 

Annealed 30 min a t  1425'F 
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Schedule 13  - Cross Rolled A f t e r  p Heat Treatment 

1. 

2 .  

3 .  Annealed 30 rnin a t  1850"~, a i r  cooled 

4. 

Rolled from 1-1/2-in. ingot  s l i c e  t o  3/4 i n .  from 1900°F 

Rolled t o  15/32 i n .  a t  1450°F 

Rolled to 9/32 i n .  a t  1000°F, t u rn ing  p l a t e  90" a f t e r  each pass  
( f i rs t  and last  passes  i n  c ros s - ro l l i ng  d . i rec t ion)  

Annealed 30 rnin a t  1425"F, a i r  cooled 5. 

Schedule 14 - Cross Rolled. During High a Reduction 

1. 

2.  

3. Annealed 30 min a t  1 8 5 0 " ~ ,  a i r  cooled 

4 .  
5 .  

Rolled from 1-1/2-in. ingot  s l i c e  t o  3/4 i n .  from 1900°F 

Rolled t o  3 / 8  i n .  a t  1450°F, t u r n i n g  p l a t e  90" after each pass  

Rolled t o  9/32 i n .  a t  1000°F i n  o r i g i n a l  r o l l i n g  d i r e c t i o n  

Annealed 30 min a t  1425"F, a i r  cooled 

Schedule 1.5 - Straight-Rolled p Reduction 

1. 

2.  Annealed. 30 m i n  a t  1 8 5 0 " ~ ,  a i r  cooled 

3. 
4 .  

Rolled. from 1-1/2-in. ingot  s l i c e  to 3/8 i n .  from 1900°F 

Rolled t o  9/32 i n .  a t  1000°F 

Annealed 30 min a t  1425"F, a i r  cooled 

Schedule 16 - Cross-Rolled f3 Reduction 

1. Rolled from 1-1/2-in. i ngo t  s l i c e  to 3/8 i n .  from l9OO"F, t u rn ing  
p l a t e  90" a f t e r  each pass  

2. Annealed 30 min a t  1850"~, a i r  cooled 

3. 
4. Annealed 30 rnin a t  1425"F, a i r  cooled 

Rolled t o  9/32 i n .  at 1000°F i n  o r i g i n a l  d i r e c t i o n  of r o l l i n g  
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Commercially Fabricated Schedules 

Schedule 17 - HRP Commercial Fabr ica t ion  Procedure (Jessop S t e e l  Company) 

1. Rolled. from l2-in.-diam ingot  t o  b i n .  slab from 1 8 5 0 " ~  

2 .  

3. 
4, Annealed 45 rnin a t  1 8 5 0 " ~ ,  water-spray quench 

5 .  
6. 

Rolled. t o  3/4 i n .  a t  1800°F 

Rolled t o  27/64 i n .  a t  1450°F 

Rolled t o  9/32 i n .  a t  1100°F 

Annealed 30 min a t  1425"F, a i r  cooled 

Schedule 18 - Hxp Commercial Fabr i ca t ion  Procedure f o r  wide P l a t e  
(Jessop S t e e l  Company) 

1. Rolled from l2-in.-diam ingot  t o  4- in .  slab a t  1 8 5 0 " ~  

2 .  Slab turned, and r o l l e d  t o  7/8 i n .  a t  1 8 0 0 " ~  ( ingot  axis i n  
t r ansve r se  d i r e c t i o n )  

Rol led t o  25/32 i n .  a t  1450°F 

Annealed 45 rnin a t  1 8 5 0 " ~ ,  water-spray quench 

Rolled t o  1/2 i n .  a t  1100°F 

Annealed 30 min a t  1425"F, a i r  cooled 

3. 
4. 
5 .  
6. 

Schedule 62 - HRP Commercial Fabr ica t ion  Procedure (Item 62 - 
Allegheny-Ludlum S t e e l  Company) 

1. Rolled from 12-in.-diam ingot  t o  1 - in .  p l a t e  a t  1900°F 

2 .  

3. Annealed 30 rnin a t  1 8 3 2 " ~ ,  a i r  cooled 

4. 
5. Annealed 30 rnin a t  1425"F, a i r  cooled 

Rolled t o  5/16 i n .  a t  1450°F 

Rolled t o  1/4 i n .  a t  1000°F 

Schedule J - HRP Commercial Fabr ica t ion  Procedure f o r  Wide P l a t e  
( Jessop  S t e e l  Company) 

1. Rolled from 12-in.-diam b y  38-in.-long ingo t  t o  52 i n .  long 
a t  1 8 5 0 " ~  

Slab turned  and r o l l e d  t o  3/4 i n .  a t  1 8 5 0 " ~  ( ingo t  axis i n  
t r ansve r se  d i r e  c t  i on ) 
Rolled t o  7/16 i n .  a t  1450°F 

2 .  

3. 
4 .  Annealed 30 min a t  1 8 3 2 " ~ ,  water-spray quench 

5.  
6. 

Rolled t o  5/16 i n .  a t  1000°F 

Annealed 30 min a t  1425"F, a i r  cooled 
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APPENDIX I1 - 

Calculation of p and r 
B 
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Calculat ion of p and. r B 

The equation of t he  e l l i p s e  i n  F ig .  54 i s  

2 2  

2 
- X + Y = l  
b2 a 

a n d , t h e  equation of t h e  tangent t o  t h e  e l l i p s e  i s  

y = m x +  7K2 
where a = major axis of t h e  e l l i p s e  

b = minor axis of t h e  e l l i p s e  

m = slope of t he  tangent t o  the  e l l i p s e .  

Subs t i t u t ing  f o r  y from Eq. 17 i n  Eq. 16 

c 

x2 (mx + ‘m%2+a2) = 1  
2 

+ - 
b2 a 

Expanding and solving for x 

- mb2 x = +  
m%*+a2 

Subs t i t u t ing  for x from Eq. 19 i n  Eq. 17 

a 2 v m % 2 + a 2  

mS2+a2 
y = f  

The tangent of t h e  angle f3 i s  

X t a n  B = - 
Y 

and s u b s t i t u t i n g  from Eqs. 1.9 and. 20 

3 
mb 
2 a 

t a n  f3 = - - 
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UNCLASSIFIED 
ORNL- L R -  DWG 49422 

U 

b 
8 
P 
5 
‘a 

Fig. 

=MAJOR AXIS OF E L L I P S E  

= MINOR AXIS OF ELLIPSE 

= ANGLE OF ROTATION OF SPECIMEN 

= A N G L E  OF TANGENT POINT 

= MEASURED RADIUS 

= T R U E  RADIUS AT P 

b 

54. Dimensions Involved in the Ellipticity Calculations. 

%\, 

54. Dimensions Involved in the Ellipticity Calculations. 
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Since m = ( - t a n  e )  
8 = Angle of r o t a t i o n  of t h e  specimen 

2 b t a n  8 
2 a 

t a n  B = 

Solving f o r  r i n  terms of r 8, and p B 0’ 

8, re’ a, and b a r e  measured d . i r ec t ly  on t h e  specimen so t h a t  

p and r may be ca l cu la t ed  by E q s .  25 and 26. B 
Proof of t h e  e l l i p t i c i t y  of t h e  t e n s i l e  specimens a f t e r  p l a s t i c  

ca l cu la t ed  by Eq. 26 on a s t r a i n  i s  obtained by p l o t t i n g  values  of r 

po la r  p l o t  of t h e  per imeter  of a t r u e  e l l i p s e  having as major and minor 

axes those measured on the  t e n s i l e  specimen. 

i n . F i g s .  2 and 3 i n  t h e  body of t h e  r epor t .  

B 

Such p l o t s  a r e  presented 

2 2  2 2  a s i n  0 + b cos 8 
r =  

r -  - -\r 
‘ a  - s in2  e + cos2 Q 

b2 
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TABLE V I  

CALCULATION OF B AND r FOR SPECIMEN 2-31. AT THE FRACTLTRE 

2 2  

B 

a = 0.0488 i n . ,  b = 0.0416 i n . ,  b /a = 0.7252 

e r e tan 0 

0 
5 
10 
1.5 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
12 5 
130 
135 
140 
145 
150 
155 
160 
165 
1-70 
175 
180 

0.0488 
0.0488 
0.0487 
0.0483 
0.0482 
0.0479 
0.0475 

0.0464 

0.0452 
0.0442 
0.0437 
0.0433 
0.0428 
0.0424 
0.0420 

0.0419 
0.0422 
0.0428 
0.0429 
0.0432 
0.0435 
0.0437 
0.0443 
0.0450 

0.0469 

0.0456 

0.0416 

0.0456 
0.0460 

0.0468 
0.0464 

0.0472 
0.0476 
0.0482 
0.0484 
0.0486 
0.0488 

0.00000 
0.08749 
0.17633 
0.26795 
0 - 36397 
0.46631 
0.57735 
0.70021. 
0.83910 
1.00000 
1.1918 
1.4281 
1.7321 
2.1445 
2 - 7475 
3 * 7321 
5 * 6713 
11.430 

11.430 
00 

5.6713 
3 * 7321 
2 7475 
2.1445 

1.1918 
1.00000 
0.83910 
0.70021. 
0.57735 
0.46631 
0 * 36397 
0 - 26795 
0.1-7633 
0.08749 
0.00000 

0.00000 
0.06345 
0.12787 
0.19431 
0.26395 
0.33820 
0.41868 
0.50781 
0.60849 
0.72520 
0.86426 
1.0357 
1.2561 
1.5552 
1.9980 
2.7065 
4.1127 
8.2889 

8.2889 
4.1127 

1.9980 
1.5552 

1.0357 
0.86426 
0.72520 
0.60849 

0.41868 

m 

2.7065 

1.2561 

0.50781 

0.33820 
0.26395 
0.19431 
0.12787 
0.06345 
0.00000 

0 
3-38 
7-17 
11-0 
14-47 
18 - 41 
22-43 
26-55 
31-19 
35-57 
40-50 
46-1 
51-29 
57-16 
63-25 
69-43 
76-20 
83-7 
90 
96-53 

110-17 
116-35 

128-31 

103-40 

122-44 

134-0 

144-3 
148-41 
1-53-5 
157-17 
161-19 
165-13 
169-0 

176-22 
180 

139-10 

172-43 

0 
1-22 
2-43 
4-0 
5-13 
6-19 
7-17 
8- 5 
8-41 
9- 3 
9-10 
9-0 
8-31 
7-44 
6- 35 
5 -17 
3-40 
1-53 
0 
1-53 
3-40 
5-17 
6- 35 
7-44 
8-31 
9-0 
9-10 
9- 3 
8-41 
8-5 
7-17 
6-19 
5-13 
4-0 
2-43 
1-22 
0 

1.00000 
0.99972 
0.99888 
0 * 99756 
0 - 99586 
0.99393 
0.99193 
0.99006 
0.98854 
0.98755 
0.9872 3 
0.98769 
0 * 98897 
0 * 99091 
0 - 99341. 
0.99575 
0.99795 
0 * 99946 
1.00000 
0 * 99946 
0 * 99795 
0 - 99575 
0 - 99341. 
0 - 99091 
0 98897 
0 * 98769 
0.98723 
0.98755 
0.98854 
0.99006 
0 * 99193 
0.99393 
0 - 99586 
0 * 99756 
0.99888 
0 - 99972 
1.00000 

0.0488 
0.0488 
0.0488 
0.0484 
0.0484 
0.0482 
0.0479 
0.0474 
0.0470 

0.0458 
0.0448 
0.0442 
0.0438 
0.0430 

0.0421 

0.0419 
0.0422 
0.0428 
0.0431 
0.0435 
0.0439 
0.0442 

0.0462 

0.0426 

0.0416 

0.0448 
0.0456 
0.0462 
0.0466 
0.0468 
0.0472 
0.0475 
0.0478 
0.0483 
0.0484 

0.0488 
0.0486 
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TABU VI1 

CALCULATION OF re OF TRUE ELLIPSE - SPECIMEN 2-31 

a = 0.0488 in. a2 = 0.00238 a2/b2 = 1.380 

b = 0.0416 in. b2 = 0.00172 

e a2/b2 sbn2 e r e cos2 e sin2 8 a2/b2 sin2 8 + cos 8 a2/( 5)  

0 1.00000 
io 0.96985 
20 0.88302 
30 0.75000 
40 0.58682 
50 0.41318 
60 0.25000 
70 0.11698 

90 o.ooooo 
80 0.03015 

0.00000 
0.03015 
0.11698 
0.25000 

0.58682 

0.88302 
0 * 96985 
1.00000 

0.41318 

0.75000 

0.00000 
0.04161 
0.16143 

0.80981 

1.21857 

0.34500 
0.57019 

1.03501 

1.33839 
1.38000 

1.00000 
1.01146 
1.04445 
1.09501 
1.15701 
1.22299 
1.28501 
1.33555 
1.36854 
1.38000 

0.00238 
0.00235 
0.00228 
0.00220 
0.00205 
0.00196 

0.00178 
0.00185 

0.00173 
0.00173 

0.0488 
0.0485 
0.0477 

0.0453 
0.0442 
0.0430 
0.0422 

0.0469 

0.0416 
0.0416 
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APPENDIX I11 

Stra in-St ra in  Curve Showing the  Progression of t he  k's Toward 

A Constant Value a t  Low S t r a ins  - Schedule J 

. 
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APPENDIX IV 

Calculation of k and k 
zx ZY 
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The y i e l d  c r i t e r i o n  f o r  an iso t ropic  ma te r i a l s  given by  has  the 

= 1  2 
Xy 

+ ~ L T  + ~ M T ~ ~ ~  + 2Nt 
Y Z  

F, G, H, L, M, and N a r e  constants  c h a r a c t e r i s t i c  of t h e  state of 

anisotropy.  

The equations r e l a t i n g  t h e  components of t h e  strain-increment 

tensor  t o  t he  stress components are: 

I n  pure tens ion  p a r a l l e l  t o  t he  p r i n c i p a l  x axis of anisotropy, 

t h e  incremental  s t r a i n s  a t  a c e r t a i n  s tage are, with appropriate  changes 

i n  subscr ip t  notat ion,  

Similar ly ,  f o r  tens ion  p a r a l l e l  t o  the y and. z p r i n c i p a l  axes of 

a n i  sotropy 

Since 

*%. H i l l ,  "A Theory of the Yielding and. P l a s t i c  Flow of 
Anisotropic  Metals," Proc. Roy. Soc., (London) Ser .  A, - 193, pp. 281-297 - - - -  
( 1948) . 
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- 
:k d- :k d', = (G + H):-H:-G dExx xy xx xz 

o r  

1:k :k  = (G + H):-H:-G xy xz 

S imi la r ly  

l : k  :k = (H + F):-F:-H 
YZ Yx 

l:kzx: k = (F + G): -G: -F 
ZY 

Then 

zx k k k 

H k  F k  
- -  - -  - -  H 

G k  
_ -  xy E -  Y Z  G 

Yx Z Y  xz 

but  

G F H 
G H F x - = 1  x -  - 

so t h a t  

zx k k k - Y= 
k k k x - = 1  w x -  

xz 3rx ZY 

kxy kyz k Z x  = 1  k k k  
xz yx Z Y  

( 3 7 )  

(38) 

( 3 9 )  

(43) 

(44) 



- 110 - 

APPENDIX V 

The Pos i t ions  and I n t e n s i t i e s  of the  Sheet Direct ion 

Reference Axes with Respect to 

Crystal lographic  Axes 
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UNCLASSIFIED 
OR N L- LR -D W G 4 94 76 

Fig.  56. The Position and In tens i ty  o f  Sheet Direction Reference Axes 
with Respect to  Crystallographic Axes. Schedule 10 Zircaloy-2.  
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UNC LASS1 FIE D 
ORNL- LR- DWG 49477 

Fig.  57. The Posi t ion and In tens i t y  o f  Sheet Di rect ion Reference Axes 
w i th  Respect t o  Crystal lographic Axes. Schedule J Z i rca loy-2.  



. 

. 
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UNCLASSIFIED 
ORNL-LR- DWG 49478 

Fig.  58. The Posit ion and In tens i ty  of Sheet Direct ion Reference Axes 
with Respect t o  Crystallographic Axes. Schedule 3 Zircaloy- 2. 

\ / 
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UNCLASSIFIED 
ORNL-LR-DWG 49479 

. 

Fig. 59. The Position and Intensity of Sheet Direction Reference Axes 
with Respect t o  Crystallographic Axes. Schedule 4 Zircaloy - 2. 
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UNCLASSIFIED 
ORNL-LR-DWG 49480 

- 5"- 

Fig. 60. The Position and In tens i t y  of  Sheet Direction Reference Axes 
with Respect t o  Crystallographic Axes. Schedule 6 Zircaloy-2.  
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UNCLASSIFIED 
ORNL-LR -DWG 49484 

Fig.  61. The  Posi t ion and In tens i t y  o f  Sheet D i rec t i on  Reference Axes  
wi th  Respect  t o  Crysta l lographic  Axes, Schedule 7 Z i rca loy  -2. 
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APPENDIX VI 

. 

Experimental Data f o r  Strain-Strain Calculations 
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Legend for Schedules 1-18, 62, and J 

a: S - Short ha l f  of f r a c t u r e d , t e n s i l e  specimen. 

L - Long ha l f  of  f r a c t u r e d  t e n s i l e  specimen. 

b: RD - Roll ing d i r e c t i o n .  

TD - Transverse d i r e c t i o n .  

22.5" - 22.5' f rom RD. 

45" - 45" from RD. 

67.5" - 67.5" from RD. 

e: Or ig ina l  diameter of t e n s i l e  specimen. 

d.: Measured. specimen th ickness  i n  the  normal d . i rect ion t o  t h e  r o l l i n g  

plane.  

s ec t ion .  

2a i s  normally the  major a x i s  of t he  e l l i p s e  of c ross  

e: Measured specimen thickness  i n  t h e  plane of t h e  p l a t e  90" from 2a. 

2b i s  normally t h e  minor a x i s  of t h e  e l l i p s e  of c ross  sec t ion .  

f :  Natural  a x i a l  t e n s i l e  s t r a i n .  

g: Natural  c o n t r a c t i l e  s t r a i n  i n  t h e  plane of t h e  p l a t e .  

h: Natural  c o n t r a c t i l e  s t r a i n  i n  t h e  normal d i r e c t i o n  t o  t h e  r o l l i n g  

plane.  



I a . I I . 

s c m u  1 

Distance 

h - - P 
Tensile Axis from C e Reduction - 

1 €2 E3 
E 

Specimen and Test Break Do 2 a  a 2b a Number Temperatureb ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

1-1 s Break 0.125 0.1027 0.0649 
0.0625 0.1146 0.0917 
0.1250 0.1187 0.1026 
0.2500 0.1208 0.1092 
0.3750 0.1211 0.1112 
0.5000 0.1217 0.1125 

0.5734 
0.3274 

0.1558 
0.2206 

0.1382 
0.1238 

0,8526 
0.3968 
0,2502 
0.1694 

-0.6560 
-0.3100 
-0.1985 
-0.1352 

- 
- 

-0.1966 
-0.0868 
-0.0517 
-0.0342 

TD 

1-1 L Room 
Temp. 

Break 0.125 0.1058 0.0700 
0.0625 0.1158 0.0948 
0.1250 0.1186 0.1044 
0.2500 0.1206 0.1117 
0.3750 0.1215 0.1147 
0.5000 0.1219 0.1161 

0.5260 

0.2076 

0.1081 

0.2974 

0.1379 

0.0942 

0.7471 
0.3532 
0.2318 
0.1483 
0.114k 
0.0989 

-0.5801 
-0.2768 
-0.1801 
-0.1125 
-0.0860 
-0.0738 

-0.1670 

-0.0517 
-0.0368 
-0.02811 
-0.0251 

-0,0764 

1-2 L Break 0.121 0.1036 0.0717 
0.0625 0.1121 0.0927 
0.1250 0.1151 0.1015 
0.2500 0.1178 0.1101 
0 * 3750 0.1183 0.1131 
0.5000 0.1191 0.1148 

0.4-927 
0.2902 
0.2021 
0.1142 
0.0862 
0.0661 

0.6794 
0.3421 
0.2357 
0.1213 
0.0900 
0.0684 

-0.5240 
-0.2667 

-0.0674 
-0.0526 

-0.1857 
-0.0944 

-0.1554 
-0.0754 
-0.0500 
-0.0269 
-0.0226 
-0.0158 TD 

Break 0.121 0.1026 0.0691 

0.1250 0.1149 0.0993 

0 - 3'750 0.1174 0.1069 

0.0625 0.1123 0.0914 

0.2500 0.1165 0.1041 

0.5000 0.1186 0.1108 

1-2 s Room 
Temp. 

0.5158 
0.2989 
0.2207 

0.1025 

0.1717 
0.1428 

0.7256 
0.3554 

0.1885 

0.1080 

0.2494 

0.1551 

-0.5604 
-0.2808 
-0.1978 
-0.1506 
-0.1241 
-0.0880 

-0,1652 
-0.0746 
-0.0516 
-0.0379 
-0.0310 
-0.0200 

1-4 L Break 0.123 0.0997 0.0771 

0.1250 0.1148 0.1041 
0.0625 0.1113 0.0963 

0.2500 0.1175 0.1092 
0.3750 0 ' 1192 0.1132 
0.5000 0.1200 0.1153 

0.4919 
0.2916 
0.2101 
0.1519 
0.1081 
0.0855 

0 * 6779 

0.2360 

0.0893 

0,3450 

0.1648 
0.1144 

-0.4678 
-0.2450 
-0.1670 
-0.1191 
-0.0830 
-0.0646 

-0.2101 
-0.1000 
-0.0690 
-0.0457 
-0.0314 
-0.0247 67.5" 

Room 
Temp. 



SCREDULE 1 (continued.) 

Distance 

h - g - f c e Tensile Axis from 
Break Do 2 a  2 b  Reduction - Specimen and Test 

€1 €2  €3 a Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

1-4 s 67.5" Break 0.123 0.1006 0.0792 
Room 0.0625 0.112 0.0966 
Temp. 0.1250 0.1148 0.1031 

0.3750 0.1192 0.1128 
0.2500 0.1184 0.1101 

0.5000 0.1197 0.1137 

0.4734 

0.2177 
0.1384 

0.1004 

0.2900 

0.1113 

0.6419 

0.2456 
0.3428 

0.1499 

-0.4408 
-0.2418 
-0.1766 
-0.1110 
-0.0865 
-0.0786 

-0.2011 
-0.1010 
-0.0690 
-0.0389 
-0.0314 
-0.0272 

0.1179 
0.1058 

0.4964 
0.3203 
0.2591 
0.2153 
0.1912 
0.1697 

0.6874 0.3862 

0.2988 
0.2433 
0.2122 
0.1869 

-0.4743 
-0.2717 
-0.2131 

-0.1560 
-0.1750 

-0.1374 

1-6 L Break 0.124 0.1003 0.0772 
0.0625 0.1106 0.0945 
0.1250 0.1137 0.1002 
0.2500 0.1159 0.1041 

0.5000 0.1181 0.1081 
0.3750 0.1171 0.1062 

-0.2131 

-0.0683 

-0.1145 
-0.0857 

-0.0572 
-0.0495 

45" 
Room 
Temp. 

1 

173 
0 

1 

Break 0.124 0.1012 0.0780 
0.0625 0.1107 0.0956 
0.1250 0.1132 0,1004 
0.2500 0.1162 0.1067 
0.3750 0.1175 0.1108 
0. $000 0.1187 0.1132 

0.4866 
0,3117 
0.2608 
0.1936 

0.1261 
0.1533 

0.6663 
0.3738 
0.3022 

0.1346 

0.6351 

0.1726 

0.1113 

0.2144 
0.1654 

0.3428 
0.2492 

0.1407 

-0.4640 
-0.2603 
-0.2112 
-0.1504 
-0.1126 
-0.0910 

1-6 s -0.2023 

-0.og10 
-0.0640 
-0.0528 
-0.0436 

-0.1135 

1-12 L Break 0.12h 0.1010 0.0807 

0.1250 0.1150 0.1042 
0.2500 0.1177 0.1100 

0.5000 0.1199 0.1147 

0.0625 0.1115 0.0979 

0 3750 0.1186 0.1126 

0.4699 
0.2901 
0.2207 
0.1580 

-0,4300 

-0.1740 
-0.1198 
-0.0973 
-0.0778 

-0.2365 
-0.2051 
-0.1063 

-0.0528 
-0.0752 

-0.0444 
-0 * 0335 

22.5" 
Room 
Temp. 

0.1315 
0.1056 

0.6448 
0.3508 

-0.4425 
-0.2418 

Break 0.124 0.1013 0.0797 
0.0625 0.1112 0,0974 

0.4749 
0.2956 

-0.2023 
-0.1090 

1-12 s 

* 



. . . . ~ -  . 

c 

SCREDULE 1 (continued) 

Di stance 

h 
c 

- g - Y Tensile Axis from e Reduction - 
3 E 2 E 1 f 

Specimen and Test Break Do 2 a  2 b  
I\Jumbera Temperature (in. ) (in. ) (in. ) (in. ) in Area 

1-32 L 

RD 

1-32 s Room 
Temp. 

1-25 L 

RD 
302" F 

1-25 s 

1-28 S 

RD 
302" F 

0.1250 
0.2500 
0.3750 
0.500~ 

0.0625 
0.1250 
0.2500 

0.0625 
0.1250 

0,0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.124 

Break 0.124 

Break 0.125 

Break 0.125 

Break 0.125 

0.1152 0.1042 
0.1177 0.1094 

0.1200 0.1134 
0.1190 0.1119 

0.0923 0.0920 
0.1050 0.1032 
0.1090 0.1090 
0.1124 0.1120 

0.0945 0.0937 
0.1061 0.1042 
0.1106 0.1097 

0.0900 0.0872 

0.1076 0.1046 
0.1028 0.1017 

0.1099 0.1076 
0.1122 0.1108 
0.1147 0.1133 

0.0903 0.0864 
0.1033 0.0999 
0.1085 0.1065 
0.1127 0.1107 

0.0910 0.0870 
0.1048 0. io01 
0.1101 0.1065 
0.1155 0.1132 
0.1181 0.1160 
0.1201 0.1188 

I . 

0.2193 

0.1340 
0.1626 

0.1150 

0.4477 
0 * 2953 
0.2230 
0.1813 

0.2810 
0.2109 

0 * 4977 
0 - 3309 
0.2797 
0.2432 
0.2044 
0.1683 

0.4241 

0.5007 
0 * 3395 
0.2605 
0.2015 

0.4933 
0.3286 
0.2496 
0.1632 
0.1232 
0.0869 

0.2475 
0.1774 
0.1439 
0.1227 

0.5943 

0.2009 

0.3502 
0.2525 

0.5524 
0.3301 
0.2380 

0.6886 

0.2786 
0.2286 

0.6945 

0.4918 
0.3281. 

0.1843 

0.4148 
0.3017 
0.2251 

0 6799 
0.3984 
0.2871. 
0.1782 
0.1315 
0.0909 

-0.1740 
-0.1254 
-0.1028 
-0.0892 

-0.1837 
-0.1290 

-0.2990 

-0.1028 

-0.2806 
-0.1741 
-0.1226 

-0.3601 
-0.2063 
-0.1782 

-0.1206 
-0.0983 

-0 * 3693 

-0.1602 
-0.1215 

-0.3624 
-0.2221 
-0.1602 
-0.0992 

-0.1499 

-0.2241 

-0.0747 
-0.0509 

-0.0735 
-0.0520 
-0.0411 
-0.0335 

-0.2953 
-0.1665 
-0.1235 
-0.0918 

-0.1560 

-0.3285 

-0.2718 

-0.1154 

-0 - 1955 
-0.1499 
-0.1287 
-0.1080 
-0.0860 

-0.3252 
-0.1907 
-0.1416 
-0.1036 

-0.3175 
-0.1763 
-0.1269 

-0.0568 
-0.0790 

-0.0400 

I 

f;; 
P 
I 



SCREDULE 1 (continued) 

Distance 
c 

h - f - g 
Tensile Axis from e Specimen and Test Break Do 2 a  2 b  Reduction - 

Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 €2 €3 

1-28 L Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0935 0.0877 
0.1053 0.1005 
0.1092 0.1067 
0.1121 0.1098 
0.1141 0.1126 
0.1168 0.1149 

0.4752 
0.3227 
0.2543 
0.2122 
0.1778 
0.1411 

0.6447 

0.2934 
0 - 3897 
0.2386 

-0.3544 
-0.2182 
-0.1583 
-0.1297 

-0.0843 
-0.1045 

-0.2904 
-0.1715 
-0.1351 
-0.1089 
-0.0912 
-0.0678 

0.1957 
0.1521 

0.6207 
0.3844 
0.2785 
0.1952 
0.1507 
0.1119 

0.9694 
0.4851 
0.3264 
0.2171 
0.1634 
0.1187 

1-14 L Break 0.125 
0.0625 
0.1250 

RD 0.2500 

0.5000 
572°F 0 * 3750 

0.0802 0.0739 

0.1083 0.1041 

0.1162 0.1142 
0.1182 0.1174 

0.1002 0.0960 

0.1136 0.1107 

-0.5256 

-0.1215 

-0.0627 

-0.2640 
-0.1830 

-0.0904 

-0.4438 
-0.2211 
-0.1434 
-0.0956 

-0.0560 
-0.0730 I 

1-14 S 0.0814 0.0741 
0.1026 0.0968 
0.1093 0.1052 
0.1151 0.1119 
0.1174 0.1150 

0.6140 
0.3644 
0.2641 
0.1757 
0.1359 

0.9518 
0.4531 
0.3067 
0.1932 
0.1461 

-0.4289 
-0 - 1975 
-0.1342 
-0.0825 
-0.0627 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

-0.5230 
-0.2557 
-0.1725 
-0.1107 
-0.0834 

I 

1-18 L 0.0785 0.0731 
0.0980 0.0958 
0. io57 0.1019 
0.1113 0.1088 
0.1146 0.1122 
0.1184 0.1173 

0,6328 

0.2250 

0.3991 
0.3107 

0.1771 
0.1112 

-0.5365 
-0.2660 

-0.1388 
-0.1080 
-0.0636 

-0.2043 

-0.4652 

-0.1677 
-0.1161 
-0.0869 

-0.2434 

-0.0543 

Break 0.l2.5 
0.0625 
0.1250 
0.2500 

RD 0.3750 
572°F 0.5000 

1.0017 
0.5094 
0.3720 
0.2549 
0.1949 
0.1178 

1-18 s Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

0.0763 0.0714 

0.1051 0.1039 
0.1129 0.1104 
0.1141 0.1119 

0.0980 0.0950 
0.6513 

0.3011 
0.2023 
0.1829 

0.4042 
-0.5600 
-0.2744 
-0.1849 
-0.1242 
-0.1107 

-0.4936 

-0.1018 
-0.0912 

-0.2434 
-0.1734 

1.0537 
0.5178 
0 * 3583 
o ..2260 
0.2020 

I Y 1 
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SCHEDULE 2 

a . 

Distance 
h - g - f c e Tensile Axis from 

Reduction - 
2 €3 E 1 E 

Specimen and Test Break Do 2 a  2b a Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

2-1 L 

2-1 s 

2-2 L 

2-2 s 

2-4 L 

TD 
Room 
Temp. 

TD 
Room 
Temp. 

67.5" 
Room 
Temp. 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

Break 0.125 
0.0625 
0.1250 
0,2500 
0 * 3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0. ioio 0.0763 
0.1126 0.0982 

0.1152 0.1032 

0.1175 0.1082 
0,1173 0.1096 

0.1196 0.1135 

0.0984 0.0753 
0.1108 0.0960 
0.1157 0.1044 
0.1196 0.1134 
0.1208 0.1162 
0.1215 0.1178 

0.1031 0.0794 
0.1139 0.0998 
0.1177 0.1084 
0.1195 0.1141 

0.1212 0.1155 
0.1205 0.1139 

0.1025 0.0794 
0.1135 0.0994 
0.1175 0.1068 
0.1212 0.1154 
0,1216 0.1166 

0.1026 0.0788 
0.1125 0.0982 
0.1165 0.1051 
0.1182 0.1082 
0.1196 0.1112 
0.1212 0.1155 

0.5068 

0.1863 

0.1312 

0.5258 

0.2269 
0.1320 
0.1016 

0.2923 

0.1772 
0.2391 

0.3192 

0.0840 

0.4761 
0.2725 
0.1834 
0.1274 

0.1041 

0.4791 
0.2780 

0.1216 

0.1969 
o . 1011-9 
0.0926 

0,4826 
0.2930 
0.2164 
0,1815 
0.1488 
0.1041 

0.7072 
0.3460 
0.2062 
0.1951 
0.2734 
0.1406 

0.7463 
0.3847 

0.1072 

0.6468 
0.3181 
0.2027 
0.1361 

0.1098 

0.6526 
0.3255 

0.1106 

0 * 6595 
0 ' 3473 

0.2003 
0.1620 
0.1098 

0.2574 
0.1415 

0.0877 

0.1295 

0.2193 

0.0971 

0.2447 

-0.494-0 
-0.2415 
-0.1444 
-0.1316 
-0.1918 
-0.0964 

-0.2640 
-0.1802 

-0.5070 

-0 * 0973 
-0.0730 
-0 * 0593 

-0.4540 
-0.2252 
-0.1425 
-0.0911 
-0.0929 
-0.0790 

-0.451~0 
-0.2291 

-0.0798 
-0.0695 

-0.1-575 

-0.4618 
-0.2418 
-0.1735 
-0.1444 
-0.1170 
-0.0790 

-0.2132 

-0.0618 
-0.0635 
-0.0816 

-0.1045 

-0.0442 

-0.2393 
-0.1207 
-0.0772 
-0.0442 
-0,0342 
-0.0284 

-0,1928 

-0.0602 

-0.0366 
-0.0308 

-0.1986 
-0.0964 
-0.0618 
-0.0308 
-0.0276 

-0.0929 

-0.0450 

-0 1977 
-0.1055 
-0.0712 
-0.0559 
-0.0450 
-0.0308 

1 

Ir; 
W 

1 
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I e L I I I 1 b 

SCREDULF: 2 (continued.) 

Distance 

h Tensile Axis from C 
- g - e f Specimen and Test Break Do 2 a  2 b  Reduction - 

Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 €2 €3 
~~ 

2-27 L 0.0827 
0.0982 
0.1055 
0.1101 
0.1122 
0.1135 

0.4866 
0.3112 

0.1805 
0.2330 

0 * 1577 
0.1392 

0.6673 
0.3732 
0.2654 
0.1999 
0.1725 
0.1498 

-0.4135 
-0,2417 
-0.1698 
-0.1270 
-0.1081 
-0.0964 

-0.2538 

-0.0956 
-0,1315 

-0.0729 
-0.0644 
-0.0534 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0,0970 
0.1096 
0.1136 
0.1163 

0.1185 
0.1173 

RD 
Room 

2-27 s Temp. 0.0987 
0.1109 
0.1159 
0,1186 
0.1194 
0 * 1200 

0.0837 
0.1011 
0.1081 
c ,1131 
0.1146 
0.1161 

0.4713 
0.2824 

0.1414 
0.1243 
0.1084 

0.1982 

0.6379 
0.3322 
0.2209 
0.1535 
0.1326 
0.1146 

-0.4015 
-0.2124 
-0.1454 
-0.1010 
-0.0868 
-0.0738 

-0.2364 
-0.1198 
-0 - 0755 
-0.0458 
-0.0408 

-0.0525 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

I 

I 

0.0974 

0.1144 
0.1103 

0.1166 
0.1178 
0.1186 

0.0832 
0.1016 
0.1080 
0.1106 

0.4814 
0.2828 
0.2093 
0.1747 
0.1458 
0.1317 

0.6580 
0 3334 

0.1920 
0.2350 

0.1584 
0.1411 

-0.4073 
-0.2074 
-0.1464 
-0.1225 
-0.0982 
-0.0886 

-0.2507 
-0.1260 

-0.0695 
-0.0602 

-0.0886 

-0,0525 

-0.2468 

-0.0894 
-0.1298 

-0.0678 
-0.0576 
-0.0559 

2-31 L Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1133 
0.1144 RD 

Room 
2-31 s Temp. 0.6541 

0.1796 0.2358 

0.1506 

0.3480 

0.1523 

0.0832 
0.1005 
0.1080 
0.1118 

0.4798 
0.2938 
0.2100 
0,1643 
0.1406 
0.1399 

-0.4073 
-0.2182 
-0.1464 
-0.1118 
-0.0947 
-0.0947 

Break 0.125 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0 * 0977 
0.1098 
0.1143 
0.1168 
0.1181 
0.1182 

0.1137 
0.1137 

-0.4187 
-0.2493 
-0.1785 

Break 0.126 
0.0625 
0.1250 

0.0938 

0.1116 
0.1073 

0.0829 
0.0982 
0.1054 

0.5102 
0 * 3363 
0.2591 

0.7138 
0.4099 
0.2999 

-0.2951 
-0.1606 
-0.1214 

2-21 L 
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SCHEDULE 2 (continued) 

~~ ~~ ~ ~~ ~~~~ ~ 

Distance 

h - g - f Tensile Axis f rom c e Reduction - 
3 E 

Specimen and Test Break Do 2 a  2 b  
€1 “2 a 

Number. Temperature (in.) (in.) (in.) (in.) in Area 

2-21 s Break 
0.0625 
0.1250 
0.2500 
0.3750 

2-16 L Break 
0.0625 
0,1250 
0.2500 
0.3‘750 

m 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 

572°F 
2-16 s Break 

0.125 0.0744 

0.1102 
0.1025 

0.1150 
0.1171 

0.124 0.0729 
0.0990 

0.1137 
0.1148 

0.1088 

0.1168 

0.124 0.0734 

0.1099 
0.1016 

0.1151 
0.1185 

0.0589 
0.0916 

0.1090 
0.1042 

0.1133 

0.0608 
0.0911 
0.1017 

0.1107 
0.1136 

0.1093 

0.0615 
0,0907 
0.1027 
0.1118 
0.1161 

0 * 7195 
0 * 3991 
0.2651 
0.1978 
0.1509 

0.7117 
0.4134 
0.2804 
0.1918 
0.1735 
0.1371 

0.7064 
0.4007 
0.2660 
0.1631 
0.1052 

1.2713 
0.5093 
0.3080 
0.2204 
0.1636 

1.2439 
0.5335 
0.3290 
0.2129 
0.1906 
0.1474 

1.2256 
0.5120 
0.3092 
0.1781 
0.1112 

-0.7525 
-0.3109 
-0.1820 
-0.1370 
-0.0983 

-0.7127 
-0.3083 
-0,1982 
-0.1262 
-0.1135 
-0.0876 

-0.7012 
-0.3127 
-0,1885 
-0.1036 
-0.0658 

-0.5189 
-0.1984 

-0.0834 
-0.1260 

-0.0653 

-0.5312 
-0.2252 
-0.1308 
-0.0867 

-0.0598 
-0.0771 

-0.5244 
-0.1992 
-0.1207 
-0.0745 
-0.0454 

I 

L 
-4 

I 



SCHEDULE 3 

Distance 

h - g - f 
Tensile Axis from c 

e Reduction - 
2 ‘3 E 

Specimen and Test Break Do 2 a  a 2 b  
Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 

3-1 L TD 
Room 
Temp. 

Break 0.125 
0,0625 
0,1250 
0,2500 
0.3750 
0.5000 

0.  no52 0.0794 
0.1187 0.1058 
0.1227 0.1172 

0.1239 0.1213 
0.1237 0.1208 

0.1237 0.1212 

0.4654 
0.1963 
0.0796 
0.0436 
0.0381 
0.0405 

0.6265 
0.1980 
0.0830 
0.0446 
0.0396 
0.0413 

-0.4540 

-0.0644 
-0.0342 

-0.1463 

-0.0300 
-0.0309 

-0.1725 
-0.0517 

-0.0104 
-0.0186 

-0.0096 
-0.0104 

Break 0.126 
0.0625 
0,1250 

0.4988 
0.2908 
0.1686 

3-2 S 0.1032 0.0771 
0.1143 0.0985 
0.1200 0.1100 

0.6913 
0.3440 
0.1847 

-0.4917 
-0.2466 
-0.1360 

-0.1996 
-0.0974 
-0.0487 TD 

Room 
3-2 L Temp. 

I 

Break O.l.26 
0,0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1043 0.0798 
0.1151 0.0994 
0.1185 0.1064 

0.1202 0.1113 
0.1208 0.1130 

0.1197 0.1096 

0.4757 
0.2794 
0.2058 
0.1737 
0 * 1573 
0.1402 

0.6470 

0.2307 
0.3286 

0.1916 
0,1721 
0.1161 

-0.4570 
-0.2373 
-0.1694 
-0.1395 

-0.0740 
-0.1242 

-0.1900 

-0.0613 
-0.0521 

-0.0913 

-0.0479 
-0.0421 

I 

0.1087 0.0821 
0.1166 o.iooo 
0.1191 0.1069 
0.1211 0.1125 
0.1220 0.1158 

0.4288 
0.2538 
0.1852 
0.1281 
0.0958 

0.5608 
0.2935 
0,2048 
0.1372 
0.1007 

3-3 s Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

-0.4210 

-0.1565 

-0.0764 

-0.2231 

-0.1055 

-0.1398 
-0.0704 
-0.0483 

-0.0243 
-0.0317 

67.5” 
Room 

3-3 L Temp. 0.1066 0.0785 
0.1158 0.0983 
0.1189 0.1060 
0.1205 0.1101 
0.1203 0.1106 
0.1209 0.1116 

0.4644 
0,2715 
0.1934 
0.1509 
0.1485 
0.1365 

0.6251 
0.3168 
0.2150 
0.1636 
0.1608 
0.1468 

-0.4657 
-0.2404 
-0,1650 
-0.1270 
-0.1225 
-0.1135 

Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

-0.1594 
-0.0765 
-0.0500 
-0.0366 
-0.0383 
-0 * 0333 

I 
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SCHEDULE 3 (continued) 

Distance 

h - €3 - f Tensile Axis from C e Reduction - 
3 E 2 E 

Specimen and. Test -b Break Do 2 a  2 - b  
€1 

a Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

3-5 s Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 

45 O 0.5000 

0.0625 
0.1250 
0,2500 
0 * 3750 
0.5000 

Room 
3-5 L Temp. Break 0.126 

0.1032 0.0816 
0.1141 0.1012 
0.1175 0.1085 
0.1197 0.1126 
0.1212 0.1142 
0.1222 0.1171 

0.4696 
0.2727 
0.1970 
0.1510 
0.1282 
0.0987 

0.6350 
0.3181 
0.2203 
0.1646 

-0.4350 
-0.2191 
-0.1496 
-0.1125 
-0.0983 
-0.0732 

-0.200c 
-0.0990 
-0.0707 
-0.0521 
-0.0388 -0.0306 0.1371 

0.1038 

0.1029 0.0827 

0.1171 0.1077 
0.1201 0.1131 
0.1213 0.1178 
0.1221 0.1174 

0.1140 0.1012 
0.4640 
0.2733 
0.2056 
0.1444 
0.1000 
0.0971 

0,6243 

0.2302 
0.1559 
0.1052 
0 * 1022 

0.3191 
-0.4215 
-0.2191 

-0.1080 
-0.0672 

-0.1570 

-0.0707 

-0.2028 
-0.1000 
-0.0732 
-0.0479 
-0.0380 
-0.0315 

I 

I 

Break 0.126 
0.0625 
0.1250 
0.2500 
0 * 3750 

22.5" 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Room 
3-7 L Temp. Break 0.126 

3-7 s 0.1017 0.0821 
0.1131 0.1008 
0.1168 0.1076 
0.1190 0.1122 

0.1204 0.1146 
0.1194 0.1124 

0.4741 

0.2084 
0.1590 
0.1547 
0.1309 

0.4554 

0.2819 

0.2871 
0.2310 
0.1873 
0.1514 
0.1411 

0.6274 

0.2178 
0.3152 

0.1571 
0.1530 
0.1243 

-0.4210 
-0.2152 
-0.1500 

-0.1064 
-0.1080 

- 0.0868 

-0.2064 
-0 * 1000 
-0.0678 
-0.0491 
-0.0466 
-0.0375 

0.1028 0.0841 

0.1154 0.1058 
0.1174 0.1099 

0.1125 0.1006 

0.1187 0.1135 
0.1192 0.1144 

0.5925 

0.2462 

0.1361 

0.3227 

0.1915 
0.1489 

-0.3969 
-0.2172 
-0.1664 
-0.1288 
-0.0964 
-0.0886 

-0.1956 
-0.1055 
-0.0998 
-0.0627 

-0.9475 
-0.0525 

0.1026 0.0794 
0.1146 o.og92 

0.4786 
0.2724 

0.6356 
0.3263 

-0.4380 
-0.2315 

-0.1976 
-0.0948 

3-30 L Break 0.125 
0.0625 



SCHEDULE 3 (continued) 

Distance 

h - g - f Tensile Axis from c e Specimen and Test Break Do 2 a  2b Reduction - 
€1 €2 €3 

a 
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

3-32 s 

3-32 L 

3-21 L 

3-21 s 

RD 
Room 
Temp. 

RD 
Room 
Temp. 

RD 
3020~ 

0.1250 
0.2500 

0.5000 
0.3750 

Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0 3750 

Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

Break 0.124 
0.0625 
0.1250 
0.2500 

0.5000 
0 * 3750 

Break 0.124 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

0.1188 0.1086 
0.1207 o.ii35 
0.1201 0.1122 
0.1206 0.1127 

0.1041 0.0824 
0.1152 0.1021 
0.1189 0.1105 
0.~09 0.1150 

0.1204 0.1146 
0.1215 0.1158 

0.1048 0.0843 
0.1151 0.1030 
0.1175 0.1091 
0.1188 0.1110 

0.1208 0.1146 
0.1202 0.1144 

0.0974 0.0707 
0.1108 0.0934 
0.1154 0.1041 
0.1179 0.1088 

0.1206 0.1144 
0.1191 0.1117 

0.0978 0.0718 
0.1102 0.0932 

0.1181 0.1094 
0.1202 0.1138 
0.1210 0.1152 

0.1743 
0.1232 
0.1376 
0.1301 

0.4510 
0.2472 
0.1591 
0.1102 
0.0995 
0.1169 

0.4346 

0.1796 
0.1560 

0.2413 

0.1199 
0.1140 

0.5522 
0.3270 
0.2187 
0.1657 

0.1027 

0.5433 
0.3320 

0.1597 
0.1104 
0.0934 

0.1348 

0.1915 
0.1314 
0.1481 
0.1394 

0.6308 
0.2850 
0.1742 

0.1048 
0.1167 

0.1251 

0.5706 
0.2770 
0.1979 
0.1706 
0.1277 
0.1210 

0.8033 
0.3960 
0.2468 
0.1812 
0.1448 
0.1084 

0.7838 
0.4035 

0.1740 
0.1170 
0.0981 

-0. ib07 
-0.0964 
-0.1081 
-0.1036 

-0.2025 

-0.0764 
-0.0868 

-0.1936 
-0.1361 
-0,1189 

-0.0868 

-0.5618 

-0.1308 

-0.0806 

-0.5464 

-0.4477 

-0.1234 
-0.0834 

-0.39hl 

-0.0886 

-0.2834 
-0.171L9 

-0.1045 

-0.2855 

-0,1253 
-0.0858 
-0,0736 

-0.0508 

-0.0358 

-0.0825 
-0.0508 
-0.0333 
-0.0284 
-0.0383 

-0.1765 

-0.0350 
-0.0400 

-0.1831 

-0.0834 
-0.0618 
-0.0517 
-0.0391 
-0.0342 

-0.2415 
-0.1126 
-0.0719 
-0.0504 
-0.0403 
-0.0278 

-0.2374 
-0.1180 

-0.0488 
-0.0311 
-0.0245 

1 

P w 
0 

1 

1 

. -  
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SCHEDTJLE 3 (continued.) 

s 

Distance 

h - f - g 
Tensile A x i s  from C e Reduction - 

2 €3 E 
Specimen and. Test Break Do 2 a  2 b 
Number" Temperatureb (in.) (in.) (in.) (in.) in Area €1 

3-26 L 

3-26 s 

3-17 L 

3-17 S 

3-19 L 

RD 
302"~ 

RD 
302"~ 

RD 
572°F 

RD 
572°F 

Break 0.124 0.1048 0.0846 

0.1250 0.1155 0.1033 
0.2500 0.1175 0.1077 
0 * 3750 0.1183 0.1099 

0.0625 0.1115 0.095i 

0.5000 0.1201 0.1132 

Break 0.124 0.1056 0.0825 

0.1250 0.1143 0.1001 
0.0625 0.1113 0.1955 

0.2500 0.1173 0.1072 

0.0625 0.1078 0.0873 

0.2500 0.1176 0.1091 
0.3750 0.1183 0.1110 

Break 0.124 0.0886 0.0616 

0,1250 0.1141 0.1006 

0.5000 0.1188 0.1127 

Break 0.124 0.0928 0.0675 
0.0625 0. 1094 0.0903 
0.1250 0.1154 0.1017 
0.2500 0.1187 0.1100 
0.3750 0.1208 0.1162 

Break 0.124 0.0797 0.0662 
0.0625 0.1025 0.0960 
0.1250 0.1102 0.1048 
0.2500 0.1102 0.1053 

0.5000 0.1107 0.1065 
0.2750 0.1083 0.1026 

0.4234 
0.3104 
0.2240 
0.1770 
0.1544 
0.1158 

0.4334 
0.3087 
0.2559 
0.1822 

0.6450 
0.3880 

0.1656 

0.1292 

0.5926 
0.3575 
0.2367 
0.1508 
0.0871 

0.6569 
0.3600 
0.2489 
0.2453 
0.2773 
0.2332 

0.2535 

0,1460 

0.5506 
0.3716 
0.2537 
0.1948 
0.1678 
0.1231- 

0.5681 
0.369 
0.2956 
0.2011 

1.0358 

0.1810 

0.4909 
0.2923 

0.1578 
0.1384 

0.8980 
0.4424 
0.2701 
0. 1635 
0.0911 

1.0696 
0.4464 
0.2862 

0.3248 
0.2656 

0.2814 

-0,3824 
-0.2654 
-0.1826 

-0.1207 
-0.0911 

-0.2612 

-0.1456 

-0.6996 
-0 - 3509 
-0.2091 
-0.1280 
-0.1108 

-0.6082 

-0.1982 
-0.1198 
-0.0650 

-0.6276 
-0.2559 
-0.1682 
-0.1635 

-0.1521 

-0.1409 

-0.4075 

-0.2141 

-0.0956 

-0.3171 

-0.1894 

-0.1682 
-0.1063 
-0.0710 

-0.0320 

-0.1606 
-0.1081 
-0.0815 
-0.0556 

-0.3362 

-0.0832 

-0.0538 
-0.0471 

-0.1400 

-0.0530 
-0.0471 
-0.0428 

-0.2898 
-0.1253 
-0.0719 
-0.0437 
-0.0262 

-0.4420 
-0.1904 
-0.1180 

-0.1354 
-0.1180 

-0.1135 



- 132 - 

M
d

O
 

M
d

 cu 
m

t-ch 
3
4
0
 

0
0
0
 

.
.

.
 

I
l

l
 

4
)c

u
c

h
 

O
c

u
d

 
0
U

;f 
U

c
u

r
i 

0
0
0
 

.
.

.
 

I
l

l
 

0
 m

m
 

3
 M

m
 

m
m

m
 

0
-
3
 cu 

4
0
0
 

.
.

.
 

z
f
u
 

L
n

 
3
 4

4
)
 

3
 L

n
o
 

U
 m

cu 
0
0
0
 

.
.

.
 

0
-

3
W

 
co 

L
n

t- 
u
 m
o
 

0
0
4
 

0
0
0
 

3
L

n
d

 
o
z
f 

m
 

c
o

o
ri 

O
d
d
 

0
0
0
 

.
.

.
 

.
.

.
 

3
 

cu 
ri 
0
 L

n
O

 
3

c
u

n
 

C
dU

 
cu 

(v
o
r-4

 
$
6
6
 

m
 

m
 

d
 I 

m
 

. 



SCKFDULE 4 

. . I I 

Distance 
h - g - f 

Tensile Axis f r o m  c e Reduction - 
2 €3 E 1 E 

Specimen and Test Break Do 2 a  2 b  a Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

4-1 S Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0 3750 
0.5000 

Room 
4-1 L Temp. Break 0.126 

4-2 S Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

Room 
4-2 L Temp. Break 0.126 

4-3 L Break 0.125 
0.0625 
0.1250 

0.1063 0.0844 
0.1153 0.1004 
0.1202 0.1111 
0.1232 0.1193 
0.1236 0.1210 
0.1236 0.1198 

0.1095 0.0908 
0.1185 0.1077 

0.1211 0.1140 
0.1216 0.1133 

0.1204 0.1136 

0.1222 0.1164 

0.1050 0.0837 
0.1149 0.1013 
0.1202 0.1128 
0.1216 0.1173 
0.1219 0.1182 
0.1229 0.1213 

0.1077 0.0872 
0.1152 0.1020 
0.1192 0.1104 
0.1215 0.1160 
0.1179 0.1073 
0.1214 0.1155 

0.1103 0.0827 
0.1174 0.1023 
0.1200 0.1129 

0.4349 
0.2708 
0.1588 

0.0580 
0.0673 

0.0742 

0.3737 
0.1961 
0.1385 

0.1322 
0.1304 

0.1040 

0.4464 
0.2669 
0.1460 
0.1016 

0.0610 
0.0924 

0.4085 
0 e2599 
0.1711 
0.1122 
0.2032 
0.1168 

0.4162 
0.2314 
0.1329 

0.5710 

0.1731 
0.0770 

0.3160 

0.0597 
0.0696 

0.4694 

0.1498 

0.1419 
0.1099 

0.2183 

0.1396 

0.5915 
0.3104 
0.1579 
0.1069 
0.0968 
0.0629 

0.5252 
0.3007 
0.1877 
0.1189 
0.2271 
0.1239 

0.5395 
0.2633 
0.1427 

-0.4010 
-0.2273 
-0.1260 
-0.0546 
-0.0405 
-0.0504 

-0.3280 
-0.1570 
-0.1036 
-0.1000 
-0.1064 
-0.0792 

-0.4090 
-0.2182 
-0.1108 

-0.0638 
-0.0380 

-0.0714 

-0.3680 
-0.2115 
-0.1322 
-0.0826 
-0.1607 
-0.0869 

-0.4135 
-0.2007 
-0.1019 

-0.1700 
-0.0887 

-0.02211 
-0.0192 
-0.0192 

-0.0471 

-0.1414 
-0.0613 
-0.0462 
-0.0396 
-0 - 0355 
-0.0307 

-0.1825 
-0.0922 
-0.0471 
-0.0355 

-0.0249 
-0.0330 

-0.1572 
-0.0895 
-0.0555 
-0.0363 
-0.0664 
-0.0370 

-0.1260 
-0.0626 
-0.0408 

I 

I-J w w 
I 



SCREDUIX 4 (continued) 

Di stance 

h - g - e f Tensile Axis from C 

Reduction - 
3 

E 2 E 
Specimen and. Test Break Do 2 a  2 b  
Number" Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 

67.5" 
Room 
Temp. 

0.1428 
0.1784 
0.1032 

0.1541 
0.1973 
0.1097 

-0.1108 
-0.1490 
-0.0772 

-0.0433 
-0.0483 
-0.0325 

0.2500 0.1197 0.1119 
0.3750 0.1192 0.1077 
0.5000 0.1210 0.1158 

4-3 s 67.5" 
Room 
Temp. 

Break 0.125 0.1096 0.0838 
0.0625 0,1160 0.0986 
0.1250 0.1191 0.1046 
0.2500 0.1222 0.1156 
0.3750 0.1232 0.1186 
0.5000 0.1234 0.1198 

Break 0.125 0.1076 0.0826 
0,0625 0.1155 0.1021 
0.1250 0.1196 0.1119 
0.2500 0.1213 0.1164 
0.3750 0.1216 0.1158 
0.5000 0.1217 0.1167 

0.4122 
0.2680 
0.2027 
0.0959 
0.0649 
0.0539 

0 * 5315 
0.3123 
0.2277 
0.1007 

0.0554 
0.0670 

-0.4000 
-0.2377 
-0.1794 
-0.0781 

-0.0425 
-0.0525 

-0.1315 
-0.9746 
-0.0226 
-0.0226 

-0.0129 
-0.0145 

0.5650 
0.2815 
0.1558 
0.1012 
0.1029 
0.0953 

4-5 L 0.4312 
0.2453 
0.1435 
0.0964 
0.0988 
0.0910 

-0.4150 

-0.1108 
-0.2025 

-0.0712 

-0.0686 
-0.0754 

-0.1500 

-0.0300 

-0.0267 

-0.0790 
-0.0450 

-0.0275 

I 

P w -r= 
I 

45" 
Room 

4-5 s Temp. Break 0.125 0.1107 0.0866 
0.0625 0.1192 0.1058 
0.1250 0.1212 0.1160 
0.2500 0.1229 0.1182 
0.3750 0.1229 0.1178 

0.3865 
0.1929 
0 * 1002 
0.0703 
0.0734 

0.4891 
0.2153 

0.0728 
0.0771 

0.1056 

-0.3676 
-0.1670 
-0.0747 
-0.0559 
-0.0602 

-0.1215 

-0.0169 
-0.0169 

-0.0483 
-0.0309 

4-8 L Break 0.124 0.1066 0.0877 
0.0625 0.1160 0.1053 
0.1250 0.1183 0.1126 
0.2500 0.1172 0.1107 

0.5000 0.1177 0.1117 
0.3750 0.1184 0.1128 

0.4980 

0.1433 
0.2301 

0.1699 
0.1407 
0.1565 

-0.3467 
-0.1635 
-0.0963 
-0.1136 
-0.0946 
-0.1045 

0.3920 
0.2056 
0.1337 
0.1562 
0.1314 
0.1450 

-0.1513 
-0.0666 

-0.0563 
-0.0461 
-0.0520 

-0.0470 

22.50 
Room 

4-8 s Temp. Break 0.124 0.1060 0.0874 
0.0625 0.1135 0.1054 

0.3975 
0.2220 

0.5070 
0.2483 

-0.3500 
-0.1625 

-0.1570 
-0.0868 

. . I 9 



SCHEDULF 4 (continued.) 

1 

Distance 

1-i - g - f 
Tensile Axis from C e Reduction - 

3 E 
Specimen and Test Break Do 2 a  2 b  

€1 €2  
a 

Number Temperature (in.) (in.) (in.) (in.) in Area 

4-27 L 

4-27 S 

4-34 L 

4-21 L 

RD 
Room 
Temp. 

RD 
Room 
Temp. 

RD 
302°F 

0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

0.1180 0.1134 
0.1197 0.1161 
0.1185 0.1157 
0.1151 0.1102 

0.1161 0.1099 
0.1197 0.1134 
0.1196 0.1146 
0.1178 0.1105 
0. iigi 0.1129 
0.1200 0.1148 

0.1157 0.1073 
0. ligo 0.1118 
0.1203 0.1163 
0.1203 0.1192 
0.1215 0.1183 

0.1173 0.1064 
0.1194 0.1123 
0.1193 0.1140 
0.1200 0. LlS1 
0.1198 0.1158 
0.1201 0.1171 

0.1025 0.0811 
0.1133 0.1015 
0.1173 0.1103 

0.1205 0.1150 
0.1212 0.1192 

0.1189 0.1118 

0.1297 
0.0962 
0.1083 
0.1751 

0.1834 
0.1313 
0.1228 

0.1394 
0,1669 

0.1183 

0.2055 
0.1485 
0.1046 
0.0823 
0.0801 

0.2012 
0.1419 
0.1296 
0.1160 
0.1121 
0.0999 

0.4680 
0.2640 
0.1720 

0.1131 
0.1492 

0.0754 

0.1387 
0.1010 
0.1145 
0.1924 

0.2026 

0.1826 
0.1502 
0,1258 

0.2301 
0.1609 

0.0858 

0.1406 
0.1309 

0.1104 

0.0834 

0.2247 
0.1531 

0.1233 
0.1386 

0.1180 
0.1052 

0.3065 0.6311 

0.1887 
0,1616 
0.1201 
0.0784 

-0.0892 
-0.0658 
-0.0692 
-G. 1180 

-0.1288 
-0.0973 
-0,0868 
-0.1234 
-0.1019 
-0.0850 

-0.1117 
-0.0721 
-0 * 0475 

-0.1612 

-0.0920 
-0.0825 

-0.0652 

-0.2082 
-0.1251 
-0.1116 

-0.1529 

-0.0550 

-0.1073 

-0.0755 

-0.4326 

-0.0834 
-0.0475 

-0,0495 

-0.0453 
-0.0744 

-0.0352 

-0.0738 
-0.0433 
-0.0441 

-0.0483 
-0.0408 

-0.0592 

-0.0772 
-0.0492 
-0.0383 

-0.0284 
-0.0383 

-0.0635 
-0.0466 -0.0458 

-0.0408 
-0.0425 
-0.0400 

-0.1985 
-0.0983 
-0.0636 
-0.0500 
-0.0367 
-0.0309 

I 

P w 
Ln 

I 



SCHEDULE 4 (continued) 

Distance 

h - g - f Tensile Axis from C e Reduction - 
3 

E 
2 E 

Specimen and Test Break Do 2 a  2 b  
€1 a Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

4-21 S Break 0.125 0.1046 0.0847 
0.0625 0.1140 0.1020 

0.2500 0.1199 0.1120 
0.3750 0.1197 0.1116 

0.1250 0.1163 0.1068 

0.4330 
0.2558 
0.2051 
0.1406 
0.1450 

0.5673 
0.2955 
0.2295 
0.1515 
0.1567 

-0.3892 
-0.2033 
-0.1574 
-0.1098 
-0.1134 

-0.1782 
-0.0921 
-0.0721 
-0.0417 
-0.0433 

4-23 L Break 
0.0625 
0.1250 
0.2500 
0.3750 

RD 0.5000 
3020~ 

0.0625 
0.1250 
0.2500 

4-23 S Break 

0.124 0.1013 
0.1089 

0.0818 
0.0988 
0.1034 
0.1066 
0.1127 
0.1106 

0.4611 
0.3003 
0.2448 
0.2041 
0.1498 
0.1455 

0.6182 
0.3570 
0.2808 
0.2283 
0.1622 
0.1572 

-0. hi60 
-0.2272 
-0.1817 
-0.1512 
-0.0956 
-0.1144 

-0.2022 
-0.1298 
-0.0991 
-0.0771 
-0.0667 
-0.0428 

0.1123 
0.1148 1 

w cn 
r 

1 

0.1160 
0.1188 

0.124 0,0991 
0.1097 
0.1154 
0.1171 

0.0800 
0.0967 
0.1058 
0.1089 

0.4844 
0.3101 
0.2060 
0.1706 

0.6624 -0.4382 
-0.2487 
-0.1587 
-0.1298 

-0.2242 
-0.1225 

-0.0573 
-0.0719 

0.3712 
0.2306 
0.1871 

4-13 L Break 
0.0625 
0.1250 
0.2500 
0.3750 

RD 0.5000 

0.0625 
0.1250 
0.2500 

0.5000 

572°F 
4-13 S Break 

0.3750 

0.125 0.0896 0.0537 0.6921 1.1779 -0.8449 -0.3330 

0.1144 
0.1160 
0,1161 
0.1165 

0.2920 
0.1863 

0.2019 
0.2044 

-0.2033 
-0.1116 
-0.1306 
-0.1315 

-0.0886 
-0.0747 
-0.0739 
-0.0704 

0.1020 
0.1118 
0.1097 
0.1096 

0.2532 

0.1849 
0.1700 

0.1828 

0.6772 
0.3714 
0.2201 
0.1652 
0.0957 
0.0616 

1.1308 
0.4643 

0.1805 
0.0636 0.1005 

0.2486 

-0.8155 
-0.3419 
-0.1782 
-0.1296 
-0.0721 
-0.0450 

-0.3153 
-0.1224 
-0.0704 

-0.0284 
-0.0509 

-0.0186 

0.125 0.0912 
0.1106 
0.1165 
0.1188 
0.1215 
0.1227 

0.0553 
0.0888 
0.1046 
0.1098 
0.1163 
0.1195 

t L e I . 
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SCREDULF: 4 (continued) 

. . 

Distance 

h - g - f 
Tensile Axis from c 

e Reduction - 
1 €2 €3 E: 

Specimen and Test Break Do 2 a  2 b  
Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area 

4-17 L Break 
0.0625 
0.1250 
0.2500 
0.3750 

RD 0.5000 

0.0625 
0,1250 
0.2500 
0.3750 
0.5000 

572°F 
4-17 S Break 

0.124 0.0896 
0.1078 
0.1144 
0.1191 
0.1204 
0.1205 

0.124 0.0907 
0.1077 
0.1116 
0.1158 
0.1183 
0.1189 

0.0740 
0.0933 
0.1083 
0.1140 
0.1176 
0.1165 

0.0634 
0.0938 
0.1036 
0.1058 
0.1079 
0.1134 

0.5688 
0.3459 

0.1170 

0.0870 

0.1942 

0.0792 

0,6260 

0.2032 
0.1698 
0.1231 

0.3430 
0.2481 

0.8411 
0.4245 
0,2160 
0.1244 
0.0825 
0.0910 

0.9835 

0.2272 
0.1861 

0,4200 
0.2851 

0.1314 

-0.5162 
-0.2845 
-0.1354 
-0.0841 

-0.0624 
-0.0530 

-0.6708 
-0.2791 
-0.1797 
-0.1587 
-0.1391 
-0.0894 

-0.3249 
- 0.1400 

-0.0403 
-0.0806 

-0.0286 
-0.0295 

-0.3127 
-0.1409 
-0.1054 
-0.0684 
-0.0471 
-0.0420 

1 

I-‘ w 
-4 

I 



SCHEDULF: 5 

Distance 

h - g - f 
Tensile Axis from C e Reduction - 

2 €3 € 
Specimen and Test Break Do 2 a  2 b  
Number" Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area €1 

5-16 L Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1060 0.0759 
0.1173 0.1015 
0.1210 0.1123 
0.1220 0.1160 

0.1216 0.1151 
0.1216 0.1151 

0.4851 

0.1304 
0.0943 
0.1043 
0.1043 

0.2380 
0.6640 

0 1-399 
0.0998 
0.1101 
0.1101 

0.2719 
-0.4990 

-0.1074 
-0.0747 

-0.2083 

-0.0825 
-0.0825 

-0.1650 
-0.0636 

-0.025s 
-0.0276 
-0.0276 

-0.0325 

TD 
Room 

5-17 L Temp. 0.4490 
0.2588 
0.1854 
0.1043 
0.0859 

0.5965 
0.3003 
0.2052 
0.1101 
0.0898 

-0.4530 
-0.2342 

-0.0842 
-0.0704 

-0.1594 

-0.1435 

-0.0458 

-0.0194 

-0.0661 

-0.0259 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

0.1083 0.0795 
0.1171 0.0989 
0.1194 0.1066 
0.1218 0.1149 
0.1226 0.1165 

1 

P w 
03 

1 

0.1073 0.0763 

0.1211 0.1123 

0.1225 0.1175 

0.1182 0.1034 

0.1222 0.1154 
0.1224 0.1166 

0.4760 
0.2178 
0.1296 

0.6468 
0.2457 
0.1390 
0.1024 
0.0905 
0.0820 

-0.4940 
-0.1898 

-0.0798 
-0,0695 
-0.0618 

-0. SO73 

-0.1528 
-0.0559 
-0.0317 
-0.0226 
-0.0210 
-0.0202 

5-17 s 
TD 
Room 
Temp. 

Break 0.125 
0.0625 
0. ~250 
0.2500 

0.5000 
0.3750 

0 ' 0975 
0.0866 
0.0788 

5-2 L 0.1018 0.0851 
0.1128 0.1012 
0.1167 0.1113 
0.1185 0.1130 

0.1192 0.1142 
0.1195 0.1153 

0,4456 -0.3850 
-0.2111 
-0.1163 
-0.1010 
-0.0807 
-0.0903 

Break 0.125 
0.0625 
0.1250 
0,2500 

0.5~00 
0.3750 

0,5905 
0.31-39 
0.1849 
0.1544 
0.1265 
0.1378 

-0.2055 
-0.1028 

-0.0534 
-0.0458 
-0.0475 

-0.0686 
0.2694 
0.1687 

RD 
Room 
Temp. 

5-12 L 

0.1430 

0.1288 
0,1182 

0,1065 0.0885 

0,1171 0.1118 
0.1142 0.1063 

0.3968 
0.2231 
0.1621 

0.5062 

0.1769 
0.2525 

-0.3458 
-0,1622 
-0.1117 

-0.1604 

-0.0652 
-0.0903 

Break 0.125 
0.0625 
0.1250 

. * I e 1 b 
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SCHEDULE 5 (continued) 

Distance 

h - g - f C e Tensile Axis from 
Specimen and Test Break Do 2 a  2 b  Reduction - 
Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 €2 €3 

RD 
Room 

5-i2 s Temp 

0.2500 0.1178 0.1130 
0.3750 0.1181 0.1127 
0,5000 0.1197 0.1160 

Break 0.125 0.1055 0.0864 

0.1250 0.1185 0.1134 

0.3750 0.1202 0.1178 

0.0625 0.1153 0.1064 

0,2500 0.1196 0.1164 

o s  5000 0.1213 0.1182 

0.1481 
0.1482 
0.1114 

0.4166 
o . 214-9 
0.1090 
0.0938 
0,082ic 

0.1400 

0. i603 -0. 1010 
0.1604 -0.1036 
0.1180 -0.0747 

0.5392 -0.3695 

0.1153 -0.0712 
0 .0981;- -0 . 0 j 93 

0.2427 -0.1611 
0.1507 -0.0973 

0.0859 -0.Cjg3g 

-0.0593 
-0.0568 
-0.0433 

-0.1697 
-0.0816 

-0 .0li-41 

-0.0300 

-0.053lt 

-0.0391 
I 

t-J 
W 
\D 

I 



SCHEDULE 6 

Distance 

h - g - f C e Tensile Axis from 
Reduction - 

1 €2 €3 E 
Specimen and Test Break Do 2 a  2 b  
Numbera Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

6-1 L 

TD 
Room 

6-1 s Temp. 

6-2 L 

TD 
Room 

6-2 s Temp. 

6-4 L 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 

Break 0.126 
0.0625 
0.1.250 
0.2500 
0.3750 
0.5000 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 

Break 0.126 
0.0625 
0.1250 

0.1096 
0.1178 
0.1200 
0.1202 
0.1226 
0.1234 

0.1090 
0.1175 
0.1201 
0.1228 
0. ~232 

0.1098 
0.1180 
0.1206 
0.1211 
0.1219 
0.1226 

0.1107 

0.1218 
0.1230 

0.1092 

0.1193 

0.1241 

0.1173 
0.1197 

0.0703 
0.0949 
0.1037 
0.1028 
0.1122 
0.1156 

0.0686 
0.0936 
0.1056 
0.1146 

0.0697 

0.1154 

0.0948 
0.1045 
0.1079 
0.1121 
0.1155 

0.0704 

0.1082 
0.0986 

0.1131 
0.1178 

0.0683 

0.0996 
0.0905 

0.5147 
0.2958 
0,2162 
0.2217 
0.1336 
0.1015 

0.5290 
0.3073 
0.2012 
0.1136 
o.iolt5 

0.5180 
0.2954 
0.2062 
0.1770 
0 1.393 
0.1081 

0.5091 
0.2591 
0.1699 
0.1238 
0.0792 

0.5302 

0.2491 
0 * 3313 

0.72115 
0.3507 
0.2437 
0.2)+04 
0.1434 
0.1068 

0.7532 
0.3674 
0.2141 
c). 1205 
0.1102 

0.7300 
0.350b 

0.19kg 

0.1143 

0.7123 

0.2311 

0.1500 

0.3000 
0.1862 
0.1322 

0.7561 

0.2863 

0,0824 

0.4024 

-0.5840 
-0.2834 
-0.1950 
-0.2038 
-0.1160 
-0.0860 

-0.6082 
-0.2976 
-0.1766 

-0.0878 
-0.0948 

-0,5922 
-0.2848 
-0.1873 

-0.1170 
-0.0869 

-0.5828 

-0.1524 

-0.1553 

-0.2454 

-0.1081 
-0.0672 

-0.6130 
-0.3310 
-0.2352 

-0.1405 

-0.0487 
-0.0366 
-0.0274 
-0.0208 

-0,1450 

-0.0673 

-0.0698 

-0.0257 

-0.1-378 
-0.0656 

-0 * 0375 

-0. 02‘24 

-0 I 0438 
-0.0396 

-0.0274 
-0.0330 

-0.1295 
-0.0546 

-0.0241 
-0.0338 

-0.0152 

-0.07111- 
-0.0511 

-0.1431 

1 

I-J 
-!= 
0 

1 
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SCHEDULE 6 (continued) 

Distance 
Tensile Axis from c 

h - f3 - e f Reduction - 
3 E E 

Specimen and. Test Break Do 2 a  2 b  
“1 2 

a Number Temperatureb (in. ) (in. ) (in. ) (in. ) in Area 

0.2615 
0.1687 
0.1484 

0.2500 0.1204 0.1015 
0.3750 0.1219 o.iioo 
0.5000 0.1223 0.1119 

0 I 2303 
0.1554 
0.1380 

-0.2161 

-0.1186 
-0.1357 

-0.0454 
-0.0330 
-0.0298 67-1/20 

Room 
6-11 s Temp. Break 0.126 0.1096 0.0698 

0.1250 0.1195 0.1002 
0.2500 0.1214 0.1073 

0.5000 0.1235 0.1161 

0.0625 0.1169 0.0896 

0 * 1750 0.1225 0.1136 

0.5181 
0.3403 
0.2458 
0.1795 

0.7311 
o . 11-160 

-0.5915 
-0.311.12 
-0.2291 
-0.1607 
-0. 1036 
-0.0818 

-0.1396 
-0.0748 
-3.053!1 
-0.0372 
-0.0281 
-0.0200 

0.2829 
0 f 1979 

0.1235 
0.0969 

0.1317 
0.1018 

6-5 L Break 0.127 0.1105 0.0734 
0.0625 0.1187 0.09145 
0.1250 0.1205 0.1017 

0.5000 0.1228 0.1112 

0.2500 0.1218 0.1097 
0.3750 0.1221 0.1095 

0.6879 
0.3642 
0.2748 
0.1883 

0.1666 
0.1877 

-0.5485 

-0.2223 
-0.1465 
-0.1481: 

-0.2958 

-0.1330 

0. ’1971 
0.3045 
0.2402 
0.1716 
0.1711 
0.1534 

0.4683 

0.2135 
0.2776 

0.1812 
0.1605 
0.1531 

-0,13911 
-0.0684 

-0.0418 
-0 * 0393 
-0.0336 

-0.0525 

45 O 

Room 
6-5 s Temp. Break 0.127 0.1124 0.0763 

0.0625 0.1195 0.0975 
0.1250 0.1207 0.1051 
0.2500 0.1216 0.1086 
0.3750 0.1221 0.1109 
0.5000 0.1224 0.1116 

0.6322 
0.3265 
0.2412 
0.1974 
0.1775 
0.1663 

-0.5100 
-0.X2-8 
-0.1895 
-0.15110 
-0.1357 
-0.1291:- 

-0.1222 
-0.0617 
-0.0517 
-0.04311- 
-0.0418 
-0.0369 

6-8 L 0.4602 
0 * 2820 
0.2382 
0.1799 
0.1259 
0.1206 

Break 0.125 0.1094 0.0771 
0.0625 0.1165 0.9063 
0.1250 0.1182 0.1007 
0.2500 0.1201 0.1067 
0 * 3750 0.1214 0.1125 
0.5000 0.1217 0.1129 

0.6127 

0.2721 

0.1287 

0.3314 

0.1984 
0.1347 

-0.4838 
-0,2610 
-0.2162 
-0.1584 
-0.1055 
-0.1020 

-0.1289 
-0.0704 
-0.0559 
-0.0400 
-0.0292 
-0. -267 22.5” 

Room 
6-8 s Temp. Break 0.125 0.1104 0.0776 

0.0625 0.1169 0.0949 
0.4518 
0.2900 

0.6016 
0.3428 

-0.4773 
-0.2758 

-0.1243 
-0.0670 



SCHEDULE 6 (continued.) 

Distance 

h - g - f Tensile Axis from c e Reduction - 
2 €3 E 

Specimen and Test Break Do 2 a  2 b  
Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 

6-30 L 

6-30 s 

6-35 L 

6-35 S 

RD 
Room 
Temp. 

RD 
Room 
Temp. 

RD 
Room 
Temp. 

0.1250 0.1202 0.1052 

0.5000 0.1216 0.1121 

0.2500 0.1214 0.1114 
0 * 3750 0.1211 0.1099 

Break 0.126 0.1092 0.0842 
0.0625 0.1174 0.1032 
0.1250 0.1194 0.1080 
0.2500 0 * 1202 0.1121 
0.3750 0.1209 0.1131 
0.5000 0.1218 0.1147 

Break 0.126 0.1074 0.0798 
0.0625 0.1178 0.1012 
0.1250 0.1205 0.1095 
0.2500 0.1215 0.1134 
0.3750 0.1227 0.1153 

Break 0.125 0.1064 0.0752 
0.0625 0.1160 0.0959 
0.1250 0.1185 0.1037 
0.2500 0.1193 0.1100 

0.5000 0.1195 0.1094 
0.3750 0 . ~ 9 5  0.1119 

Break 0.125 0.1064 0.0745 
0.0625 0.1160 0. a974 
0.1250 0.1196 0.1087 
0.2500 0.1214 0.111!-7 
0.3750 0.1215 0.1126 

0.1907 
0.1345 
0.1482 
0.1276 

0.2369 
0.1878 
0.1513 
0.1387 
0.1200 

0.4602 

0.1689 
0.1321 
0.1089 

0.2880 

0.1601 

0.1633 

0.2769 
0.1680 
0.1088 
0.1244 

0.4208 

0.2491 

0.4879 

0.2135 

0.1442 

0.4927 

0.2116 
0.1446 
0.1606 
0.1366 

0 5473 

0.2081 
0.1641 

0.2705 

0.1494 
0.1277 

0.6169 

0.1852 

0.1151 

0.6715 
0.3398 
0.2410 
0.1751 
0.1751 

0.2864 

0.1418 

0.1780 

0.6795 
0. 32ii-Ji- 
0.1839 

0.1328 
0.1155 

-0.1725 
-0.1154 
-0.1289 
-0.1090 

-0.1998 

-0.1170 
-0,1081 
-0.0939 

-0.4570 
-0,2192 
-0.1405 

-0.0886 

-0.5100 
-0.2652 
-0.1876 
-0.1280 
-0.1110 
-0.1330 

-0 a 4032 

-0.1543 

-0.1055 

-0.5180 
-0.2498 
-0.1399 
-0.0861 
-0.10!+4 

-0.0391 
-0.0292 

-0.0276 
-0.0317 

-0.1441 
-0.0707 
-0.0538 
-0.0471 
-0.0413 
-0.0338 

-0 - 1.599 
-0.0672 
-0.0447 
-0.0363 
-0.0265 

-0.1615 
-0.0746 
-0.0534 
-0.01171 
-0. ob50 
-0. oh50 

-0.1615 
-0.07’1-6 

-0.029b 
-0,0281~ 

-0.0440 

I 

I 

. L I b 
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SCElEDULE 7 

Distance 
h - g - f c e Reduction - 
3 E 2 E 1 E 

Specimen and Test Break o 2 a  2 b  D Tensile Axis from 

Numbera Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

0.125 0.1145 
0.1189 
0.1210 
0.1217 
0.1213 
0.1216 

0.0898 

0.1101 
0.1030 

0.3420 
0.2162 
0.1474 
0.1020 
0.1080 
0.0887 

0.4187 
0.2438 
0 * 1595 
0.1074 
0.1142 
0.0928 

-0.3310 
-0.1938 
-0.1270 

-0.0652 

-0.0807 
-0.0842 

-0.0877 
-0.0500 

-0.0267 
-0.0300 
-0.0276 

-0.0325 

7-17 L Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1153 
0.1149 

TD 
Room 
Temp. 0.1171 

0.2944 
0.1845 
0.1448 
0.1440 
0.1500 
0.1501 

7-4 L 0.125 0.1083 
0.1151 
0.1167 
0.1164 
0.1163 
0.1171 

0.1018 
0.1107 
0.1145 
0.1149 
0.1142 
0.1134 

0.3490 
0.2039 

0.1554 
0.1563 

0.1624 
0.1625 

-0.2055 
-0.1215 
-0.0877 
-0.0842 

-0 - 0973 
-0.0903 

-0.1435 
-0.0824 
-0.0686 
-0.0712 
-0.0652 -0.0721 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 RD 

Room 
7-4 s Temp. 0.125 0.1060 

0.1182 

0.1140 
0.1170 

0.3832 
0.2181 
0.1599 
0.1331 

-0.2182 
-0.1261 
-0.0938 
-0.0772 

-0.1650 
-0.0920 
-0.0661 
-0.0559 

0.1004 
0.1102 
0.1138 
0.1157 

0.3189 
0.1960 
0.1479 
0. I248 

Break 
0.0625 
0.1250 
0,2500 

0.3693 
0.2152 
0.1512 
0.1161 
0.0858 

-0.2468 
-0.1380 
-0.0868 
-0.0695 
-0.0475 

0.125 0.1106 
0.1157 
0.1172 
0.1193 
0.1203 

0.0977 
0.1089 
0.1146 
0.1166 
0.1192 

0.3084 

0.1404 
0.1097 

0.1936 

0.0823 

-0.1225 

-0.0644 
-0.0466 

-0.0772 

-0.0383 

7-13 L Break 
0.0625 
0.1250 
0,2500 
0.3750 

RD 
Room 
Temp. 



Distance 
c 

h - f - g e 
Specimen and Test Break o 2 a  2 b  Reduction - D Tensile Axis from 

€1 €2 €3 
a Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

8-1 L Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

Room 
8-2 L Temp. Break 0.125 

0.1183 0.0778 
0.1224 0.0999 
0.1235 0.1084 
0.1240 0.1138 
0.1242 0.1148 
0.1243 0.1154 

0.4203 
0.2298 
0.1568 
0.1112 
0.1019 
0.0965 

-0.0629 
-0.0296 
-0.0202 
-0.0161 
-0.0146 
-0.0139 

0.5454 

0.1707 
0.2621 

0.1177 
0.1069 
0.1016 

-0.4825 
-0.2325 
-0.1505 
-0.1016 
-0.0923 
-0.0877 

0.1165 0.0733 

0.1232 0.1127 
0.1230 0.1119 

0.1216 0.0984 
0.1228 0.1077 

0.1228 0.1110 

0.4535 

0.1536 

0.1191 
0.1276 

0.2342 

0.1114 

0.6064 
0.2667 
0.1666 

0.1369 

0.1177 
0.1275 

-0.5342 

-0.1486 
-0.2390 

-0.1032 

-0.1189 
-0.1114 

-0.0704 
-0.0277 

-0.0145 
-0.0180 

-0.0161 
-0.0180 

I 

I-' 
4= cn 
I 

8-4 L Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

67.5" 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Room 
8-4 s Temp. Break 0.125 

0.1154 0.0707 
0.1200 0.0923 
0.1214 0.1005 
0.1223 0.1074 
0.1229 0.1106 
0.~32 0.1130 

0.4778 
0.2911 
0.2192 

0.1301 
0.1090 

0.1594 

0.6556 
0.3441 
0.2477 
0.1733 
0.1391 
0.1156 

-0.5760 
-0.3033 
-0.2183 
-0.1521 
-0.1225 
-0 * 1010 

-0.0796 
-0.0408 
-0.0294 
-0.0212 
-0.0166 
-0.0146 

0.1141 0.0651 
0.1200 0.0898 
0.1212 0.0989 
0.1223 0.1064 
0. i228 0.1103 
0.1232 0.1124 

0.5246 

0.2328 
0.1672 

0.1138 

0.3103 

0.1331 

0.7444 

0.2646 
0.1822 
0.1431 
0.1201 

0.3723 
-0.6534 
-0 * 3315 
-0.2341 
-0.1610 
-0.1251 
-0.1055 

-0.0910 
-0.0408 
-0.0308 
-0.0212 
-0.0180 
-0.0146 

8-6 L Break 0.124 
0.0625 
0.1250 

0.1135 0.0689 

0.1205 0.0987 
0.1190 0.0909 

0.4914 
0.2965 
0.2265 

c. 6776 
0.3521 
0.2572 

-0.5892 
-0.3108 
-0.2283 

-0.0884 
-0.0413 
-0.0289 

v . . t 
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SCHEDULE 8 (continued) 

Distance 

h - g - e f Tensile Axis from C 
Reduction - 

2 €3 E 
Specimen and Test Break Do 2 a  2 b  

€1 a 
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

45 a 

Room 
Temp. 

0.2500 

0.5000 
0.3750 

0.1200 0.1032 
0.1214 0.1066 
0.1221 0.1099 

0.1872 
0.1584 
0.1273 

0.2077 
0.1732 
0.1367 

-0.1834 
-0.1515 
-0.1211 

-0.0243 
-0.0217 
-0.0156 

8-6 s 0.1142 0.0693 
0.1192 0.0913 
0.1207 0.1002 
0.1219 0. io75 

0.4853 
0.2922 

0.6643 

0.1605 

0.3404 
0.2400 

-0.5820 
-0.3012 
-0.2132 
-0.1428 

-0.0823 

-0.0268 
-0.0392 

-0.0177 

45 a 

Room 
Temp. 

Break 0.124 
0.0625 
0.1250 
0.2500 

0.2134 
0.1478 

0.1141 0.0682 
0.1198 0.0917 
0.1212 0.1007 
0.1221 0.1076 
0.1226 0.1110 
0.1229 0.1126 

0 * 6975 -0.6065 
-0.3093 

-0,1496 
-0.1189 

-0.2159 

-0.1044 

8-8 L Break 0.125 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0.5020 
0.2969 
0.2189 

0.1290 
0.1592 

0.1143 

-0.0910 

-0,0232 
-0.0192 

-0.0424 
-0,0304 

-0.0171 

1 

0.3517 
0.2463 
0.1728 
0.1381 
0.1215 

P -r= 
-4 

1 

22.5" 
Room 
Temp. 0.1132 0.0663 

0.1198 0.0910 

0.1231 0.1122 

0.1214 0.1014 
O.I-227 0.1095 

0.1235 0.1141 

0,7326 
0.3601 

0.1506 
0.1227 
0.1025 

0.2384 

-0.6340 

-0.2090 

-0.1076 

-0 3177 

-0.1325 

-0.0904 

-0.0986 

-0.0181 
-0.0151 
-0.0121 

-0.0424 
-0.0294 

8-8 S Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.5197 
0.3023 
0.2122 
0.1401 
0.1160 
0.0982 

8-27 L 0.1169 0.0741 
0.1216 0.0940 
0.1229 0.1026 

0.4456 

0.1930 
0.2684 

-0.5235 
-0.2850 
-0.1973 

-0.0672 

-0.0171 
-0.0274 

Break 0.125 
0.0625 
0.1250 

0 * 5907 
0.3124 
0.2144 RD 

Room 
8-27 S Temp. 0.1162 0.0721 

0.1226 0.1027 
0.1235 0.1089 

0.1210 0.0936 
0.4638 
0.2752 
0.1942 
0.1392 

0.6226 

0.2152 
0.1502 

0.3215 
-0.5500 
-0.2890 
-0.1960 
-0.1381. 

-0.0726 

-0.0192 
-0.0325 

-0.0121 

Break 0.125 
0.0625 
0.1250 
0.2500 



SCHEDULE 8 (continued) 

Distance 

h - g - f 
Tensile Axis from C e 

Reauction - 
2 €3 E 

Specimen and Test Break Do P a  2 b 
Numbera Temperatureb (in. ) (in. ) (in. ) (in. ) in Area €1 

8-31 L 0.1133 0.0714 

0.1206 0.0997 
0.1220 0.1059 

0.1235 0.1128 

0.1192 0.0918 

0.1229 0.1098 

0.4823 
0.2997 
0.2305 

0.6576 
0.3563 
0.2613 
0.1903 
0.1466 
0.1152 

-0.0981 
-0.0356 -0.0471 

-0.0243 

-0.0121 
-0.0171 

Break 0.125 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

-0 * 5595 

-0.1660 

-0.1031 

-0,3092 
-0.2257 

-0.1295 
Fa 
Room 
Temp. 

0.1731 

0.1084 
0.1364 

8-21 L Break 0.125 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0.1122 0.0634 
0.1188 0.0821 
0.1203 0.0900 

0.1226 0.1031. 
0.1216 0.0978 

O.l-233 0.1064 

0.5447 
0.3758 

0.1910 
0.1604 

0.3071 
0.2389 

0.7869 
0.4712 
0.3668 
0.2730 
0.2120 
0.1768 

-0.6788 
-0.4204 

-0.2454 
-0.3285 

-0.1926 
-0.1611 

-0.1080 

-0.0383 
-0.0276 

-0.0509 

-C. 0194 
-0.0137 

I 

E 
I RD 

302°F 
8-21 S Break 0.125 

0.0625 
0.1250 
0.2500 

0.5000 
0 - 3750 

0.1160 0.0672 
0.1191 0.0836 

0.1225 0.1009 
0.1231 0. io55 

0.1211 0.0914 

0.1235 0 .  io87 

0.6954 

0.3448 
0.2344 
0.1849 

0.4506 

0.1518 

-0.6206 
-0.4023 
-0.3131 
-0.2142 
-0.1696 
-0.1397 

-0.0747 
-0.0484 
-0.0317 
-0.0202 
-0.0153 
-0.0121 

0.5011 
0.3628 
0.2916 
0.2089 
0.1688 
0.1408 

8-13 L Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0 * 3750 

0.1056 0.0510 
0.1165 0.0755 
O.ll9O 0.0848 
0.1210 0.0947 
0.1222 0.1014 
0.1233 0.1070 

0.6553 

0.2666 
0.2070 
0.1556 

0.4371 
0.3542 

1.0651 

0.3101 

0.1692 

0.5746 
0.4372 

0.2319 

-0.8965 
-0.5042 
-0.3880 
-0.2776 
-0.2092 
-0.1555 

-0.1687 
-0.0704 
-0.0492 
-0.0325 
-0.0226 
-0.0137 m 

572°F 
8-13 s Break 0.125 

0.0625 
0.1250 

0.1072 0.0528 
0.1172 0.0754 
0.1198 0.0857 

0.6378 
0,4344 
0.3429 

1.0154 

0.4200 
0.5699 

-0.8618 
-0.5055 
-0 * 3775 

-0.1536 
-0.0644 
-0.0425 

I * 4 . 1 
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SCHEDULE 8 ( c o n t i n u e d )  

. 4 s I 

Dis tance  

h - g - f T e n s i l e  Axis from C e Specimen and. T e s t  Break Do 2 a  2 b  Reduct ion  - 
€1 €2 € 3  a 

Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

o .2500 
0.3750 
0.5000 

8-15 L Break 
0.0625 
0.1250 
0.2500 

RD 0.3750 
572°F 0.5000 

8-15 S RD Break 
572°F 0.0625 

0.1250 
o .e500 

0.5000 
0.2750 

0.1221 

0.1239 
0.1232 

0.125 0.1073 
0.1176 
0.1202 
0.1221 
0.1232 
0.12'41 

0.125 0.1105 
0.1186 
0.1206 
0.1220 
0.1231 
0.1236 

0.0973 
0.1044 
0.1097 

0.0513 
0.0766 
0.0879 
0.0995 
0.1061 
0.1108 

0.0561 
0.0781 
0.0873 
0.0952 
0.1012 
0.1060 

0.2397 
0.1768 
0.1301 

0.6477 

0.3238 
0.2225 
0.1634 
0.1200 

0. '+235 

0.6033 

0.3262 
0.2567 
0.2027 
0.1615 

0.4072 

0.2740 

0.1394 
0.1946 

1.0433 
0.5507 
0.3913 
0.2516 
0.1784 
0.1278 

0.9245 
0.5229 
0.3948 
0.2966 
0.2265 
0.1761 

-0.2505 
-0.1801 
-0.1306 

-0.8906 

-0.2282 
-0.1637 
-0.1206 

-0.4897 
-0.3521 

-0.8012 
-0.4703 
-0.3590 
-0.2723 
-0.2112 
-0.1647 

-0.0235 
-0.0145 
-0.0088 

-0.1527 
-0.0610 
-0.0392 
-0.0235 
-0.0145 
-0.0072 

-0.1233 
-0.0526 
-0.0358 

-0.0113 

-0.0243 
-0.0153 

I 

P 
i= 
XI 
I 



scmm 9 

Di stance 

h - g - f Tensile Axis from c e Reduction - 
3 E 

Specimen and Test Break Do 2 a  ti 2 b  
€1 €2 a 

Number Temperature (in.) (in.) (in.) (in.) in Area 

9-17 L 

9-17 S 

9-19 s 

9-2 L 

9-2 S 

TD 
Room 
Temp. 

TD 
Room 
Temp. 

RD 
Room 
Temp. 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1172 0.0732 
0.1215 0.0946 
0.1224 0.1032 
0.1232 0.1110 
0.1234 0.1155 
0.1237 0.1165 

0.1159 0.0684 
0.1213 0.0926 
0.1226 0.1023 
0.1237 0.1112 

0.1162 0.0685 
0.1213 0.0930 
0.1229 0.1029 
0.1241 0.1121 
0.1241 0.1135 

0.1146 0.0730 
0.1201 0.0926 
0.1217 0. ioio 

0.1240 0.1130 

0.1233 0.1093 
0.1239 0.1126 

0.1142 0.0712 
0.1199 0.0920 
0.1215 0.1005 
0.1228 0.1082 

0.1239 0.1132 
0.1234 0.1110 

0.4509 
0.2644 
0.1916 
0.1248 
0.0878 
0.0777 

0.4926 
0.2811 
0 - 1973 
0.1196 

0.2780 
0.1906 

0.0985 

0.4646 

0.4906 

0.1097 

0.2882 
0.2133 
0.1375 
0.1071 
0.1032 

0.4796 
0.2940 
0.2185 
0.1496 
0.1234 
0.1024 

0.6003 

0.2126 
0.3074 

0.1334 
0.0919 
0.0808 

0.6785 
0.3305 
0.2199 
0.1274 

0.6749 
0.3260 
0.2115 
0.1170 

0.6249 
0.3405 
0.2399 
0.1481 
0.1140 
0.1092 

0.6541 
0.3485 
0.2466 
0.1631 
0.1318 
0.1086 

0.1044 

-0.5359 
-0.2790 
-0.1916 
-0.1189 
-0.0790 
-0.0704 

-0.6030 

-0.2006 
-0.1170 

-0,6020 
-0.2960 

-0.1090 
-0.0964 

-0.3005 

-0.1946 

-0.5381 
-0.3005 
-0.2132 
-0.1344 
-0.1045 
-0 * 1010 

-0.5638 
-0.3069 
-0.2182 
-0.1454 
-0.1189 
-0.0991 

-0.0644 
-0.0284 
-0.0210 
-0.0145 
-0.0129 
-0.0104 

-0.0755 
-0.0300 
-0.0193 
-0.0104 

-0.0729 
-0.0300 
-0.0169 
-0.0080 
-0.0080 

-0.0868 

-0.0267 
-0.0400 

-0.0137 
-0.0095 
-0.0082 

-0.0903 
-0.0416 

-0.0129 

-0.0284 
-0.0177 

-0.0095 

I 

I * 
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SCHEDULF 9 (continued) 

Distance 
C 

h - - e f Reduction - 
3 E 1 €2 E 

Specimen and Test Break o 2 a  2 b  
D Tensile Axis f r o m  

a Number Temperatureb (in. ) (in. ) (in. ) (in. ) in Area 

9-10 L Break 0.1-25 0.1146 0.0706 0.1~822 0.6569 -0.5701 -0.0868 
0.0625 0.1202 0.0918 0.2938 0.3471 -0.3079 -0.0392 
0.1250 0.1217 0.1012 0.2118 0.2379 -0.2112 -0.0267 

RD 0.2500 0.1224 0.1058 0.1712 0.1880 -0,1670 -0.0210 
Room 0.3750 0.1228 0.1067 0.1614 0.1761 -0,158k -0.0177 
Temp. 0.5000 0.12311 0.1105 0.1273 0.1364 -0.1235 -0.0129 



Distance 
h - e - f C e Tensile Axis from 

Reduction - 
2 €3 E 

Specimeg and Test Break Do 2 a  a 2 b  
Number Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n ,  ) i n  Area €1 

0.125 0.1042 
0.1152 
0.1190 
0.1215 
0.1220 
0.1222 

0.0673 
0.0918 

0.1115 

0.1138 

0.1028 

0.1135 

0.5512 
0.3232 
0.2171 
0.1330 
0.1138 
0.1100 

0.8016 
0.3906 

0.1206 
0.1156 

0.2447 
0.1428 

-0.6200 
-0.20911. 
-0 1.955 
-0.1144 
-0.0964 
-0.0934 

-0.1816 
-0.0812 
-0.0492 
-0.0284 
-0.0243 
-0.0222 

10-7 S Break 
0.0625 
0.1250 
0.2500 
0 - 3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

Room 
10-7 L Temp. Break 0.6934 

0 3554 
0.2738 

0.1156 
0.1807 

0.0855 

-0.1544 
-0.0747 
-0.0544 
-0.0346 
- 0.0202 
-0.0141 

0.125 0.1071 
0.1160 

0.1225 
0.1232 

0.1184 
0.1207 

0.0729 
0,0944 
0,1003 
0.1080 
0.1136 
0.1163 

0.5003 
0.2992 
0.2400 

0.1094 
0.1657 

0.0830 

-0.5390 
-0.2807 
-0.2194 

-0.0954 
-0.0714 

-0.1461 

10-8 s Break 
0.0625 
0.1250 
0.2500 
0 * 3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

Room 
10-8 L Temp. Break 

0.124 0.1045 

0.1178 
0.1211 

0.1227 

0.1150 

0.1227 

0.0728 
0.0962 
0.1038 
0.1121 
0.1167 
0.1174 

0.0705 
0.0951 
0.1041 

0.1139 
0.1154 

0.1115 

0.7048 

0.2293 
0.1248 
0.0713 

0.3289 

0.0660 

-0.1715 
-0.0752 
-0.0513 
-0.0238 
-0.0105 
-0.0105 

0.5052 

0.2048 
0.2805 

0.1171 
0.0687 
0.0632 

-0.5333 
-0.2537 
-0.1780 
-0.1010 
-0,0608 
-0.0555 

0.5268 
0.2918 

0.0985 
0,0829 

0.2004 
0.1255 

0.7484 
0.3449 
0.2236 
0.134b 
0.101~8 
0.0876 

-0.5650 
-0.2653 
- 0 .1744 
-0.1065 
-0.0855 
-0.0725 

-0.1834 

-0.0492 
-0.0796 

-0.0279 
-0,0193 
-0.0151 

0.124 0.1032 

0.1181 
0.1206 
0.1217 
0.1222 

0.1145 

Break 0.125 0.lOOg 0.0801 
0.0625 0.1122 0.0997 

0.4828 
0.2841 

0.6595 
0 - 3334 

-0.1~450 
-0.2258 

-0.2145 
-0.1076 

10-1 L 

I * 



SCHEDULE 10 (continued.) 

1 

Distance 
C 

h - g - e f Reduction - 
2 €3 

E 1 E 
Specimen and Test Break o 2 a  2 b  D Tensile Axis from 

Numbera Temperatureb (in. ) (in. ) (in. ) (in, ) in Area 

10-2 L 

10-6 L 

10-6 s 

10-9 L 

RD 
Room 
Temp. 

RD 
Room 
Temp. 

RD 
572°F 

TD 
572°F 

0.1250 0.1164 0.1071 
0.2500 0.1191 0.1128 

0.5000 0.1208 0.1158 
0 * 3750 0.1201 0.1144 

Break 0.125 0.0988 0.0791 
0.0625 0.1118 0.0985 
0.1250 0.1162 0.1067 
0.2500 0.1188 0.1118 
0 * 3750 0.1197 0.1131 
0.5000 0.1196 0.1136 

Break 0.123 0.0812 0.0598 
0.0625 0.1035 0.0882 
0.1250 0.1095 0.0985 
0.2500 0.1110 0.1011 
0.2750 0.1126 0.1051 
0.5000 0.1151 0,1085 

Break 0.123 0.0828 0.0610 
0.0625 0.1051 0.0896 
0.1250 0.1106 0.1006 
0.2500 0.1147 0,1067 

Break 0.124 0.0925 0.0495 
0.0625 0.1093 0.0806 
0.1250 0.1145 0.0941 
0.2500 0.1170 0.1022 
0.3750 0.1188 0.1070 
0.5000 0.1208 0.1116 

0.2022 
0.1402 

0.1047 

0.4998 
0.2952 

0.1207 

0.2065 
0.1500 
0.1336 

0.6790 
0.3966 
0.2871 
0.2582 
0.2178 

0.6662 
0.3776 
0.2646 
0.1911 

0.7022 
0.4271 
0.2993 
0.2223 
0.1733 
0.1232 

0.1305 

0.1745 

0.2259 
0.1507 
0.1282 
0.1114 

0.6921 
0.3498 
0.2305 
0.1629 
0.1432 
0.1393 

1.1365 
0.5052 

0.2456 
0.1918 

0.3384 
0.2987 

1.0971 
0.4741 
0 * 3073 
0.2120 

1.2114 
0.5570 

0.2515 
0.1903 
0.1315 

0.3556 

-0.1544 
-0.1026 
-0.0890 
-0.0768 

-0.2383 
-0.1579 
-0.1121 
-0.0998 
-0. 0951+ 

-0.7212 
-0.3326 
-0.2221 
-0.1961 
-0.1573 

-0 - 4575 

-0.1254 

-0.7013 
-0.3168 
-0.2010 
-0.1422 

-0.9183 
-0.4308 
-0.2759 
-0.1934 
-0.1474 
-0.1054 

-0.0715 
-0.0481 
-0.0392 
-0.0346 

-0.2346 
-0.1115 
-0,0726 
-0.0508 
-0.0434 
-0.0439 

-0.4153 
-0.1726 -0.1163 

-0.1026 
-0.0883 
-0.0664 

-0 3958 
-0 1573 
-0.1063 
-0.0699 

-0.1262 
-0- 0797 
-0.0581. 
-0.0428 
-0.0262 

-0.2931 

1 

t- u 
w 

t 



SCKEDULE 10 (continued) 

Distance 

h - g - f 
Tensile Axis from C e Reduction - 

3 E 2 E 
Specimen and Test Break Do 2 a  2 b  

€1 a Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

Break 0.124 0.09lO 0.0474 
0.0625 0.0905 0.0798 
0.1250 0.1143 0.0926 

0.3750 0.1177 0.1006 
0.2500 0.1183 0.1026 

0.5000 0.1201 0.1060 

0.7195 
0.5303 
0.3116 
0.2106 

0.1720 
0.2299 

1.2711 
0.7557 
0.3734 
0.2365 
0.2613 
0.1888 

-0.9617 
-0.1+408 
-0.2920 
-0.1894 
-0.2091 
-0,1568 

-0.3094 

-0.0814 
-0.0471 

-0.3147 

-0.0521 
-0.0320 

10-9 S 

Break 
0.0625 
0.1250 
0.2500 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0.3750 

572" F 
10-10 s Break 

0.125 0.0929 
0.1099 
0.1148 
0.1188 

0.1224 
0.1208 

0.0498 

0.0931 
0.1037 

0.1142 

0.0823 

0.1089 

-0.2968 
-0.1287 
-0.0851 
-0.0509 
-0.0342 
-0.0210 

10-10 L 0.7039 
0.4211 
0.3160 
0.2116 
0.1581. 
0.1054 

1.2171 
0.5467 
0.3798 
0.2377 
0.1721 
0.1114 

-0.9203 
-0.4179 
-0.2946 

-0 - 1379 
-0,0904 

-0.1868 
1 

1 

0.7084 
0.4210 
0.3096 
0.1934 
0.1919 
0.1897 

-0 * 9365 
-0.4204 

-0.1724 
-0.2872 

-0.1706 
-0.1687 

0.125 0.0930 
0.1102 
0.1150 
0.1198 
0.1198 
0.1199 

0.0490 
0.0821 
0.0938 
0.1052 

0.1056 
0.1054 

1.2322 
0.5464- 
0 * 3705 
0.2149 
0.2130 
0.2103 

-0.2757 
-0.1260 
-0.0834 
-0.0425 
-0.0425 
-0.0417 

Break 
0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

RD 
10-4 S 3020 F Break 

0.124 0.0930 
0.1072 
0.1117 
0.1164 
0.1185 
0.1194 

0.0766 
0.0960 
0.1027 
0.1102 
0.1134 
0.1147 

0.5367 
0.3307 

0.7694 

0.2929 
0.1812 
0.1347 

0. IC015 

0.1158 

-0.4817 
-0.2559 
-0.1885 
-0.1180 

-0.0780 
-0.0894 

-0.2877 -0.1456 

-0.1045 

-0.0454 
-0.0632 

-0.0378 

10-4 L 

0.2539 
0,1658 
0.1260 
0.1093 

0.124 0.0938 
0.1075 
0.1162 
0.1166 
0.1184 
0.1195 

0.0767 
0.0953 
0.1037 
0.1105 
0.1129 
0.1148 

-0.4804 
-0.2632 

-0.0938 

-0.1788 
-0.1153 

-0.0771 

0.5321 
0.3337 
0.2163 
0.1620 
0.1306 
0.1078 

0.7595 
0.4060 
0.2438 
0.1768 
0.1400 
0.1141 

-0.2791 
-0.1428 
-0.0650 
-0.0615 
-0.0462 
-0.0370 
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SCHEDULE: 11 

Distance 

h - g - f Tensile Axis from c e Reduction - 
3 E 2 E 

Specimen and Test Break Do 2 a  a 2 b  
€1 

a Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

0.124 0.0990 

0.1144 
0.1090 

0.1165 
0.1172 
0.1183 

0.0792 
0.0948 
0.1042 
0.1073 
0.1091 
0.1113 

0.4901 
0.3280 
0.2247 
0.1870 
0.1684 
0.1437 

0.6735 
0 * 3974 
0.2546 
0.2070 
0.1844 
0.1551 

-0.4483 
-0.2685 
-0.1740 
-0.1446 
-0.1280 
-0.1080 

-0.2252 
-0.1289 
-0.0806 
-0.0624 
-0.0564 
-0.0471 

11-1 L Break 
0.0625 
0.1250 
0.2500 
0 * 3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Room 
11-1 s Temp. Break 0.4866 

0.3335 
0.2501 
0.1234 
0.0840 
0.0847 

0.6667 
0. bo58 
0.2878 
0.1317 
0.0878 
0.0885 

-0.4445 
-0.2759 
-0.2002 
-0.0956 
-0.0641 
-0.0624 

0.125 0.0993 
0.1089 
0.1136 
0.1196 
0.1211 
0.1208 

0.0795 
0.0941 
0.1015 
0.1127 
0.1163 
0.1165 

-0.2221 
-0.1298 
-0.0876 
-0.0361 

-0.0262 
-0.0237 

I 

tJ 
Ln 
o\ 

I 

11-2 L Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.125 0.0982 

0.1131 
0.1168 
0.1192 
0.1211 

0.124 0.0980 
0.1103 
0.1143 
0.1165 
0.1193 
0.1211 

0.1097 
0.0775 
0.0963 
0.1015 
0.1080 
0.1121 
0.1163 

0.5050 
0.3130 
0.2534 
0.1796 
0.1310 
0.0840 

0.7033 
0 * 3754 
0.2922 
0.1980 
0.1404 
0.0878 

-0.4700 
-0.2728 
-0.2002 
-0.1382 
-0.1009 
-0.0641 

-0.2333 
-0.1225 
-0.0920 
-0.0598 
-0.0395 
-0.0237 TD 

Room 
11-2 s Temp 0.4920 

0.2284 
0.3063 

0.1817 
0.1256 
0.0809 

0.6773 
0,3658 
0.2593 
0.2005 
0.1342 
0.0843 

-0.4420 
-0.21187 
-0.1778 
-0.1382 
-0.0956 
-0.0607 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0797 
0.0967 
0.1038 

0.1127 
0.1167 

0,1080 

-0.2353 
-0.1171 
-0.0814 
-0.0624 
-0.0386 
-0.0237 

Break 0.124 0.0994 0.0868 
0.0625 0.1111 0.1043 

0.4389 
0.2464 

0 * 5778 
0.2829 

-0 * 3567 
-0.1730 

11-11 s -0.2211 
-0.1098 

I a 
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SCHEDULE 11 (continued.) 

. . . I 

Distance 
Tensile Axis from C 

h - g - e f Reduction - 
3 

E 2 E 
Specimen and Test Break Do 2 a  a 2 b  

€1 
a Number Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

11-11 L 

11-12 s 

11-12 L 

11-6 s 

45" 
Room 
Temp. 

45" 
Room 
Temp. 

45 O 
Room 
Temp. 

m 
Room 
Temp. 

0.1250 
0.2500 
0.3750 

Break 0.124 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

Break 0.122 
0.0625 
0.1250 
0.2500 
0.3750 

Break 0.122 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.123 
0.0625 
0.1250 
o ,2500 
0.3750 
0.5000 

0.1158 0.1112 
0.1194 0.1159 
0.1208 0,1178 

0.1008 0.0878 
0.1102 0.1035 

0.1147 0.1099 

0,1184 0.1145 

0.1130 0.1076 

0.1167 0.1128 

0.0951 0.0839 
0.1175 0.1039 

0.1168 0.1134 
0.1175 0.1145 

0.1130 0.1082 

0.0961 0.0855 

0.1111 0.1052 
0.1125 0.1071 
0.1121 0.1061 
0.1145 0.1103 

0.1080 0.1006 

0.0942 0.0883 

0.1104 0.1073 
0.1067 0.1027 

0.1135 0.1115 
0.1164 0.1142 
0.1177 0.1160 

0.1625 
0.1000 
0.0745 

0.4244 
0.2582 
0.2992 
0.1802 
0.1439 
0.1183 

0.4639 
0.1798 
0.1785 
0.1101 
0.0961 

0.2700 

0.2009 

0.4480 

0.2148 
0.1905 

0.1515 

0.4502 
0 * 2757 
0.2170 
0.1635 

0.0976 
0.1214 

0.1774 
0.1054 
0.0774 

0.5524 
0.2987 
0.2348 
0.1987 
0.1553 
0.1259 

0.6235 
0.1982 
0.1967 
0.1167 
0.1010 

0.5941 
0.3148 
0.2418 

0.2243 
0.2113 

0.1643 

0.5982 

0.1785 

0.1026 

0.3225 
0.2446 

0.1294 

-0. logo 
-0.0676 
-0.0513 

-0.3452 
-0.1807 
-0.1419 
-0.1207 
-0.0947 
-0 * 0797 

-0.3744 
-0.1606 
-0.1200 
-0.0731 
-0.0634 

-0.3555 
-0.1929 
-0.1482 
-0.1303 
-0.1396 
-0.1008 

-0.3314 
-0.1804 
-0.1366 
-0.0982 

-0.0586 
-0.0742 

-0.0684 
-0.0378 
-0.0262 

-0.2071 
-0.1180 

-0.0780 
-0.0607 
-0.0462 

-0.0929 

-0.2491 
-0.0376 
-0.0766 

-0.0376 
-0.0436 

-0.2386 
-0.1213 
-0.0936 
-0.0811 
-0.0846 
-0.0634 

-0.2668 
-0.1422 
-0.1081 
-0.0804 

-0.0440 
-0.0552 

1 

t-J ul 
-4 

1 



SCHEDULE 11 (continued) 

Distance 

h - g - f 
Tensile Axis from C e Specimen and Test Break ’0 2 a  2 b  Reduction - 

€1 €2 €3 
a Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

0.0938 0.0873 
0.1067 0.1031 
0.1118 0.1088 
0.1148 0.1132 
0.1170 0.1158 
0.1185 0.1170 

0.4587 
0.2729 

0.1410 
0.1045 

0.1960 

0.0836 

0.6138 
0.3186 
0.2182 
0.1520 
0.1103 
0.0873 

-0.3428 
-0.1765 
-0.1227 
-0.0830 
-0.0603 
-0.0500 

11-6 L Break 0.123 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

-0.2710 

-0.0690 
-0.0500 
-0.0373 

-0.1422 
-0.0955 

0.0961 0.0925 
0.1073 0.1061 
0.1116 0.1102 
0.1144 0.1132 
0.1160 0.1155 
0.1158 0.1151 

0.4219 
0.2596 
0 * 2002 

0.5480 

0.2234 
0.1717 
0.1377 
0,11129 

0.3006 
11-7 s Break 0.124 

0.0625 
0.1250 
0.2500 

RD 0.5000 

0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.3750 

Room 
11-7 L Temp. Break 0.124 

-0.2931 
-0.1559 
-0.1180 
-0.0911 
-0.0710 
-0.0745 

-0.2549 
-0.1446 
-0.1054 
-0.0806 
-0.0667 
-0.0684 

1 

P 
aJ ul 0.1578 

0.1286 
0.1332 1 

0.4156 
0.2442 
0.1871 
0.1541 
0.1324 
0.1271 

-0.2802 
-0.1428 
-0.1090 
-0.0920 
-0.0736 
-0.0710 

0.0959 0.0937 
0.1081 0.1075 
0.1124 0.1112 
0.1150 0.1131 
0.1158 0.1152 
0.1162 0.1155 

0.5372 
0.2800 

-0.2570 
-0.1372 
-0.0982 

-0.0650 

-0.0754 
-0.0684 

0.2072 
0.1674 

0.1360 
0.1420 

11-3 L 0.5801 

0.3444 
0.2298 
0.2021 
0.1787 

0.4092 
0.8677 

0.4222 
0.5263 

0.2611 
0.2258 
0.1968 

-0.5503 
-0 - 3307 
-0.2797 
-0.1725 
-0.1536 
-0.1324 

-0.3174 
-0 - 1.955 
-0.1425 
-0.0886 
-0.0721 
-0.0644 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

TD 0.5000 
3020~ 

0.0625 
0.1250 

11-3 s Break 0.125 

0.0910 0.0721 
0.1028 0.0898 
0.1084 0.0945 
0.1144 0.1052 
0.1163 0.1072 
0.1172 0. io95 

0.0928 0.0751 

0.1087 0.0971 
0.1041 0.0900 

0.5540 
0.4004 
0.3245 

0.8074 
0.5115 
0.3923 

-0.5095 
-0.3285 
-8.2526 

-0 * 2979 
-0.1830 
-0 - 1397 

I * . 



. 

S C H E D ~  11 (continued) 

~- 

D i  s tance 

h - f - Q 
Tensile Axis from C e Reduction - 

2 €3 
E 1 E 

Specimen and Test Break Do 2 a  2 b  
Nunibera Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

11-4 L 

11-4 S 

11-8 s 

11-8 L 

TD 
3020~ 

TD 
302°F 

m 
302°F 

0.2500 

0.5000 
0.2750 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.123 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.123 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1125 0.1022 
0.1126 0.1018 
0.1127 0.1024 

0.0971 0.0787 
0.1068 0.0907 

0.1145 0.1040 
0.1089 0.0960 

0.1171 0.1079 
0.1179 0.1103 

0.0953 0.0771 
0.1052 0.0906 
0.1100 0.0968 

0.1187 0.1103 

0.1023 0.1010 
0.1078 0.1065 
0.1109 0.1101 
0.1139 0.1131 

0.1157 0.1062 
0.1177 0.1079 

0.0886 0.0871 

0.1165 0.1159 

0.0870 0.0852 
0.1020 0.1003 
0.1073 0.1052 

0.1103 0. io99 
0.1127 0. ill4 

0.1080 0.1069 

0.2642 
0.2664 
0.2614 

0.5187 
0.3898 
0.3415 
0.2499 
0.2041 
0.1809 

0.5372 
0.3997 
0 * 3293 
0.2260 
0.2001 
0.1753 

0.4899 
0.3170 
0.2412 
0.1929 
0.1485 
0.1075 

0.5100 
0.3238 
0.2539 
0.2369 
0.1988 
0.1702 

0.3067 
0.3098 
0.3030 

0.7312 
0.4940 
0.4178 
0.2876 
0.2283 
0.1995 

0.7704 
0.5102 
0 * 3994 
0.2562 
0.2232 

0.6732 
0.3813 
0.2760 

0.1608 
0.1138 

0.1928 

0.2144 

0 * 7135 
0.3912 
0.2929 
0.2703 
0.2216 
0.1865 

-0.2014 
-0.2053 
-0.1994 

-0,4706 
-0.3287 
-0.2719 
-0.1919 
-0.1551 
-0.1331 

-0.4912 
-0.3298 
-0.2636 
-0.1710 
-0.1551 
-0.1331 

-0.3451 

-0.1440 
-0.1971 

-0.1108 
-0.0839 
-0.0595 

-0.3672 

-0.1563 

-0.1126 

-0.2040 

-0.1403 

-0.0991 

-0.1054 
-0.1045 
-0.1036 

-0.2605 
-0.1653 
-0.1458 
-0.0957 

-0.0665 
-0.0732 

-0.2792 
-0.1804 
-0.1358 
-0.0853 
-0.0681 

-0.3280 

-0.1036 
-0.0769 

-0.3463 
-0.1872 
-0.1366 
-0.1300 
-0.1090 

-0 - 0597 
-0.1843 
-0.1319 

-0.0543 

-0.0874 

1 

1 



SCREDULF: 11 (continued) 

Distance 

h - g - f C e Tensile Axis from 
Reduction - 

2 €3 € 1 E 
Specimen and Test Break Do 2 a  2 b  a Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

11-9 s 

11-9 L 

11-5 L 

11-5 s 

11-10 L 

Break 0.123 
0.0625 
0.1250 
0.2500 

RD 0.5000 
3020 F 

0.0625 
0.1250 
0.2500 

0.5000 

0.3750 

Break 0.123 

0.3750 

Break 0.124 
0.0625 
0.1250 
0.2500 
0 * 3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

572°F 
Break 0.124 

Break 0.124 
0.0625 
0.1250 
0.2500 

0.0899 0.0873 

0.1109 0. io99 

0.1167 0.1160 

0.1039 0.1010 
0.1065 0.1047 

0.1145 0.1133 

0.0862 0.0846 

0.1076 0.1066 

0.1116 0.1102 

0.0992 0.0986 
0.1048 0.1025 

0.1074 0.1053 

0.0835 0.0576 
0.1051 0.0906 
0.1137 0.1046 
0.1165 0.1088 
0.1180 0.1120 
0.1200 0.1136 

0.0875 0.0649 

0.1128 0.1030 

0.1186 0.1120 
0.1175 0.1109 

0.1055 0.0894 

0.1168 0.1084 

0.0744 0.0703 

0.1058 0.1047 
0.1094 0.1079 

0.0973 0.0956 

0.4812 
0.3064 
0.2630 
0.19411- 
0.1425 
0.1052 

0.5180 
0.3535 
0.2900 
0.2418 
0.2525 
0.1871 

0,6872 
0.3807 
0.2265 
0.1756 
0.1405 
0.1134 

0.6307 
0.3866 
0.2444 
0.1766 
0.1361 

0.6598 
0 3950 
0.2796 

0.1525 

0.2323 

0.6563 
0.3658 

0.2162 
0.1538 
0.1112 

0,7298 
0.4362 

0.2769 
0.2910 
0.2072 

1.1622 

0.2569 

0.3051 

0.3424 

0.4792 

0.1932 
0.1514 
0.1204 

0.9961 

0,2802 

0.1463 
0.1655 

1.0783 
0.5026 
0.3279 
0.2644 

0.4887 

0.1943 

-0.3428 
-0.1971 
-0.1611 
-0.1126 
-0.0822 
-0.0586 

-0.3742 
-0.2211 
-0.1823 
-0.1431 
-0.1554 
-0.1099 

-0.7668 
-0.3138 
-0.1701 
-0.1308 

-0.0876 
-0.1018 

-0.6474 

-0.1856 

-0.1018 
-0.1116 

-0.5675 
-0.2601 
-0.1692 

-0.3272 

-0.1344 

-0.1391 

-0.3135 
-0.1688 
-0.1440 
-0.1036 

-0.0526 

-0.3555 
-0.2150 
-0.1601 
-0.1338 
-0.1356 
-0.0973 

-0- 3954 
-0.1654 
-0.0867 
-0.0624 
-0.0496 
-0.0328 

-0.1616 

-0.0598 

-0.0538 

-0.5108 

-0.0716 

-0.3486 

-0.0947 

-0.0445 

-0.2425 
-0.1587 
-0.1253 

1 

kA 
0 

1 



b . - . .  

SCHEDULE 11 (continued) 

, I 

Distance 

h - g - f 
C 

e Tensile Axis from 
Specimeg and. Test Break Do 2 a  2 b  Reduction - 
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area “1 €2 €3 

0.3750 O.ll29 0.1110 0.1850 0.2045 -0.1108 -0.0938 
Fa 0.5000 0.1148 0.1136 0.1518 0.1647 -0.0876 -0.0771 
572°F 

11-10 s Break 0.124 0.0778 0.0724 0.6337 1.0042 -0.5381 -0.4661 

0.250 0.1083 0.1061 0.2527 0.2913 -0.1559 -0.1354 
0.0625 0.0999 0.0967 0.3717 0.4648 -0.2487 -0.2161 

0.2500 0.1129 0.11-20 0.1776 0.1956 -0,1018 -0.0938 
0.3750 0.1159 0.1133 0.1460 0.1578 -0.0902 -0.0676 
0.5000 0.1173 0.1167 0. io97 0.1162 -0.0607 -0.0556 

I 

I 



scmm 12 

Distance 

h - - f 
Tensile Axis from c e Reduction - 

1 €2 €3 
E 

Specimen and. Test Break Do 2 a  2 b  
Number" Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

12-1 s Break 0.124 
0.0625 
0.1250 
0.2500 

TD 0.5000 

0.0625 
0.1250 
0.2500 

0.5000 

0 3750 

Room 
12-1 L Temp. Break 0.124 

0 * 3750 

0.1047 0.0788 

0.1186 0.1054 
0.1134 0.0976 

0.1202 0.1131 
0.1211 0.1152 
0.1208 0.1153 

0.4634 

0.1870 
0.1158 

0.2802 

0.0927 
0.0942 

-0.4534 

-0.1625 
-0.0920 

-0.2394 

-0.0736 
-0.0727 

-0.1692 

-0,0311 

-0.0262 

-0.0894 
-0.0445 

-0.0237 

0.6226 
0.3288 
0.2070 
0.1231 
0.0973 
0.0989 

0.1036 0.0781 0.4738 

0.2108 
0.1426 

0.2831 

0.0897 
0.0631 

0.6420 
0.3329 
0.2367 
0 1539 
0.0939 
0.0652 

-0.4623 
-0.2435 
-0.1768 
-0.1153 
-0.0727 
-0.0530 

-0.1797 
-0.0894 
-0.0598 
-0.0386 
-0.0212 
-0.0122 

0.1134 0.0972 
0.1168 0.1039 1 

P 
[u 

0.1193 0.1105 

0.1225 0.1176 
0.1214 0.1153 

1 

12-2 s Break 0.124 
0.0625 
0.1250 
0.2500 

TD 0.5000 

0.0625 
0.1250 
0.2500 

0.5000 

0 3750 

Room 
12-2 L Temp. Break 0.124 

0 * 3750 

0.5088 
0.3101 
0.2286 

0.1103 
0.1500 

0.1455 

-0.5028 
-0.2685 
-0.1894 
-0.1144 
-0.0850 
-0.1189 

0.1007 0.0750 

0.1156 0.1026 
0.1119 0.0948 

0.1188 0.1106 
0.1201 0.1139 
0.1187 0.1101 

0.7109 
0.3712 

0.1572 
0.2596 

0.1169 
0.1628 

-0.2081 
-0.1029 
-0.0702 

-0.0320 
-0.0428 

-0.0437 

0.1003 0.0744 
0.1118 0.0946 
0.1159 0.1027 
0.1197 0.1117 
0.1208 0.1144 
0.1208 0.1143 

0.5147 

0.2259 
0.1304 
0.1012 
0.1020 

0.3122 
-0.5108 
-0.2706 
-0.1885 

-0.0806 
-0.1045 

-0.0814 

0.7229 
0.3742 
0.2560 
0.1398 
0.1067 
0.1076 

-0.2121 
-0.1036 
-0.0676 
-0.0353 
-0.0262 
-0.0262 

12-15 s 0.1036 0.0835 
0.1137 0.0997 
0.1172 0.1072 

0.4464 
0.2745 
0.1959 

-0.4035 

-0.1536 
-0.2262 

Break 0.125 
0.0625 
0.1250 

0.5912 
0.3209 
0.2180 

-0.1878 

- 0.0644 
-0.0948 



_ .  

I I I’ . 

SCHEDULE l2 (continued) 

Distance 

h - g - f C e Tensile Axis from 
Reduction - 

E 3 E 1 €2 
Specimen and Test Break Do 2 a  ‘ 2 b  
Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area 

12-15 L 

12-16 s 

12-16 L 

12-8 S 

12-8 L 

45 O 

Room 
Temp. 

45 O 

Room 
Temp. 

45 O 

Room 
Temp. 

RD 
Room 
Temp. 

0.2500 

0.5000 
0.3750 

0.1207 0.1142 
0.1217 0.1168 
0.1226 0.1186 

Break 0.125 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

Break 0.125 
0.0625 
0.1250 
0.2500 

Break 0.125 
0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.124 
0.0625 

0.1028 0.0810 

0.1169 0.1066 
0.1190 0.1106 

0.1207 0.1145 

0.1133 0.0995 

0.1201 0.1128 

0.1027 0.0806 
0.1145 0.0974 
0.1173 0.1041 
0.1192 0.1098 

0.1059 0.0798 
0.1143 0.0979 
0.1168 0.1046 
0.1180 0.1088 
0.1201 0.1115 
0.1215 0.1145 

0.0965 0.0864 

0.1157 0.1117 

0.1184 0.1152 

0,1088 0.1024 
0.1~5 0.1084 

0.1175 0.1147 

0.0976 0.0875 
0.1097 0.1022 

0.1178 
0.0903 
0.0694 

0.11671 
0.2785 
0.2025 
0.1577 
0.1330 
0.1155 

0.4548 
0.2862 
0.2185 
0.1624 

0.2838 
0.2181 

0.1096 

0.4592 

0.1783 
0.1430 

0.4578 
0.2754 

0.1587 
0.1235 

0.2069 

0.1129 

0.2708 
0.4446 

0.1254 

0.0719 
0.0946 

0.6294 
0.3264 
0.2262 
0,1716 

0.1227 

0.6065 
0.3372 
0.2465 
0.1772 

0.6146 
0 * 3338 

0.1964 

0.1161 

0.6120 
0.3222 
0.2318 
0.1728 
0.1318 
0.1198 

0.5880 
0 * 3159 

0.1427 

0.2460 

0.1543 

-0.0904 
-0.0678 
-0.0526 

-0.4339 
-0.2882 
-0.1592 
-0.1224 
-0.1027 
-0.0877 

-0.4388 
-0.2495 
-0.1830 
-0.1296 

-0.4488 

-0.1388 

-0.0877 

-0,3613 

-0.1036 
-0.0780 
-0.0736 

-0.2444 
-0.1782 

-0.1143 

-0.1914 
-0.1344 

-0.3486 
-0.1934 

-0.0350 
-0.0268 
-0.0194 

-0 * 1955 
-0.0983 
-0.0670 
-0.0492 
-0.0400 
-0.0350 

-0.1677 
-0.0877 
-0.0636 

-0.1658 

-0.0678 
-0.0576 

-0.0475 

-0.0895 

-0.0400 
-0.0284 

-0.2507 
-0.1308 
-0.0973 
-0.0693 

-0.0462 

-0.1225 

-0.0538 

-0.2394 

I 

K w 
I 



SCHEDULE 12 (continued) 

Distance 

h - g - f Tensile Axis from C e Reduction - 
3 E 

Specimeg and. Test Break Do 2 a  2 b  
Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area El €2 

0.1136 0. io78 
0.1161 0.1113 
0.1169 0 . 1 ~9 
0.1171 0.1132 

0.2036 
0.1596 
0.1416 
0.1-379 

0.2276 
0 * 1739 
0.1527 
0.1484 

-0.0876 
-0.0658 
-0.0590 
-0.0572 

0.1250 
0.2500 
0 ' 3750 
0.5000 

-0.1400 
-0. io80 
-0.0938 
-0.0911 

12-9 s 0.0985 0.0880 

0.1153 0.1105 

0.1187 0.1150 

0.1111 0.1033 

0.1186 0.1146 

0.4452 

0.1846 
0.2655 

0.5892 
0.3086 
0.2041 
0.1394 
0.1351 

Break 0.125 
0.0625 
0.1250 
0.2500 
0 * 3750 

-0.3510 
-0.1907 
-0.1233 
-0.0869 
-0.0834 

-0.2383 
-0.1179 
-0.0808 
-0.0527 
-0.0517 

0.1301 
0.1264 m 

Room 
12-9 L Temp. 

1 

0.0989 0.0873 0.4474 
0.2653 
0.2028 
0.1539 
0.1279 
0.1060 

Break 0.125 
0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.5932 
0.3083 
0.2267 
0.1671 
0.1368 
0.1120 

-0.3590 
-0.1868 
-0.1416 
-0.1009 
-0.0851 
-0.0696 

-0.2342 
-0.1215 
-0.0851 
-0.0661 
-0.0517 
-0.0425 

0.1107 0.1037 
0.1148 0.1085 

1 

0.1170 0.1130 

0.1198 0.1166 
0.1187 0.1148 

12-3 s Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 

TD 0,5000 

0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

302°F 
12-3 L Break 0.124 

0.0947 0.0673 
0.1086 0.0886 

0.1158 0.1027 
0.1126 0.0970 

0.1174 0.1062 
0.1168 0. io58 

0 - 5855 
0.2897 
0.2265 

0.1963 

0.3742 

0.1891 

0.8807 

0.2569 
0.2096 
0.2186 

0.4688 
0.3420 

-0.6111 
-0.3362 
-0.2456 
-0.1885 
-0.1550 
-0.1587 

-0.2696 
-0.1326 
-0.0964 
-0.0684 
-0.0547 
-0.0598 

0.0978 0.0703 
0.1090 0.0902 

0.1192 0.1092 
0.1202 0.1117 

0.1136 0.0984 
0.1171 0.1054 

0.5528 

0.2730 

0.1534 

0.3606 

0 * 1973 

0.1268 

0.8049 
0.4472 
0.3118 
0.2198 
0.1666 
0.1356 

-0 * 5675 
-0.3182 
-0,2312 
-0.1625 
-0.1271 
-0.1045 

-0.2374 
-0.1289 
-0.0876 
-0.0572 
-0.0395 
-0.0311 

I b 1 I 
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SCHEDULE 12 (continued) 

Distance 

h - f - g 
C e Tensile A x i s  from 

Specbeg  and Test Break Do 2 a  2 b  Reduction - 
Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area €1 €2 €3 

12-4 S Break 0.l24 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1001 0.0738 
0.1091 0.0901 
0.1131 0.0977 
0.1163 0.1037 
0.1194 0.1087 
0.1200 0.1111 

0.5196 
0.3607 
0.2814 
0.2156 
0.1559 
0.1329 

0 * 7330 
0.4474 

0.1695 

0.3304 
0.2429 

0.1426 

-0.5189 
-0.3194 
-0.2384 
-0.1788 
-0.1317 
-0.1098 

-0.2141 
-0.1280 
-0.0920 

-0.0328 

-0.0641 
-0.0378 TD 

302’F 

2-4 L TD 
302°F 

Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0976 0.0688 

0.1146 0.1003 

0.1198 0.1106 

0.1087 0.0886 
0.1117 0.0950 

0.117’7 0.1064 

0.5633 
0 ’ 3736 
0.3098 

0.1383 

0.2524 
0.1.855 

0.8285 
0.4678 
0.3709 
0.2910 
0.2042 
0.1488 

-0.5891 
-0.3362 
-0.2664 
-0.2l-21 
-0.1531 
-0.1144 

-0.2394 
-0.1317 
-0,1045 
-0.0788 
-0.0521 
-0.0345 

I 

P 
o\ wl 
I 

0.0945 0.0815 
0.1067 0.0978 
0.1111 0.1050 
0.1136 0.1069 

0.1154 0.1091 
0.1142 0.1073 

0.7074 
0.4037 
0.2922 
0.2520 

0.2160 
0.2430 

-0.4277 
-0.2454 
-0.1744 
-0.1564 

-0.1360 
-0.1527 

12-10 s Break 0.125 
0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.5071 
0.3321 
0.2534 
0.2228 
0.2158 
0.1942 

-0.2797 
-0.1583 
-0.1179 
-0.0956 
-0.0904 
-0.0799 RD 

302 ” F 
12-10 L Break 0.125 

0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.0911 0.0786 

0.1096 0.1017 
0.1146 0.1087 
0.1167 0.1114 
0.1181 0.1131 

0.1039 0.0961 
0.5417 
0.3610 
0.2866 

0.1630 
0.2028 

0.1451 

0.7803 
0.4478 
0.3378 
0.2266 
0.1839 
0.1568 

-0.4639 
-0.2629 
-0.2063 

-0.1152 
-0.1297 

-0.1000 

-0.3164 
-0.1849 
-0.1315 
-0.0869 
-0.0687 
-0.0568 

12-11 s Break 0.124 
0.0625 
0.1.250 

0.0906 0.0791 
0.1044 0.0960 
0.1101 0. io27 

0.7634 
0.4280 
0.3074 

-0.4496 
-0.2559 
-0.1885 

0.5339 
0.3482 
0.2646 

-0.3138 

-0.1189 
-0.1720 



SCHEDULE 12 (continued) 

Distance 
h - g - f C e Tensile Axis from 

Reduction - 
2 €3 € 

Specbeg and T e s t  Break Do 2 a  2 b  
Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area €1 

12-11 L 

12-5 L 

12-5 s 

12-6 L 

12-6 s 

RD 
302”~ 

TD 
572°F 

TD 
572°F 

TD 
572°F 

0.2500 
0.3750 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 

0.0625 
0.1250 
0.2500 

0.5000 

0.0625 

Break 

Break 

Break 

Break 

0 * 3750 

Break 

0.1133 0.1074 
0.1148 0.1094 

0.124 0.0898 0.0788 
0.1036 0.0957 
0.1084 0.1028 
0.1089 0.1028 
0.1108 0.1047 
0.1141 O.llO3 

0.124 0.0898 0.0518 
0.1083 0.0868 
0.1144 0.0988 
0.1176 0.1067 
0.1197 0.1109 
0.1121 0.1137 

0.124 0.0916 0.0556 
0.1091 0.0877 

0.1170 0.1059 
0.1185 0.1090 

0.1137 0.0984 

0.124 0.0898 0.0559 
0.1066 0.0841 
0.1125 0,0958 
0.1169 0.1063 
0.1199 0.1118 
O.l-218 0.1166 

0.124 0.0921 0.0558 
0.107’8 0.0854 

0.2086 
0.1832 

0.5398 
0 * 3552 
0.2753 
0.2719 
0.2455 
0.1815 

0 * 6975 
0 * 3893 
0.2649 

o 1367 

0.6688 
0 - 3777 
0.2724 
0.1942 
0.1600 

0.6735 

0.1839 

0.1045 

0.4169 
0.2991 

0.1282 
0.1918 

0.0764 

0.6658 
0.4013 

0.2340 
0.2024 

0.7761 

0.3220 

0,2817 
0.2003 

1.1956 

0.3078 
0.2032 

0.4388 

0.3174 

0.4932 

0.1470 
0.1104 

1.1050 
0.4744 
0.3180 
0.2159 
0.1743 

1.1194 
0.5395 
0.355k 
0.2130 
0.1372 
0.0794 

1 - 0959 
0.5129 

-0.1437 
-0.1253 

-0.4534 
-0.2591 
-0.1875 
-0.1875 
-0.1692 
-0.1171 

-0.8729 

-0.1503 
-0.1116 
-0.0867 

-0.8021 
-0.3464 
-0.2312 
-0.1478 
-0.1289 

-0 * 7967 
-0.3883 
-0.2580 

-0.1036 
-0.0615 

-0 - 3578 
-0.2272 

-0.1540 

-0 7985 
-0 - 3729 

-0.0902 
-0.0771 

-0.3227 
-0 - 1797 
-0.1344 
-0.1298 
-0.1126 
-0.0832 

-0.3227 
-0.1354 
-0.0806 

-0.0353 
-0.0530 

-0.0237 

-0.3028 
-0.1280 
-0.0867 
-0.0581 
-0.0454 

-0.3227 
-0,1512 
-0 * 0973 
-0.0590 -0.0336 

-0.0179 

-0.2974 
-0.1400 

I 

I 

1 . . 



* c b I 

SCKEDULE 12 (continued) 

. . 

Distance 

h - g - f 
Tensile Axis f r o m  C e Reduction - 

3 
E 1 €2 E 

Specimen and Test Break Do P a  2 b  
Numbera Temperatureb (in. ) (in. ) (in. ) (in. ) in Area 

12-12 L 

12-12 s 

12-13 L 

12-12 s 

0.1250 
0.2500 

0.5000 
0 * 3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

RD 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

572°F 
Break 0.125 

Break 0.124 
0.0625 
0.1250 
0.2500 

m 0,5000 

0,0625 
0.1250 
0,2500 

0.5000 

0.3750 

572OF 
Break 0.124 

0.3750 

0.1113 0.0930 
0.1157 0.1023 
0.1184 0.1081 
0.1194 0.1108 

0.0774 0.0619 
0.1009 0.0916 
0. io75 0.0996 

0.1173 0.1131 
0.1178 0.1131 

0.1135 0.1085 

0.0788 0.0637 
0.1025 0.0924 
0.1096 0.1019 
0.1150 0.1096 
0.1170 0.1137 
0.1176 0.1139 

0.0825 0.0630 
0.1026 0.0882 
0. io92 0.0984 
0.1131 0.1049 

0.1155 0.1090 
0.1142 0.1061 

0.0819 0.0648 

0.1088 0.0994 

0.1158 0.1104 
0.1182 0.1141 

0.1019 0.0909 

0.1123 0.1048 

0.3268 
0.2302 
0.1676 
0.1396 

0.6934 

0.2119 

0.4085 
0.3148 

0.1509 
0.1473 

0.6788 
0.3939 
0.2852 
0.1933 
0.1486 
0.1427 

0.6620 

0.3012 
0.4115 

0.2284 
0.2120 
0.1812 

0.6548 
0 - 3976 
0.2966 
0.2346 
0.1686 
0.1229 

0.3957 
0.2616 
0.1834 
0.1504 

1.1821 
0.5251 
0.3780 
0.2381 
0.1636 
0.1594 

1 * 1355 
0.5006 
0.3358 

0.1609 
0.2149 

0.1540 

1.0846 
0.5301 
0 - 3583 
0.2593 
0.2382 
0 * 1999 

1.0638 
0.5068 

0.2673 
0.1846 
0.1311 

0- 3519 

-0.2877 

-0.1126 

-0.1924 
T O .  1372 

-0.7028 
-0.3109 
-0.2272 
-0.1416 
-0.1000 
-0.1000 

-0.6741 

-0.2043 

-0.0948 

-0.3022 

-0,1315 

-0.0930 

-0.6772 

-0.2312 
-0.1673 

-0.1289 

-0.6490 
-0.3105 
-0.2211 
-0.1682 
-0.1162 
-0.0832 

-0.3407 

-0 - 1559 

-0.1080 
-0.0693 
-0.0462 

-0.4793 

-0.1508 
-0.0965 
-0.0636 
-0.0593 

-0.4614 

-0.0378 

-0,2142 

-0.1984 

-0.0834 
-0.1315 

-0.0661 
-0.0610 

-0.4075 
-0.1894 
-0.1271 
-0.0920 
-0.0823 
-0.0710 

-0.4148 
-0.1963 
-0.1308 
-0.0991 
-0.0684 
-0.0479 

1 

P m 
-4 

1 
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4 I . b . 4 

SCHEDULE: 1-3 (continued) 

Distance 

h - g - f 
Tensile Axis from c 

e Reduction - 
€ 

2 €3 E 1 
Specimen and Test Break Do 2 a  2 b  a 
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

0.1188 0.1079 
0.1200 0.1101 

0.1657 
0.1355 

0.2500 
0.3750 

0.1527 
0.1267 

-0.1310 
-0.1108 

-0.0347 
-0.0247 45 O 

Room 
13-13 L Temp. 0.4664 

0.2706 
0.2045 
0.1814 
0.1782 
0.1232 

0.6281 
0 * 3155 
0.2288 
0.2002 
0.1962 
0.1315 

-0.4593 
-0.2395 
-0.1746 
-0.1544 
-0.1488 
-0.1026 

-0.1688 
-0.0760 
-0.0543 
-0.0458 
-0.0474 
-0.0289 

Break 0.123 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0.1039 0.0777 
0.1140 0.0968 

0.1175 0.1054 
0.1173 0.1060 
0.1195 0.1110 

0.1165 0.1033 

I 
13-14 S Break 0.124 

0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

0.1035 0.0759 
0.1136 0.0970 
0.1170 0.1046 
0.1207 0.1131 
0.1220 0.1163 
0.1232 0.1187 

0.1047 0.0783 
0.1143 0.0981 

0.1177 0.1069 

0.1168 0.1044 

0.1170 0.1051 

0.1150 0.1009 

0.4891 
0.2834 
0.2041 
0.1122 
0.0772 
0.0489 

0.6716 
0.3332 
0.2282 
0.1190 0.0804 

0.0502 

-0.4909 
-0.2456 
-0.1701 
-0.0920 
-0.0641 
-0,0437 

-0.1807 
-0.0876 
-0.0581 
-0.0270 
-0.0163 
-0.0065 

I 

45” 
Room 

13-14 L Temp. Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.4668 

0.2003 
0.1817 

0.2070 

0.2708 

0.2454 

0.6289 
0.3158 

0.2005 
0.2815 

0.2235 

0.2319 

0.6466 
0.3227 
0.2269 
0.1795 
0.1680 
0.1451 

-0.4597 
-0.2343 
-0.1654 
-0.1484 
-0.2062 
-0.1720 

-0.1692 

-0.0521 

-0.0814 
-0.0581 

-0.0754 
-0.0598 

0.1063 0.0770 

0.1186 0.1050 

0.1203 0.1098 
0.1211 0.1116 

0.1157 0.0978 

0.1199 0.1089 

0.4762 
0.2’758 
0.2030 
0.1643 
0.1546 
0.1351 

-0.4845 
-0.2454 
-0.1744 
-0 * 1379 
-0.1297 
-0.1134 

13-7 S Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

-0.1620 
-0 * 0773 
-0.0526 
-0.0417 
-0.0383 
-0.0317 RD 

Room 
13-7 L Temp. 0.1048 0.0756 0.6791 Break 0.125 0.4929 -0.5029 -0.1763 



SCHEDULF1 13 (continued) 

Distance 

h - g - f 
Tensile Axis from c e Reduction - 

3 
E 2 E: 1 E 

Specimen and Test Break Do 2 a  2 b  a 
Number Temperatureb (in. ) (in. ) (in. ) (in. ) in Area 

13-8 s RD 
Room 
Temp. 

13-8 L RD 
Room 
Temp. 

13-3 s 

TD 
302 F 

13-3 L 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 

0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 

Break 0.125 

Break 0.124 

Break 0.124 

0.1149 0.0971 
0.1183 0.1050 
0.1201 0.1107 
0.1211 0.1136 
0.1219 0.1151 

0.1026 0.0753 
0.1131 0.0956 
0.1165 0.1027 
0.1188 0.1076 
0.1201 0.1112 

0. io24 0.0756 
0.1132 0.0958 

0.1198 0.1103 
0.1171 0.1042 

0.1212 0.1137 
0.1222 0.1157 

0.0992 0.0669 
0.1083 0.0829 
0.1110 0.0895 
0.1150 0.0980 
0.1184 0.1062 
0.1195 0.1084 

0.0993 0.0658 
0.1084 0.0828 

0.1157 0.0989 
0.1185 0.1053 

0.1119 0.0899 

0.1193 0.1076 

0.2860 
0.2050 
0.1491 
0.1196 
0.1020 

0.5056 
0.3083 

0.1819 
0.1446 

0.5046 
0.3060 
0.2191 

0.1180 

0.2343 

0.1543 

0.0951 

0.5684 
0.4161 
0.3539 
0.2670 
0.1822 
0.1575 

0.5751 
0.4163 
0.3458 
0.2558 
0.1885 
0.1652 

0.3368 

0.1615 

0.1076 

0.3682 
0.2669 

0.1561 

0.7023 
0.3652 
0.2473 
0.1676 
0.1254 
0.1000 

0.8402 

0.4368 
0.3107 
0.2012 
0.1714 

0.8558 

0.4243 
0.2954 

0.2294 

0.1273 

0.7043 

0.2008 

0.5380 

0.5383 

0.2088 
0.1805 

-0.2526 

-0.1215 
-0.0956 
-0.0825 

-0.5068 
-0.2681 
-0.1965 

-0.1744 

-0.1499 
-0.1170 

-0.5029 
-0.2660 
-0.1820 
-0.1251 
-0.0948 
-0.0773 

-0.6171 
-0.4026 
-0.3260 
-0 * 2353 

-0.1344 
-0.1550 

-0.6337 

-0.3216 
-0.2262 
-0.1635 

-0.4038 

-0.1419 

-0.0842 

-0.0400 
-0.0551 

-0.031’7 
-0.0251 

-0.1975 
-0.1000 
-0.0704 
-0.0509 
-0.0392 

-0.1994 
-0.0992 
-0.0653 

-0.0226 

-0.2231 

-0.1108 

-0.0425 
-0.0309 

-0.1354 

-0.0754 
-0.0462 
-0.0370 

-0.2221 
-0.1344 
-0.1027 
-0.0693 

-.o . 0 386 
-0.0454 

I 

I--‘ 
d 
I 

’ I . * 



. b 1 1 

SCHEDULE 13 (continued.) 

e c I 

Distance 
Tensile Axis from c 

h - g - e f Reduction - 
€ 
1 €2 €3 

Specimen and Test Break Do 2 a  2b 
Number“ Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

13-4 S Break 0.123 
0.0625 
0.1250 
0.2500 
0.3750 

TD 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

302°F 
13-4 L Break 0.123 

1-3-9 s Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 

RD 0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

302 F 
13-9 IJ Break 0.126 

13-10 s Break 0.125 
0.0625 
0.1250 
0.2500 

0.0981 0.0671. 
0.1079 0.0843 
0.1118 0.0919 
0.1178 0.1053 
0.1203 0.1115 
0.1206 0.1126 

0.5649 
0.3988 
0.3209 
0.1801 
0.1134 
0.1024 

0.8322 
0.5088 
0.3870 
0.1986 

0.1080 
0.1204 

-0.6060 
-0 - 3778 
-0.2915 
-0.1554 
-0.0982 
-0.0883 

0.1142 0.0972 

0.1155 0.1008 
0.1168 0.1040 

0.1151 0.0992 

0.1192 0.1090 
0.1199 0.1113 

0.0990 0.0692 
0.1105 0.0888 
0.1149 0.0977 
0.1185 0.1054 
0.1196 0.1080 
0.1209 0.1109 

0.1005 0.0723 
0.1116 0.0906 
0.1152 0.0981 
0.1171 0. io35 
0.1186 0.1061 
0.1189 0.1078 

0.0984 0.0686 

0.1140 0.0972 
0.1103 0.0896 

0.1165 0.1020 

0.2663 
0.2453 
0.2305 
0.1971 
0.1412 
0.1179 

0.5685 
0.3819 
0.2929 
0.2133 
0.1864 
0.1555 

0.5423 

0.2882 

0.2074 

0.3631 

0.2366 

0.1926 

0.5680 
0 * 3675 
0.2908 
0 -2395 

0.3096 

0.2620 

0.1522 

0.2814 

0.2195 

0.1255 

0.8404 
0.4812 
0.3466 
0.2399 
0.2063 
0.1690 

0.7816 
0.4512 
0.3399 
0.2700 
0.2324 
0.2140 

0 - 8393 
0 - 3437 
0.2738 

0.4581 

-0.2354 
-0.2150 

-0.1678 
-0.1208 
-0.1000 

-0.1990 

-0.5993 
-0 3499 
-0.2544 
-0.1785 
-0.1542 
-0.1276 

-0.5555 
-0.3298 
-0.2503 
-0.1967 
-0.1719 
-0.1560 

-0.6000 
-0 - 3330 
-0.2515 
-0.2033 

-0.2262 
-0.1310 
-0 * 0955 
-0.0432 
-0 * 0222 
-0.0197 

-0.0742 
-0.0664 
-0.0629 
-0.0517 
-0.0314 
-0.0255 

-0.2412 
-0.1313 

-0.0614 
-0.0922 

-0.0521 
-0.0413 

-0.2261 

-0.0896 

-0.0605 
-0.0580 

-0.1214 

-0.0732 

-0.2393 
-0.1251 
-0.0921 
-0.0704 

I 

P 
4 
t-J 
I 



SC'EFEDULE 1-3 (continued.) 

Distance 
h - g - f C e Tensile Axis from 

Reduction - 
3 E 

Specimen and Test Break Do 2 a  a 2 b  
Numbera Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n ,  ) i n  Area '1 €2 

RD 
302" F 

13-10 L 

1-3-5 L 

TD 
572°F 

1-3-5 s TD 
572°F 

13-6 L 

TD 
572°F 

13-6 s 

0.3750 0.1184 0.1062 
0.5000 0.1198 0.1102 

Break 0.125 0.1000 0.0716 
0.0625 0.1102 0.0893 
0.1250 0.1136 0.0958 
0.2500 0.1163 0.1022 
0 - 3750 0.1178 0.1062 
0.5000 0.1191 0.1092 

Break 0.124 0.0938 0.0554 
0.0625 0.1093 0.0839 
0.1250 0.1135 0.0935 
0.2500 0.1158 0.0992 
0.3750 0.11811 0.1055 
0.5000 0.1193 0.1073 

Break 
0.0625 
0.1250 
0.2500 

0.5000 

0.0625 
0.1250 
0.2500 

0.5000 

0.3750 

Break 

0.3750 

0.124 0.0896 
0.1083 
0.1137 
0.1177 
0.1196 
0.1202 

0.124 0.0912 
0.1081 
0.1122 
0.1162 
0.1185 
0.1196 

0.0485 
0.0808 
0.0933 
0.1033 
0.1086 
0.1110 

0.0512 
0.0794 
0.0901 
0.0995 
0.1068 
0.1106 

Break 0.124 0.0920 0.0529 

0.1953 
0.1551 

0.5418 
0.3702 
0.3035 
0.2393 
0.1993 
0.1676 

0.6620 
0.4036 

0.1876 
0.1675 

0.3098 
0.2529 

0,7174 
0.4309 
0.3101 
0.2093 
0.1-553 

0.6963 
0.4418 
0.3425 
0.2481 
0.1769 
0.1397 

0,6835 

0.1323 

0.2172 
0.1685 

0.4623 
0.3617 

0.2223 
0.1835 

0.5168 
0.3708 
0.2916 
0.2078 
0.1833 

1.2636 
0 * 5637 

0.1687 

1.1918 
0.5830 

0.2851 

0.7804 

0 * 2735 

1.0848 

0.3712 
0.2348 

0.1419 

0.4194 

0.1947 
0.1505 

1.1504 

-0.1630 
-0.1260 

-0.3363 
-0.2660 

-0.1630 

-0.5572 

-0.2014 

-0.1351 

-0.8057 
-0.3907 
-0.2823 
-0.2231 
-0,1616 

-0 * 9387 

-0.1826 
-0.1326 

-0.1446 

-0.4283 
-0.2845 

-0.1108 

-0.8845 
-0.4458 
-0.3194 
-0.2201 
-0.1493 
-0.1144 

-0.8519 

-0.0542 
-0.0425 

-0.2231 
-0.1260 
-0.0956 
-0.0721 
-0.0593 
-0.0484 

-0.2791 

-0.0885 
-0.1262 

-0.0684 

-0.0386 
-0.0462 

-0.3249 
-0.1354 
-0.0867 
-0.0521 
-0.0361 
-0.0311 

-0.3072 
-0.1372 
-0.1000 
-0.0650 
-0.0454 
-0.0361 

-0.2985 

, 8 . 
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SCHEDULE 13 (continued) 

Distance 

h - g - f 
Tensile Axis from c e Reduction - 

2 €3 
E 1 € 

Specimen and Test Break Do 2 a  2 b  a Number Temperatureb ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1084 0.0814 
0.1134 0.0939 
0.1178 0.1046 
0.1185 0.1060 
0.1182 0.1056 

0.4261 
0.3075 
0.1986 
0.1831 
0.1882 

-0.4209 
-0.2780 
-0.1701 
-0.1568 
-0.1606 

-0.1344 
-0.0894 
-0.0513 
-0.0454 
-0.0479 

0.5554 
0.3674 
0.2214- 
0.2022 
0.2085 

13-11 L Break 0.126 
0.0625 
0.1250 
0.2500 

TE 0.3750 
572°F 0.5000 

0.6960 
0.4236 
0.3105 
0.2535 
0.2264 
0.1842 

0.0902 0.0535 
0.1092 0.0838 
0.1145 0.0956 
0.1170 0.1013 
0.1181 0.1040 
0.1197 0.1082 

1.1908 
0.5510 
0.3718 
0.2923 
0.2566 
0.2036 

-0.8566 

-0.2761 
-0.2182 

-0.4078 

-0.1919 
-0.1523 

-0.3342 
-0.1431 
-0.0957 
-0.0741 
-0.0648 
-0.0513 

1 

P 
2 

1 
13-11 s Break 0.126 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0900 0.0538 
0.1098 0.0850 
0.1155 0.0974 
0.1178 0.1026 
0.1183 0.1041 
0.1191 0.1055 

0.6950 
0.4121 
0.2914 
0.2387 
0.2243 
0.2086 

1.1875 
0.5312 
0.3445 
0.2727 
0.2540 
0.2339 

-0.8510 
-0.3936 
-0.2575 
-0.2054 
-0.1909 
-0.1776 

-0.3365 
-0.1376 
-0.0870 
-0.0673 
-0.0631 
-0.0563 

13-12 L Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

RD 
13-12 S 572°F Break 0.124 

0.0899 0.0548 
0.1080 0.0833 

0.1156 0.1007 
0.1169 0.1036 

0.1124 0.0942 

0.1184- 0.1078 

0.6796 
0.4149 
0.3114 
0.2429 
0.2124 
0.1699 

-0.8166 
-0 * 3978 

-0,2081 
-0.2749 

-0 1797 
-0.1400 

1.1382 
0.5360 

0.2783 
0.2387 
0.1862 

0 * 3731 

-0.3216 

-0.0982 
-0.0702 

-0.0462 

-0.1382 

-0.0590 

0.0896 0.0539 
0.1058 0.0796 
0.1121 0.0926 
0.1149 0.0990 
0.1159 0.1011 
0.1177 0.1069 

0.6859 
0.4523 
0.3249 
0.2602 
0.2379 
0.1817 

1.1581 
0.6020 
0 - 3929 
0.3014 
0.2717 
0.2005 

-0.8332 
-0.4433 
-0.2920 
-0.2252 
-0.2042 
-0.1484 

-0.3249 
-0.1587 
-0.1009 
-0.0762 
-0.0676 
-0.0521 



SCHEDULE 14 

Distance 

h - g - f C e Tensi le  Axis from 
Reduction - 

E 3 € 1 €2 
Break Do 2 a  a 2 b  b Specbeg  and Test 

Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

14-1 S 

14-1 L 

14-2 S 

14-2 L 

14-13 S 

TD 
Room 
Temp. 

TD 
Room 
Temp. 

45 O 
Room 
Temp. 

Break 
0.0625 
0.1250 
0.2500 
0.3750 

0.0625 
0.1250 
0.2500 

0.5000 

0.0625 
0.1250 
0.2500 
0.3750 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

Break 

0.3750 

Break 

Break 

Break 

0.125 0.1063 0.0684 

0.1201 0.1031 
0.1218 0.1103 
0.1226 0.1129 

0.1162 0.0919 

0.125 0.1092 0.0738 
0.1171 0.0950 

0.1219 0.1106 

0.1197 0.1020 
0.1211 0.1073 

0.1224 0.1126 

0.125 0.1061 0.0680 

0,1194 0.1009 
0.1218 0.1086 
0.1226 0.1120 

0.1160 0.0909 

0.l25 0.1084 0.0770 
0.1173 0.0947 
0.1194 0.1021 
0.1212 0.1076 
0.1216 0.1103 
0.1222 0.1123 

0.124 0.0973 0.0853 
0.1096 0.1015 
0,1142 0.1070 

0.1213 0.1186 

0.1178 0.1134 
0.1204 0.1169 

0.5347 
0.3166 
0.2075 
0.1402 
0.1141 

0.4842 
0.2880 

0.1684 
0.1371 
0.1179 

0.2186 

0.5382 

0.2290 
0.3252 

0.1534 
0.1212 

0.4658 
0.2891 
0.2198 
0.1654 
0.1416 
0,1217 

0.4602 
0.2765 
0.2053 
0,1312 
0.0846 
0.0644 

0.7650 
0.3806 
0.2326 
0.1510 
0.1212 

0.6621 
0.3397 
0,2467 
0.1844 
0.1475 
0.1255 

0.7727 
0.3933 
0.2600 
0.1666 
0.1292 

0.6270 

0.1808 

0.1298 

0.6166 
0.3237 
0.2298 
0.1406 

0.0665 

0.3412 
0.2482 

0.1527 

0.0884 

-0.6029 
-0.3076 
-0.196 
-0.1251 
-0.1018 

-0.5270 
-0.2744 
-0.2033 
-0.1527 
-0.1224 
-0.1045 

-0.6088 
-0.3186 

-0.1406 
-0.1098 

-0.2776 

-0.1251 
-0.1071 

-0.2142 

-0.4845 

-0.2024 
-0.1499 

-0.3741 
-0.2002 
-0.1474 
-0.0894 

-0.0445 
-0.0590 

-0.1620 
-0.0730 
-0.0400 
-0.0259 
-0.0194 

-0.1351 
-0.0653 

-0.0317 
-0.0251 
-0.0210 

-0.1639 

-0.0433 

-0.0747 
-0.0458 

-0.0194 

-0.1425 

-0.0458 

-0.0259 

-0.0636 

-0.0276 
-0.0226 

-0.0309 

-0.2425 
-0.1234 
-0.0823 
-0.0513 
-0.0295 
-0.0220 

1 

P 
-4 
.i=- 
1 

1 

. ~ .. 

I . * 1 



I 

SCHEDULF: 14 (continued) 

v . 0 . 

Distance 

h - 63 - f Tensile Axis from c e Reduction - 
1 €2 €3 

E 
Specimen and Test Break '0 2 a  2 b  
Numbera Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

14-13 L 

14-14 S 

14-14 L 

45 O 

Room 
Temp. 

45 O 

Room 
Temp. 

14-7 S 

14-7 L 

RD 
Room 
Temp. 

Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.124 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

Break 0.124 
0.0625 
0.1250 
0.2500 

0,5000 
0 3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

Break 0.125 
0.0625 

0.0955 0.0823 

0.1134 0.1067 
0.1096 0.0998 

0.1167 0.1116 
0.1193 0.1150 
0.1203 0.1171 

0.0962 0.0839 
0.1086 0.1002 

0.1170 0.1132 

0.1114 0.1045 
0.1148 0. io98 

0.1180 0.1141 

0.0985 0.0864 
0.1103 0,1020 
0.1138 0.1098 

0.1199 0.1171 
0.1179 0.1141 

0.1211 0.1185 

0.0935 0.0889 
0.1073 0.1034 

0.1153 0.1123 
0.1170 0.1148 
0.1180 0.1152 

0.1117 0.1087 

0.0914 0.0856 
0.1055 0.1011 

0.4888 
0.2886 
0.2131 

0.0838 

0.1530 
0.1077 

0.4751 
0.2923 
0.2429 
0.1802 
0.1386 
0.1244 

0.4465 
0.2683 
0.1874 
0.1251 
0.0869 
0.0667 

0.2899 
0.2229 

0.1300 

0 * 4993 

0.4680 

0.1713 
0.1404 

0.3174 

0.6711 

0.2396 
0.1660 

0.0876 

0.3457 

0.3406 

0.1140 

0.6445 

0.2782 
0.1987 
0.1492 
0.1328 

0 ' 5915 
0.3124 
0.2075 
0.1336 
0.0909 
0.0690 

0.6312 

0.2522 
0.1879 

0.1393 

0.6917 
0.3818 

0.3424 

0.1513 

-0,4099 
-0.2171 
-0.1503 
-0.1054 
-0.0754 
-0.0572 

-0.3907 
-0.2131 
-0.1711 
-0.1216 
-0.0911 
-0.0832 

-0.3613 
-0 * 1.953 
-0.1216 
-0.0832 
-0.0572 
-0.0454 

-0.3408 
-0,1897 
-0 1397 
-0.1071 
-0.0851 
-0.0816 

-0.3786 
-0.2122 

-0.2612 

-0.0607 
-0.0386 

-0.1234 
-0.0894 

-0.0303 

-0.2538 
-0.1326 
-0.1072 

-0.0581 -0.0496 

-0.2302 
-0.1171 
-0.0858 

-0.0336 

-0.0771 

-0.0504 

-0.0237 

-0.2904 
-0.1527 
-0,1125 

-0.0661 
-0.0576 

-0.1696 

-0.0808 

-0.3131 

1 

t-J 
2 

1 



SCHEDTJIX 14 (continued) 

Distance 
Tensile Axis from C 

h - g - e f Reduction - 
€ 

3 E 1 €2 
Specimen and Test Break Do 2 a  2 b  a Number Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

0.1108 0.1076 

0.1188 0.1171 

0.1147 0.1121 
0.1171 0.1147 

-0.1206 
-0.0860 
-0.0653 
-0.0509 

0.1250 
0.2500 
0 - 3750 
0.5000 

0.2370 
0.1771 
0.1404 
0.1097 

0.2705 
0.1949 
0.1513 
0,1162 

-0.1499 
-0.1089 
-0.0860 
-0.0653 

14-8 s RD 
Room 
Temp. 

14-3 S 

0.0938 0.0892 
0.1074 0.1057 

0.4645 
0.2735 

0.6246 
0.3194 

Break 0.125 
0.0625 

-0.3374 
-0.1677 

-0.2872 
-0.1518 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1026 0.0681 
0.1111 0.0846 
0.1137 0.0898 
0.1155 0,0942 

0.1195 0.1048 
0.1176 0.0992 

0.5528 
0.3985 
0.3465 
0.3037 
0.2534 
0.1985 

0.8048 

0.4255 
0.5083 

0.3619 
0.2922 
0.2213 

-0.6073 
-0.3904 
-0 * 3307 
-0.2829 
-0.2312 
-0.1763 

-0 * 1975 
-0.1179 
-0.0948 
-0.0790 

-0.0450 
-0.0610 

I 

P 
4 m 

I 
TD 
302 F 

14-3 L Break 0.125 
0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.1034 0.0692 

0.1146 0.0923 
0.1180 0.0991 

0.1117 0.0853 

0.1189 0.1015 
0.1198 0.1033 

0.5421 
0.3902 
0.3230 
0.2516 
0.2276 
0.2080 

0.7810 
0.4946 
0,3901 
0.2898 
0.2583 
0.2332 

-0.1897 
-0.1125 
-0.0869 

-0.0500 
-0.0576 

-0.0425 

-0 5913 
-0.3821 
-0.3033 
-0.2322 
-0.2082 
-0.1907 

14-4 s Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0981 0.0669 
0.1084 0.0848 
0.1124 0.0923 
0.1150 0.0963 
0.1148 0.0963 
0.1151 0.0973 

0.5800 
0.4117 
0.3360 
0.2912 

0.2832 
0.2925 

0.8674 
0.5305 
0.4095 
0.3442 
0.3460 
0.3330 

-0.6251 
-0.3880 

-0.2423 
-0.1425 

-0.0834 
-0.1062 

-0.0851 
-0.0825 

-0 * 3033 
-0.2608 
-0.2608 
-0.2505 TD 

302OF 
14-4 L Break 0.125 

0.0625 
0.0960 0.0642 
0.1066 0.0832 

0.6056 
0.4324 

-0.6663 
-0.4071 

-0.2640 
-0.1592 

0.9303 
0,5663 

* . 



I * I 

SCHEDULE 14 (continued) 

. . 

Distance 

h - €5 - f 
Tensile Axis from C e Reduction - Specimen and Test Break Do 2 a  2 b  

€1 €2 “3 
a Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

. 

14-9 S 

14-9 L 

14-10 S 

14-10 L 

RD 
302°F 

RD 
302 o F 

0.1250 0.1106 0.0900 
0.2500 0.1141 0.0973 
0 * 3750 0.1157 0.1012 
0.5000 0.1162 0.1027 

Break 0.125 0.0900 0.0871 
0.0625 0.1036 0.1020 
0.1250 0.1092 0.1076 
0.2500 0.1139 0.1131 
0.3750 0.1156 0,1144 
0.5000 0.1162 0.1149 

Break 0.125 0.0931 0.0900 

0.1250 0.1063 0.1049 

0.3750 0.1135 0.1126 
0.5000 0.1141 0.1134 

0.0625 0.1026 0.1002 

0.2500 0.1103 0. io94 

Break 0.125 0.0878 0.0865 
0.0625 0.1029 0.1001 
0.1250 0.1065 0.1051 

0.3750 0.1146 0.1136 
0.2500 0.1109 0.1094 

0.5000 0.1162 0.1154 

Break 0.125 0.0862 0.0848 
0.0625 0.1001 0.0997 
0.1250 0. io57 0.1051 
0.2500 0.1064 0.1046 
0 * 3750 0.1106 0.1086 
0.5000 0.1124 0.1108 

0.3629 
0.2895 
0.2506 
0.2362 

0.4983 
0.3237 
0.2480 
0.1756 
0.1536 

0.4637 

0.2863 

0.1821 

0.1455 

0.3420 

0.2277 

0.1719 

0.5140 
0.3408 

0.2235 

0.1418 

0.5322 

0.2836 

0.1668 

0.3613 
0.2890 
0.2877 
0.2313 
0.2030 

0.4509 
0.3418 
0.2885 
0,2695 

0.6898 
0.3911 
0.2850 
0.1930 

0.1572 
0.1668 

0.6231 

0.3374 
0.4186 

0.2584 
0.2010 
0.1886 

0.4167 
0 * 3336 

0.1825 

0.7214 

0.2530 

0.1529 

0 * 7597 
0,4483 
0.3411 
0.3393 
0.2630 
0.2268 

-0.3285 
-0,2505 
-0.2112 
-0.1965 

-0.3613 
-0.2033 
-0.1499 
-0.1000 
-0.0886 
-0.0842 

-0.3285 
-0.2212 
-0.1753 
-0.1333 
-0.1045 
-0.0974 

-0.3682 
-0.2221 
-0.1734 
-0.1-333 
-0.0956 
-0.0799 

-0.3880 
-0.2262 

-0.1782 
-0.1406 
-0.1206 

-0.1734 

-0.1224 
-0.0912 
-0.0773 
-0.0730 

-0,3285 
-0.1878 
-0.1351 
-0,0930 
-0.0782 
-0.0730 

-0.2946 
-0.1975 
-0.1620 
-0.1251 
-0.0965 
-0.0912 

-0.3532 
-0.1946 
-0.1602 

-0.0869 
-0.1197 

-0.0730 

-0.3716 
-0.2221 
-0.1677 
-0.1611 

-0.1062 
-0.1224 

1 

P 
4 
-4 

1 



SCREDULE 14 (continued) 

Distance 

h - g - f 
Tensile Axis from C e Reduction - 

1 €2 €3 E 
Specimen and Test Break Do 2 a  ti 2 b  
Numbera Temperatureb (in. ) (in. ) (in. ) (in. ) in Area 

14-5 L 

TD 
572°F 

14-5 S TD 
572°F 

14-6 L 

TD 

14-11 L 

Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0 ,5000 

Break 0.124 
0.0625 
0.1250 

0.0909 0.0542 
0.1084 0.0959 

0.1168 0.1042 

0.1200 0.1114 

0.1130 0.0962 

0.1185 0.1083 

0.0879 0.0490 
0.1072 0.0938 
0.1136 0.0969 
0.1158 0.1011 

0.1198 0.1090 
0.1178 0.1041 

0.0881 0.0567 

0.1119 0.0953 
0.1137 0.0996 

0.1060 0.0849 

0.1153 0.1038 
0.1168 0.1049 

0.0870 0.0559 
0.1054 0.0841 
0.1117 0.0952 
0.1176 0.1072 

0.1203 0.1117 
0.1194 0.1094 

0.0729 0.0718 
0.0972 0.0957 
0.1041 0.1021 

0.6796 
0.3239 

0.2085 
0.1654 
0.1306 

0.31160 
0.2841 
0.2386 

0.2930 

0.7199 

0.2024 
0.1507 

0.6803 
0.4240 
0.3175 
0.2752 
0.23110 
0.2158 

0.6888 
0.4327 
0.3194 
0.1932 

0.1400 
0.1640 

0.6596 
0.3950 
0.3088 

1.1381 

0.3468 
0.2338 
0.1808 
0 * 1399 

0.3914 

1.27’25 
0.4247 
0.3342 
0.2726 
0.2262 
0.1634 

1.1404 
0 * 5517 
0.3820 

0.2666 

1.1672 
0.5669 
0.3848 
0,2146 

0.1508 

1.0776 
0.5026 
0.3693 

0.3219 

0.2432 

0.1791 

-0.8276 
-0.2570 
-0.2538 
-0.1740 
-0.1354 
-0.1072 

-0.9284 

-0.2466 
-0.20k2 
-0.1749 
-0.1289 

-0 - 7905 
-0.3868 
-0,2713 
-0.2272 
-0.1858 
-0.1753 

-0.8048 
-0.3963 

-0.1536 
-0.1333 
-0.1125 

-0.2791 

-0.2723 

-0.5464 

-0.1943 
-0.2591 

-0.3105 
-0.1344 
-0.0929 
-0.0598 

-0.0328 

-0.3441 
-0.11156 
-0.0876 
-0.0684 

-0.0345 

-0.0454 

-0.0513 

-0.3498 
-0.1649 
-0.1107 
-0.0948 

-0.0678 

-0.1706 
-0.1125 
-0.0610 

-0.0383 

-0.0808 

-0.3624 

-0.0458 

-0.5312 
-0.2435 
-0.1749 

1 

5 
1 

I I * I 



. . i I 

SCHEDULE 14 (continued) 

Distance 

h - f - g 
Tensile Axis from C e Reduction - 

E 
2 €3 E 1 

Specimen and. Test Break Do 2 a  2 b  a Number Temperatureb (in. ) (in. ) (in. ) (in. ) in Area 

0.2500 

RD 0.5000 

0.0625 
0,1250 
0,2500 

0.2750 

572°F 
14-11 S Break 0.124 

0.1088 
0.1076 
0.1068 

0.2422 
0,2568 
0.2686 

-0.1465 
-0.1550 
-0.1635 

-0.1308 
-0.1419 
-0.1493 

0.1071 
0.1062 
0.1053 

0.2773 
0.2968 
0.3128 

0.0734 
0.0962 
0.1055 
0.1137 

0.0705 
0.0930 
0.1023 
0.1127 

0.6635 

0,2981 
0.1666 

0.4182 
1.0890 
0.5415 
0.3539 
0.1823 

-0,5647 

-0.1924 
-0.2877 

-0.0956 

-0.5244 
-0.2538 
-0.1616 
-0.0867 

1 

I-J 
-4 
v3 

1 

14-12 L Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 

RD 0.5000 
572°F 

0.0625 
0.1250 
0.2500 

0.5000 

14-12 S Break 0.124 

0.3750 

0.0760 
0.0993 
0.1071 
0.1127 
0.1163 
0.1179 

0.0743 
0.0980 
0.1059 
0.1103 
0.1146 
0.1173 

0.6328 
0.3671 
0.2624 

0.1006 

0,1915 
0.1332 

1.0017 
0.4574 

0.2126 

0.1060 

0.3043 

0.1429 

-0.5122 
-0.2353 
-0.1578 
-0.1171 

-0.0556 
-0.0788 

-0.4896 
-0.2221 
-0.1465 
-0.0956 
-0.0641 
-0.0504 

0.0743 
0.0993 
0.1069 
0.1111 
0.1110 
0.1130 

0.6613 
0.3729 
0,2672 
0.2016 
0.2059 
0.1740 

0.0701 

0.1105 

0.0971 
0.1054 

0.1100 
0.1124 

1.0825 

0.2251 
0.2306 
0.1911 

0.4667 
0.3109 

-0.5704 
-0.2445 
-0.1625 

-0.1198 
-0.0982 

-0.1153 

-0.5122 
-0,2221 
-0.1484 
-0.1098 
-0.1108 
-0.0929 



SCHEDULE 15 

Distance 

h - g - f Tensile Axis from C e Reduction - 
2 €3 E 

Specimen and Test Break Do 2 a  2 b  
Numbera Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 

Break 0.125 0.1032 0.0830 
0.0625 0.1147 0.1028 
0.1250 0.1194 0.1115 
0.2500 0.1207 0.1148 
0.3750 0.1208 0.1148 
0.5000 0.1224 0.1181 

0.4518 
0.2454 
0.1480 
0.1132 
0.1125 
0.0748 

0.6011 
0.2815 
0.1601 
0.1201 
0,1193 
0.0778 

-0.4095 
-0 * 1955 
-0.1143 
-0.0851 
-0.0851 
-0.0568 

-0.1916 
-0.0860 
-0.0458 
-0.0350 
-0.0342 
-0.0210 

15-1 s TD 
Room 
Temp. 

Break 0.1014 0.0812 

0.1250 0.1175 0.1079 
0.0625 0.1136 o.ioii 

0.2500 0.1202 0.1136 
0.3750 0.1200 0.1132 
0.5000 0.1192 0.1114 

0.6406 
0.3078 
0.2090 

0.1627 

0.1348 
0.l400 

-0.4314 
-0.2122 
-0.1471 
-0.0956 

-0.1152 
-0.0992 

15-1 L 0.4730 
0.2650 
0.1886 
0.1261 
0.1306 
0.1502 

-0.2092 
-0.0956 
-0.0619 
-0.0392 

-0.0475 
-0.0408 

1 

P 
M 
0 

1 

Break 0.125 0.1021 0.0833 

0.1250 0.1172 0.1084 
0.2500 0.1179 0.1094 
0.3750 0.1194 0.1122 

0.0625 0.1136 0.1029 

0.5000 0.1212 0.1167 

0.6082 
0.2902 
0.2069 
0.1918 

0.0996 
0.1539 

-0.4059 
-0.1946 
-0.14~?5 
-0.1-333 
-0.1080 
-0.0687 

-0.2024 

-0.0644 

-0.0458 

-0.0956 

-0.0585 

-0.0309 

15-2 s TD 
Room 
Temp. 

0 - 4557 
0.2519 
0.1869 

0.1426 
0.1745 

0.0948 

0.4676 
0.2660 
0,2023 
0.1426 
0.1238 
0.1079 

0.6304 
0 * 3093 
0.2260 
0.1538 
0.1322 
0.1142 

15-2 L Break 0.1012 0.0822 
0.0625 0.1131 0.1~14 
0.1250 0.1166 0.1069 
0.2500 0.1193 0.1123 

0.5000 0.1210 0.1152 
0 - 3750 0.1202 0.1139 

-0.4192 
-0.2092 

-0.1071 

-0.0816 

-0.1564 

-0.0930 

-0.2112 
-0.1000 
-0.0696 
-0.0467 
-0.0392 
-0.0325 

0. 4554 
0.2506 
0.1718 
0.1486 

0.6077 
0,2886 

0.1609 
0.1884 

15-13 S 45" 
Room 
Temp. 

Break 0.125 0.1013 0.0840 
0.0625 0.1128 0.1038 

0.2500 0.1171 0.1136 
0.1250 0.1168 0.1108 

-0.3975 
-0.1858 
-0.1206 
-0,0956 

-0.2102 
-0.1027 
-0.0678 
-0.0653 

a * . 
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1 1 I 

SCHEDU 15 (continued) 

Distance 

h - €5 - f Tensile Axis from C e Specimen and T e s t  Break Do 2 a  2 b  Reduction - 
Numbera Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area €1 €2 €3 

0.1189 0.1153 
0.1200 0.1170 

0.1226 
0.1014 

0.1308 
0.1070 

-0.0808 
-0.0661 

0 * 3750 
0.5000 

-0.0500 
-0.0408 

0.0991 0.0862 

0.1148 0.1086 
0.1181 0.1141 

0.1110 0.1031 

0.1200 0.1169 
0.1203 0.1170 

0.6038 
0 I 3114 
0.2258 
0.1480 

0.1045 
0.1078 

-0.3716 
-0.1926 

-0.0912 
-0.0670 
-0.0661 

-0,1406 

Break 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

0 * 4533 
0.2676 
0.2021 
0.1376 
0.1022 
0.0992 

-0.2322 

-0.0851 
-0.0568 

-0.1188 

-0.0408 
-0.0383 

15-13 L 

I 

15-14 S 45" Break 0 
Room 0.0625 
Temp. 0.1250 

0.2500 
0.3750 
0.5000 

125 0.0971 0.0844 
0.1102 0.1034 

0.1180 0.1137 
0.1152 o.iog5 

0.1200 0.1169 
0.1204 0.1171 

0.6453 
0.3157 
0,2140 
0.1524 
0.1078 
0.1028 

-0.3928 
-0.1897 
-0.1324 
-0.0948 
-0.0670 
-0.0653 

-0.2526 
-0.1260 
-0.0816 
-0.0576 
-0.0408 
-0 * 0375 

0 * 4755 
0.2707 
0.1927 
0.1413 
0.1022 
0.0977 

I 

15-14 L Break 0.0969 0.0833 
0.0625 0.1104 0.1003 
0.1250 0.1152 0.1092 
0.2500 0.1186 0.1150 

0.5000 0.1202 0.1168 
0 * 3750 0.1195 0.1155 

0.4834 
0.2913 
0.1949 
0.1271 
0.1167 
0.1015 

0.6605 
0.3444 
0.2168 
0.1-359 
0.1240 
0.1070 

-0.4059 
-0.2202 
-0.1351 
-0.0834 
-0.0790 
-0.0678 

-0.2546 

-0.0816 
-0.0526 

-0.1242 

-0.0450 
-0.0392 

15-7 S RD Break 0.124 0.0956 0.0861 
Room 0.0625 0.1097 0.1034 
Temp. 0.1250 0.1144 0.1102 

0.2500 0,1172 0.1136 
0.3750 0.1191 0.1159 
0.5000 0.1196 0.1176 

0.4647 
0.2623 

0.1023 

0.1801 
0.1341 

0.0853 

0.6249 

0.1986 

0.0891 

0.3042 

0.1440 
0.1079 

-0.3648 

-0.1180 
-0.0876 
-0.0676 

-0.1817 

-0.0530 

-0.2601 
-0.1225 
-0.0806 
-0.0564 

-0.0361 
-0.0403 



SCHEDULE: 15 (continued) 

Distance 

h - Q - f c e Tensile Axis from 
Reduction - 

E 
1 €2 €3 

Specimen and Test Break Do 2 a  2 b  a Number Temperature (in.) (in.) (in.) (in.) in Area 

15-7 L Break 0.0943 
0.0625 0.1084 
0.1250 0.1143 
0.2500 0.1155 
0 - 3750 0.1173 
0.5000 0.1186 

0.0848 
0.1028 
0.1106 

0.1162 

0.1149 
0.1140 

0 * 4799 
0.2753 
0.1778 
0.1369 
0.1303 
0.1037 

0.6538 
0.3220 
0.1958 

0.1396 
0.1472 

0.1095 

-0.3800 
-0.1875 

-0.0762 

-0.0650 

-0.1144 

-0.0841 

-0.2738 

-0.0710 
-0.0556 

-0,1344 
-0.0814 

-0.0445 

-0.3636 
-0.1720 
-0.1189 
-0.0702 
-0.0581 
-0.0538 

15-8 S m Break 0.124 0.0924 
Room 0.0625 0.1084 
Temp. 0.1250 0.1136 

0.2500 0.1176 
0 3750 0.1185 
0.5000 0.1193 

0.0862 
0.1044 
0.1101 
0.1156 
0.1170 
0.1175 

0.4820 
0.2640 
0.1866 

0.0983 
0.0883 

0.1159 

0.6578 
0.3065 
0.2065 
0.1231 
0.1035 
0.0925 

-0.2942 
-0.1344 
-0.0876 

-0.0386 

-0.0530 
-0,0454 

I 

I 

15-8 L Break 0.0946 
0.0625 0.1100 

0.3750 0.1189 
0.5000 0.1191 

0.1250 0.1157 
0.2500 0.1177 

0 * 6377 
0.2748 
0.1657 
0.1258 
0.1027 
0.1036 

-0.3671 

-0.0964 
-0.0736 
-0.0607 
-0.0632 

-0.1550 
-0.2706 
-0.1198 
-0.0693 
-0.0521 
-0.0420 
-0.0403 

0.0859 
0.1062 
0.1126 
0.1152 
0.1167 
0.1164 

0.4715 
0,2402 
0.1527 
0.1182 
0.0976 
0.0984 

0.5864 

0.2392 

0.1846 
0.1433 

0 * 3657 

0.1976 

0.8829 
0.4552 
0.2734 
0.2202 
0.2040 
0.1547 

-0.5699 
-0.3044 
-0.1839 
-0.1480 
-0.1379 
-0.1080 

15-3 s TD Break 0.125 0.0914 
302’F 0.0625 0.1075 

0.1250 0.1143 
0.2500 0.1163 
0 3750 0.1170 
0.5000 0.1193 

0.0707 

0.1040 
0.0922 

0.1078 
0.1089 
0.1122 

-0.3131 
-0.1508 
-0.0895 
-0.0721 
-0.0661 
-0.0467 

0.8141 
0.3944 
0 * 2735 
0.2419 
0.2756 
0.2676 

-0.5365 
-0.2629 

-0.1611 
-0.1849 

-0.1887 
-0.1772 

-0.2776 

-0.0886 

-0.0869 

-0.1315 

-0.0808 

-0.0904 

1.5-3 L Break 0.0947 

0.1250 0.1144 
0.2500 0.1153 
0.3750 0.1146 
0.5000 0.1142 

0.0625 0.1096 
0.0731 

0.1039 

0.1035 
0.1047 

0.0961 

0.1064 

0.5570 
0.3259 
0.2393 
0.2148 
0.2409 
0.2348 

r . 



1 b . . 

SCHEDULE 15 (continued) 

Distance 

h - g - f 
Tensile Axis from c e Specimen and Test Break Do 2 a  2 b  Reduction - 

Number” Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 5 E2 ‘3 

15-4 S TD 
302°F 

0.125 0.0948 
0.1067 
0.1122 
0.1155 
0.1184 
0.1182 

0.5601 
0.3827 
0.2819 
0.2157 
0.1619 
0.1694 

0.8213 
0.4824 
0.3312 
0.2430 
0.1766 
0.1856 

-0.5447 

-0.2231 
-0.1639 

-0. ~ 9 6  

-0.3241 

-0.1224 

-0.2765 
-0.1583 
-0.1080 

-0.0542 
-0.0559 

-0.0790 

Break 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0.0725 
0.0904 
0.1000 
0.1061 
0.1106 
0.1098 

15-4 L Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0935 
0.1076 
0.1119 

0.1151 

0.1155 
0.1155 

0.0720 

0.0993 
0.1056 

0.0925 

0.1057 
0.1046 

0.5692 
0.3630 
0,2888 
0.2194 
0.2187 
0.2295 

0.8420 
0.4510 
0.3409 
0.2477 
0.2468 
0.2607 

-0.5516 
-0.3011 
-0.2302 
-0.1687 
-0.1677 
-0.1782 

-0.2904 
-0.1499 
-0.1107 

-0.0825 

-0,0790 
-0.0790 

I 

tJ co w 
I 

1-5-9 s RD 
302°F 

Break 
0.0625 
0.1250 
0.2500 
0 - 3750 

0.125 0.0889 
0.1024 

0.1114 
0.1081 

0.1130 

0.0845 
0.1004 
0.1054 
0.1072 
0.1096 

0.5192 
0.3420 
0.2708 
0 * 2357 
0.2074 

0.7324 
0.4186 
0.3158 
0.2688 
0.2324 

-0.3916 
-0.2192 
-0.1706 
-0.1536 
-0.1315 

-0.3408 
-0.1994 
-0.1453 
-0.1152 
- 0.1009 

15-9 L Break 
0.0625 
0.1250 
0.2500 

0.5000 
0 * 3750 

0.0891 
0.1022 
0.1086 
0.1126 
0.1130 
0.1134 

0.0865 
0.1007 
0.1058 
0.1105 
0.1110 
0.1084 

0.5067 
0.3413 
0.2646 
0.2037 
0.1972 
0.2133 

0.7067 
0.4-176 
0.3074 
0.2278 
0,2197 
0.2399 

0.6569 

0.1876 

0.1823 

0.4287 
0.2857 

0.1931 

-0.3682 
-0.2162 
-0.1668 
-0.1233 
-0.1188 
-0.1425 

-0,3386 

-0.1406 
-0.1045 

-0.2014 

-0.1009 
-0.0974 

15-10 S RD 
302”~ 

Break 
0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.124 0.0909 

0.1087 

0.1141 
0.1140 

0.1023 

0.1131 

0.0877 
0.0979 
0.1063 
0.1137 
0. I l l 1  
0.1124 

0.4815 
0.3486 
0.2485 
0.1710 
0.1756 
0.1666 

-0.3464 
-0.2363 

-0.0956 
-0.1098 
-0.0982 

-0.1540 

-0.3105 
-0.1924 
-0.1317 
-0.0920 
-0.0832 
-0.0841 



SCHEDULE 1 5  (continued) 

Distance 

h - 63 - f C e Tensi le  Axis from 
Reduction - 

3 E 
Specimen and Test Break Do 2 a  a 2 b  

‘1 €2 a Number Temperatureb (in. ) ( i n .  ) (in. ) ( i n .  ) in Area 

15-10 L Break 
0.0625 
0.1250 
0.2500 

0.5000 

572°F 0.0625 
0.1250 
0.2500 

0.5000 

0 * 3750 

15-5 S TD Break O.l-23 

0 * 3750 

0.0899 0.0852 

0. io55 0.1009 

0.1105 0. io54 
0.1159 0.1129 

0.1004 0.0957 

0.1036 0.0994. 

0.5018 
0.3751 
0 3077 
0 * 3303 
0.2425 
0.1490 

0.6969 

0.3677 

0.2778 
0.1613 

0.4702 

0.4009 

-0 - 3753 
-0.2591 
-0.2062 
-0.2211 
-0.1625 
-0.0938 

-0.3216 

-0.1616 
-0.2111 

-0.1797 
-0.1153 
-0.0676 

0.0867 0.0589 
0.1058 0.0877 
0.1093 0.0960 
0.1135 0.1012 
0.1182 0.1110 
0.1192 0.1125 

0.6625 
0.3867 
0.3064 

0.1328 
0.1136 

0.2408 

1.0861 
0.4889 
0.3659 
0.2755 
0.1425 
0.1206 

-0 * 7363 
-0.3383 

-0.1026 

-0.3478 
-0.1951 

-0.0892 

-0.3497 
-0.1506 
-0.1181 
-0.0804 

-0.0314 
-0.0398 

0.0832 0.0531 
0. io34 0.0855 
0.1101 0.0966 
0.1151 0.1060 
0.1166 0.1087 
0.1167 0.1089 

0.7080 
0.4156 
0.2970 
0.1936 
0.1622 
0.1600 

-0.8400 
-0.3637 
-0.2416 

-0.1236 
-0.1218 

-0.1488 

15-5 L Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

1.2309 
0.5372 
0.3524 
0.2151 
0.1770 
0.1743 

-0 - 3909 
-0.1736 
-0.1108 

-0.0526 

-0.0664 
-0.0534 

15-6 s TD Break 0.125 
572°F 0.0625 

0.1250 
0.2500 
0 - 3750 
0.5000 

0.0848 0.0586 
0.1048 0.0878 
0.1116 0.0989 
0.1143 0.1037 
0.1177 0.1089 
0.119 0.1122 

0.6820 

0,2936 
0.4111 

0.2414 
0.1797 
0.1440 

1.1456 
0.5295 
0.3476 
0.2763 
0.1981 
0 * 1555 

-0 - 7576 
-0.3532 
-0.2342 
-0.1868 
-0 - 1379 
-0.1080 

-0.3880 
-0.1763 

-0.0602 

-0.1134 
-0.0895 

-0.0475 

15-6 L 0.0839 0.0571 

0.1119 0.0995 
0.1043 0.0866 

0.6934 
0.4219 
0.2874 

1.1822 

0.3389 
0.5481 

-0 - 7835 
-0.3670 
-0.2282 

-0.3987 
-0.1810 
-0.1107 

Break 
0.0625 
0.1250 

1 * 1 I 



SCHEDULE 1 5  (continued) 

I . 

Distance 

h - - f 
Tensile Axis f rom C e Reduction - 

3 E 
Specimen and Test Break Do 2 a  2 b  

‘1 €2 
a Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

15-11 s 

15-11 L 

15-12 s 

15-12 L 

0.2500 
0 - 3750 
0.5000 

RD Break 0.125 
572°F 0.0625 

0.1250 
0.2500 
0 - 3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

RD Break 0.124 
572” F 0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0 3750 
0.5000 

0.1162 0. SO72 
0,1164 0.1092 
0.1172 0.1093 

0.0763 0.0694 

0.1098 0.1066 

0.1146 0.1109 
0.1152 0.1125 

0.1011 0.0952 

0.1157 0.1134 

0.0737 0.0692 
0.0970 0.0945 
0.1047 0.1021 
0.1039 0.0832 

0.1165 0.1145 
0.1108 o . i o g i  

0.0735 0.0669 

0.1107 0.1077 
0.1161 0.1135 

0.1015 0.0951 

0.1171 0.1151 
0.1171 0,1142 

0.0758 0.0692 
0.1007 0.0966 
0.1098 0.1072 
0.1148 0.1119 
0.1160 0.1129 
0.1157 0.1137 

0.2028 
0.1865 

0.6611 

0.1603 
0,1866 
0.1706 

0.6736 

0.3158 
0.4468 
0.2264 
0.1463 

0.1802 

0.3840 
0.2509 

0.4133 

0.6802 
0.3722 

0.1430 
0.1234 
0.1303 

0.2246 

0.6589 
0.3674 
0.2345 
0.1645 
0.1483 
0.1444 

0.2266 
0.2064 
0.1986 

1.0821 

0.2889 

0.2066 
0.1870 

1.1196 
0.5333 
0 3796 
0.5920 
0.2566 
0.1582 

1.1401 
0.4656 
0.2544 
0.1543 
0.1317 

0.4845 

0.1747 

0.1396 

1.0755 
0.4578 

0.1798 
0.2672 

0.1605 
0.1560 

-0.1536 
-0.1351 
-0.1342 

-0.5884 
-0.27’23 
-0.1592 
-0.0974 

-0.1054 

-0.5913 
-0.2797 
-0.2024 
-0.4071 
-0.1360 
-0.0877 

-0.6171 
-0.2654 

-0.0885 

-0.0823 

-0 5833 

-0.1027 

-0.0867 

-0.1197 

-0.1409 

-0.0745 

-0.2497 
-0.1456 

-0.0938 

-0.0730 
-0.0713 
-0.0644 

-0.4936 
-0.2122 
-0.1296 
-0 ’ 0773 
-0.0869 
-0.0816 

-0.2536 

-0.1206 

-0.5283 

-0.1772 
-0.1849 

-0.0704 

-0.5230 
-0.2002 
-0.1135 
-0.0658 
-0.0572 
-0.0572 

-0.4922 
-0.2081 
-0.1216 

-0,0667 
-0.0771 

-0.0693 

1 

P a3 
wl 

1 



SCHEDULE 16 

Distance 

h - g - f C e Tensile Axis from 
Reduction - 

E 
2 €3 € 1 

Specimeg and Test Break Do 2 a  2 b  
Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

16-1 s TD 
Room 
Temp. 

0.5418 
0.3356 
0.2404 
0.1568 
0.1146 
0.1121 

0.7804 
0.4088 
0.2750 
0.1706 
0. 1218 
0.1189 

-0.5481 
- 0 . 2 9 6  
-0.1990 
-0.1282 
-0.0946 
-0.0883 

Break 0.123 0.0975 0.0711 
0.0625 0.1095 0.0918 
0.1250 0.1140 0.1008 
0.2500 0.1179 0.1082 

0.5000 0.1193 0.1126 
0 - 3750 0.1197 0.1119 

-0.2323 
-0.1163 
-0.0760 

-0.0272 
-0.0424 

-0.0305 

16-1 L Break 0.0995 0.0736 

0.1250 0.1132 0.0990 

0.5000 0.1185 0.1109 

0.0625 0.1101 0.0935 

0.2500 0.1162 0.1053 
0.3750 0.1174 0.1079 

0.5160 
0.3196 

0.1912 
0.1627 

0.2592 

0.1314 

0. 7256 
0.3850 
0.3001 
0.2122 
0. 1776 
0.1408 

-0.5135 
-0,2742 
-0.2171 
-0.1554 
-0.1310 
-0.1036 

-0.2120 
-0.1108 
-0.0830 
-0.0569 
-0.0466 
-0 - 0373 

16-2 s TD 
Room 
Temp. 

Break O.l-24 0.1016 0.0770 
0.0625 0.1119 0.0952 
0.1250 0.1153 0.1029 
0.2500 0.1192 0.1107 
0.3750 0.1206 0.1138 
0.5000 0.1205 0.1146 

0 . 4 9 2  
0,3072 
0.2284 
0.1418 
0.1074 
0.1019 

0.6757 
0.3670 
0.2593 

-0.4765 
-0.2643 
-0.1865 

-0.1992 
-0.1027 
-0.0727 

0.1529 -0.1135 -0.0395 
0.1136 -0.0858 -0.0278 

-0.0788 -0.0286 0.1075 

16-2 L Break 0.1026 0.0787 
0. 0625 0.1129 0.0971 
0.1250 0.1161 0.1041 
0.2500 0.1187 0.1097 
0.3750 0.1201 0.1131 
0.5000 0.1208 0.1151 

0.4749 
0.2870 
0.2140 

0.6441 
0 * 3383 
0.2408 
0.1662 
0.1240 
0.1006 

-0.4546 

-0.1225 
-0.0920 

-0.2445 
-0.1749 

-0.0745 

-0.1894 
-0.0938 
-0.0658 

-0.0320 
-0.0262 

-0.0437 0.1531 
0.1166 
0.0957 

16-13 s 45" 
Room 
Temp. 

Break 0.124 0.1025 0.0830 
0.0625 0.1120 0.0999 
0.1250 

0.4467 
0.2723 

-0.4014 
-0.2161 

-0.1904 
-0.1018 

3 . I . I I 1 I 



SCHEDULE 16 (continued) 

I 

Distance 

h - g - f 
Tensile Axis f r o m  c e Reduction - 

E 
1 €2 €3 

Specimen and Test Break 2 a  2 b  a Number Temperatureb ( in .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

16-13 L 

16-14 s 

16-14 L 

16-7 s 

0.2500 
0.3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

45" Break 0.124 
Room 0.0625 
Temp. 0.1250 

0.2500 
0.3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

RD Break 0.124 
Room 0.0625 
Temp. 0.1250 

0.2500 
0 - 3750 

0.1179 0.1112 
0.1193 0.1134 
0.1201 0.1151 

0.1038 0.0851 
0.1132 0,1008 

0.1211 0.1164 
0.1217 0.1175 

0.1166 0.1074 
0.1198 0,1139 

0.1027 0.0829 
0.1123 0.0998 

0.1187 0.1125 
0.1186 0.1127 
0.1180 0.1126 

0.1154 0.1055 

o.ioig 0.0813 
0.1120 0.0983 
0.1153 0.1046 
0.1167 0.1072 
0.1177 0.1092 
0.1195 0.1126 

0.0982 0.0833 

0.1185 0.1136 
0.1196 0.1153 

0.1097 0.1006 
0.1154 0.1085 

0.1473 
0.1202 
0.1010 

0.4255 
0 -2579 
0.1856 
0.1126 
0.0832 
0.0700 

0.4463 
0.2711 
0.2082 
0.1315 
0.1307 
0.1359 

0.4612 
0.2840 
0.2156 
0.1864 
0.1641 
0.1249 

0.4680 
0.2823 
0.1857 

0.1032 
0.l245 

0.1594 

0.1064 
0.1280 

0.5543 

0.2052 

0.0869 
0.0726 

0.3162 

0.2983 

0.1194 

0.5911 

0.2334 
0.1410 
0.1401 
0.1460 

0.6184 
0.3340 
0.2429 

0.1792 
0.1334 

0.2063 

0.6311 
0.3317 
0.2054 
0.1330 
0.1089 

-0.1090 
-0.0894 
-0.0745 

-0.3764 
-0.2071 

-0.0850 
-0.0632 

-0.4026 
-0.2171 
-0.1616 
-0.0973 
-0.0956 
-0.0964 

-0.1437 

-0.0538 

-0.4221 
-0.2323 
-0.1701 

-0.1271 
-0.0964 

-0 * 3978 
-0.2091 
-0.1335 
-0.0876 

-0.1456 

-0.0727 

-0.0504 
-0.0386 
-0.0320 

-0.0911 
-0.0615 

-0.1778 

-0.0345 
-0.0237 
-0.0187 

-0.1885 
-0.0991 
-0.0719 
-0.0437 
-0.0445 
-0.0496 

-0.1963 
-0.1018 
-0.0727 
-0.0607 
-0.0521 

-0.2333 
-0.1225 

-0.0361 

-0.0370 

-0.0719 
-0.0454 

1 

1 



SCHEDULE 16 (continued) 

Distance 

h - g - f Tensile Axis from C e Reduction - 
2 €3 € 

Specimeg and Test Break Do 2 a  2 b  
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 

16-7 L 

16-8 s 

16-8 L 

16-3 s 

16-3 L 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

RD Break 0.123 
Room 0.0625 
Temp. 0.1250 

0.2500 
0 * 3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

TI) Break 0.124 
3020~ 0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

Break 
0.0625 
0.1250 

0.0989 0.0837 
0.1102 0.1010 
0.1138 0.1066 
0.1151 0.1080 
0.1142 0.1071 
0.1142 0.1088 

0.0992 0.0844 

0.1155 0.1095 
0.1187 0.1142 
0.1199 0.1165 

0.1108 0.1008 

0.1201 0.1171 

0.0992 0.0825 
0.1108 0. io10 
0.1145 0.1079 
0.1163 0.1115 
0.1177 0.1139 
0.1185 0.1151 

0.0970 0.0688 
0.1079 0.0882 

0.1142 0.1001 
0.1160 0.1034 

0.1117 0.0964 

0.1170 0.1046 

0.0962 0.0686 
0.1085 0.0882 
0.1116 0.0941 

0.4616 
0.2761 
0.2110 
0.1916 
0.2046 

0.4466 
0.2618 
0.1640 

0.0767 

0.1919 

0.1040 

0.0704 

0.4590 

0.1834 
0.1429 
0.1139 

0.2603 

0.0985 

0.5660 
0.3811 
0.2997 
0.2565 
0.2199 
0.2041 

0.5708 

0.3170 
0 * 3776 

0.6192 

0.2126 
0.2288 
0.2131 

0.5917 
0.3035 
0.1772 
0.1098 
0.0798 
0.0730 

0.6144 
0.3015 

0.1542 

0.3232 
0.2370 

0.2026 

0.1209 
0.1036 

0.8346 
0.4798 

0.2964 
0.2484 

0.3562 

0.2282 

0.8458 
0.4742 
0.3813 

-0 * 3930 
-0.2052 
-0.1512 
-0.1382 

-0.1308 

-0.3766 

-0.1163 

-0.1465 

-0.1990 

-0.0742 
-0.0543 
-0.0492 

-0.3994 

-0.1310 
-0.0982 
-0.0769 

-0.1971 

-0.0664 

-0.5891 
-0.3407 

-0.2141 
-0,2518 

-0,1817 
-0.1701 

-0.5920 
-0.3407 
-0 * 2759 

-0.2262 
-0.1180 
-0.0858 

-0.0823 
-0.0823 

-0.2150 

-0.0629 
-0.0356 

-0.0745 

-0.1045 

-0.0255 
-0.0239 

-0.2150 

-0.0716 
-0.0560 

-0.1045 

-0.0440 
-0 - 0373 
-0.2456 

-0.0823 
-0.0667 
-0.0581 

-0.2538 

-0.1391 
-0.1045 

-0 * 1335 
-0.1054 

1 

tJ co co 
1 

I 8 u 4 



. 

SCKE;DuLE 16 (continued) 

a 

Distance 

h - f - g 
Tensile Axis from c e 

Reduction - 
3 

E 
Specimen and. Test Break Do 2 a  2 b 
Numbera Temperatureb (in. ) (in. ) (in. ) (in. ) in Area €1 €2 

16-4 S TD 
302°F 

16-4 L 

16-9 s Fa 
302 F 

16-9 L 

16-10 s m 
302°F 

0.2500 
0.3750 
0.5000 

Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.122 
0.0625 
0.1250 
0.2500 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.124 
0.0625 
0.1250 

0.1149 0.1009 
0.1169 0.1050 
0.1185 0.1082 

0.0968 0.0694 
0.1087 0.0884 
0.1136 0.0968 
0.1168 0.1031 
0.1180 0.1061 

0.0971 0.0689 
0. io83 0,0882 
0.1111 0.0938 
0.1120 0.0965 
0.1144 0.1003 
0.1159 0.1029 

0.0951 0.0811 
0.1051 0.0935 
0.1098 0.0996 
0.1132 0.1067 

0.0933 0.0793 
0.1033 0.0940 
0.1087 0.0999 
0.1117 0.1030 
0.1128 0.1056 
0.1147 0.1088 

0.0926 0.0801 

0.1081 0.0989 
0.1031 0.0924 

0.2460 
0.2017 
0,1661 

0.5631 

0.2168 

0.3751 
0.2848 

0.1858 

0.5649 
0.3788 
0.3222 

0.2538 
0.2971 

0.2244 

0.4818 
0 * 3398 
0.2652 
0.1885 

0.5029 
0.3476 
0.2704 
0.2270 
0 * 1997 
0.1616 

0.5176 
0.3804 
0.3047 

0.2824 
0.2253 
0,1817 

0.8280 
0.4701 
0.3352 
0. 2444 

0.8322 
0.4760 
0.3890 
0 * 3525 
0.2927 
0.2541 

0.6574 
0.4152 

0.2055 

0.3082 
0.2089 

0.6990 
0.4271 
0.3153 
0.2575 
0.2228 
0.1762 

0.7290 
0.4787 
0.3634 

-0.2062 
-0.1663 
-0.1363 

-0.5804 
-0.3384 
-0.2476 
-0.1846 
-0 * 1559 

-0.5876 
-0.3407 
-0.2791 
-0.2507 
-0.2121 
-0.1865 

-0.2661 
-0.2029 
-0.1340 

-0.2607 

-0.1693 

-0.4083 

-0.4308 

-0.1998 

-0.1444 
-0.1145 

-0.4370 
-0.2942 
-0.2262 

-0.0762 
-0.0590 
-0.0454 

-0.2476 
-0.1317 
-0.0876 
-0.0598 
-0.0496 

-0.2445 
-0.1354 
-0. io98 
-0.1018 
-0.0806 
-0.0676 

-0,2491 
-0.1491 
-0,1054 
-0.0749 

-0.2682 
-0.1664 
-0.1154 
-0.0882 
-0.0784 
-0.0617 

-0.2920 
-0.1846 
-0.1372 

I 
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SCHEDULF: 16 (continued) 

Distance 

h - g - f C e Tensile Axis from 
Reduction - 

€ 
2 €3 E 1 

Break Do 2 a  2 b  b Specimeg and Test 
Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

16-10 L 

16-5 s TD 
572°F 

16-5 L 

0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 

Break 0.114 

Break 

0.1107 0.1025 
0.1132 0.1058 
0.1141 0.1080 

0.0947 0.0816 
0.1045 0.0913 

0.1084 0.0972 

0.1142 0.1057 

0.1051 0.0939 

0.1123 0.1031 

0.0808 0.0487 
0.0991 0.0776 
0.1026 0.0866 

0.1110 0.1036 

0.1065 0.0943 
0.1089 0.0994 

0.0811 0.0494 
0.0995 0.0786 
0.1046 0.0898 
0.1056 0.0923 
0.1066 0.0936 
0.1090 0.1003 

0.2620 
0.2211 
0.1986 

0.4974 
0 * 3795 
0.3582 
0.3148 
0.2470 
0.2150 

0.6972 

0,3163 
0.2272 
0.1671 
0.1151 

0.6917 

0.2500 
0.2322 
0.1588 

0.4083 

0.3982 
0.2772 

0 - 3039 
0.2499 
0.2214 

0.6880 

0.3780 

0.4772 
0.4434 

0.2847 
0.2420 

1.1947 
0.5247 

0.2578 
0.1828 

0.3803 

0.1223 

1.1768 

0.2877 
0.2643 

0 * 5079 
0.3247 

0.1729 

-0.1904 
-0.1587 
-0.1382 

-0.4184 
-0.3061 
-0.2780 
-0.2435 
-0.1846 
-0.1597 

-0.8505 
-0.3846 
-0.2749 
-0.1897 
-0.1370 
-0 - 0957 
-0.8362 
-0.3718 
-0.2386 
-0.2112 
-0.1972 
-0.1280 

-0.1135 
-0.0911 
-0.0832 

-0.2696 
-0.1711 
-0.1654 

-0.0823 

-0.1344 
-0.0991 

-0.3442 
-0.1401 
-0.1054 

-0.0458 
-0.0680 

-0.0267 

-0.1360 
-0.0860 
-0.0765 
-0.0671 

-0.3405 

-0.0448 

1 

tJ 
ul 
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Distance 

h - f - g 
Tensile Axis from c e 

3 E 2 E Specimen and. Test Break Do 2 a  2 b Reduction 
Numbera Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 1 

* 

17-13 L TD Break 0.126 
Room 0.0625 
Temp. 0.1250 

0.2500 
0.3750 
0.5000 

17-13 S 

17-14 L TD 
Room 
Temp. 

17-14 S 

17-15 L TD 
Room 
Temp. 

Break 
0.0625 
0.1250 
0.2500 
0.3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.125 
0.0625 
0.1250 

0.1066 0.0771 
0.1173 0.1Ol2 
0.1208 0.1112 
0.1214 0.1125 
0.1217 0.1135 
0.1222 0.1148 

0.1043 0.0787 

0.1194 0.1096 

0.1221 0.1173 

0.1160 0. ioio 

0.1194 0.1092 

0.1049 0.0738 
0.1158 0.G991 
0.1190 0.1077 
0.1199 0.1109 
0.1187 0.1070 
0.1182 0.1052 

0.1010 0.0791 
0.1135 0.1011 
0.1178 0.1099 
0.1194 0.1136 
0.1197 0.1134 
0.1202 0.1154 

0.1059 0.0816 
0.1137 0.0979 
0.1156 0.1017 

0.4823 
0.2523 
0.1539 
0.1397 
0.1300 
0.1164 

0.4830 
0.2620 
0.1757 
0.1787 
0.0979 

0.5045 
0.2656 
0.1798 
0.1490 
0.1871 
0.2042 

0.4887 

0.1714 
0.1391 
0.1313 
0.1122 

0.4470 

0.2476 

0.2656 

0.2876 

0.6584 
0.2907 

0.1505 
0.1392 
0.1237 

0.1671 

0.6596 
0.3038 

0.1969 
0.1030 

0.3086 
0.1982 
0.1613 
0.2072 

0.6708 
0.3087 
0.1881 

0.1191 

0.5923 
0.3391. 
0.2845 

0.1932 

0.7023 

0.2284 

0.1415 
0.1407 

-0.4912 
-0.2192 
-0.1250 
-0.1133 
-0.1045 
-0,0931 

-0.4706 
-0.2212 
-0.1394 
-0.1431 
-0.0716 

-0.2322 
-0.1490 
-0.1197 
-0.1555 
-0.1724 

-0.4576 
-0.2122 
-0.1287 
-0.0956 
-0.0974 
-0 0799 

-0.4265 

-0.2063 

-0.5270 

-0.2444 

-0.0716 -0.1672 

-0. G422 

-0.0347 
-0.0372 

-0.0306 

-0.1890 

-0.0538 
-0.0827 

-0.0538 
-0.0314 

-0 * 1753 
-0.0764 
-0.0492 
-0,0417 
-0.0517 
-0.0559 

-0.2132 
-0.0965 
-0.0593 
-0.0458 
-0.0433 
-0.0392 

-0.1658 
-0.0948 
-0.0782 

I 
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ul 
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SCREDULF: 17 (continued) 

Distance 

h - g - f C e Tensile Axis from 
Reduction - 

1 €2 €3 E 
Speckeg  and Test Break Do P a  ti 2 b  
Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

0.1183 0.1079 
0.1199 0.1124 
0.1214 0.1159 

0.2500 
0 * 3750 
0.5000 

0.1831 
0.1375 
0.0995 

0.2022 
0.1479 
0.1048 

-0.1471 
-0.1062 
-0.0756 

-0.0551 
-0.0417 
-0.0292 

17-16 L TD Break 0.125 
Room 0.0625 
Temp. 0.1250 

0.2500 
0 * 3750 
0.5000 

0. io79 0.0699 

0.1192 0.1082 

0.1164 0.0999 

0.1126 0.0909 
0.1159 0.0993 

0.1177 0.1037 

0.7284 
0.4230 
0.3058 
0.1918 
0.2470 
0.2954 

-0.5812 
-0.3186 
-0.2302 

-0.1868 
-0.1443 

-0.2241 

-0.1471 
-0.1045 

-0.0475 
-0.0756 

-0.0602 
-0.0713 

0.5173 
0.3449 
0.2634 
0.1746 
0.2188 
0.2558 

17-16 S TD 
Room 
Temp. 

0.1053 0.0766 

0.1172 0.1026 
0.1181 0.1044 

0.1146 0.0969 

0.1200 0.1092 
0.1216 0.1161 

0.4838 

0.2304 
0.2893 

0.2109 
0.1613 
0.0965 

0.6612 

0.2619 
0.2369 
0.1760 

0.3415 

0.1014 

-0.4897 
-0.2546 
-0.1975 
-0.1801 
-0.1351 
-0 - 0739 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

-0.1715 
-0.0869 

-0.0568 

-0.0276 

-0.0644 

-0.0408 

17-17 L TD 
Room 
Temp. 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.5444 
0.3308 
0.2535 
0.1612 

0.7860 
0.4017 
0.2923 
0.1758 
0.1451 
0.1444 

-0 - 5835 
-0.2972 
-0.2182 
-0.1304 
-0.1071 
-0.1080 

0.1029 0.0703 
0.1135 0.0936 
0.1170 0.1013 

0.1213 0.1132 
0.1215 0.1131 

0.1204 0.1106 

-0.2025 
-0.1045 
-0.0741 
-0.0455 
-0.0380 
-0.0364 

0.1351 
0.1344 

0.1006 0.0786 
0.1121 0.0986 

0.1166 0.1078 
0.1160 0.1060 

0.1180 0.1106 

0.6970 
0.3621 
0.2555 
0.2335 
0.1960 

-0.4719 
-0.2452 
-0.1728 
-0.1560 
-0.1304 

17-17 S Break 
0.0625 
0.1250 
0.2500 
0.3750 

0.5019 
0.3038 
0.2255 
0.2083 
0.1780 

-0.2251 
-0.1169 
-0.0827 
-0.0775 
-0.0656 

. I .- I * 
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SCHEDULE 17 (continued) 

6 8 

Distance 

h - Q - f 
Tensile Axis f rom c e Reduction - 

E 
2 €3 E: 1 

Specimen and Test Break Do 2 a  2-b a Number Temperatureb ( in .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

17-18 L 

17-18 S 

17-1 L 

17-2 s 

17-3 L 

TD 
Room 
Temp. 

RD 
Room 
Temp. 

RD 
Room 
Temp. 

RD 
Room 
Temp. 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 

Break 
0.0625 
0.1’250 
0.2500 
0.3750 
0.5000 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.126 
0.0625 
0.1250 
0.2500 
0 3750 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1005 0.0718 

0.1206 0.1132 
0.1211 0.1152 

0.1128 0.0951 
0.1169 0.1041 

0.1068 0.0773 
0.1158 0.0983 
0.1185 0.1047 
0.1194 0.1073 
0.1204 0.1100 
0.1212 0.1133 

0.0991 0.0860 

0.1141 0.1073 
0.1101 0.1006 

0.1168 0.1119 
0.1173 0.1129 
0.1178 0.113b 

0.1001 0.0847 

0.1149 0.1066 
0.1159 0.1083 
0.1179 0.1121 

0.1113 0.1003 

0.0997 0.0865 
0.1099 0.1006 

0.1147 0.1077 
0.1159 0.1093 

0.1130 0.1052 

0.1171 0.1119 

0.5382 
0.3134 
0.2212 
0.1263 
0.1072 

0.4716 

0.2060 
0.2715 

0.1801 
0.1524 
0.1212 

0.4632 

0.1768 
0,1658 
0.1586 

0.4660 
0.2968 
0.2285 

0.1675 

0.3023 
0.2288 

0.2094 

0.4481 
0.2924 
0.2392 
0.2094 
0,1893 
0.1614 

0.7726 
0.3761 
0.2500 
0.1350 
0.1133 

0.6380 
0.3167 
0.2306 

0.1653 
0.1292 

0.6221 
0.3600 
0.2599 
0.1945 
0.1813 
0.1726 

0.6273 

0.1985 

0.3522 
0.2594 
0.2349 
0.1833 

0.5943 
0 * 3459 

0.2098 
0.1760 

0.2734 
0.2350 

-0.5544 
-0.2734 
-0.1830 

-0.0896 
-0.0992 

-0.4806 
-0.2403 
-0.1772 
-0.1527 
-0.1278 
-0.0583 

-0.2251 
-0.1606 

-0.1098 

-0.3819 

-0.1187 

-0.1054 

-0 * 3972 
-0.2281 
-0.1672 

-0.1169 

-0.3682 
-0.2172 

-0.1514 

-0.1724 
-0.1490 
-0.1342 
-0.1107 

-0.2182 
-0.1027 
-0.0670 
-0.0358 
-0.0317 

-0.1574 
-0.0764 
-0.0534 
-0.0458 
-0.0375 
-0,0309 

-0.2402 
-0.1349 
-0,0992 
-0.0758 

-0.0673 
-0.0716 

-0.2301 

-0.0922 
-0.0836 
-0.0664 

-0.2262 
-0.1287 
-0.1009 
-0.0860 
-0.0756 
-0.0653 

-0.1240 

I 
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SCHEDULX 17 (continued) 

Distance 
h - g - f Tensile A x i s  from C e Specimen and Test Break Do 2 a  2 b  Reduction - 

Numbera Temperature ( i n .  ) ( in .  ) ( i n .  ) ( i n .  ) i n  Area ‘1 €2 €3 

1-7-3 S Break 
0.0625 
0.1250 
0.2500 
0 * 3750 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

Break 0.126 

0.0995 0.0868 
0.1093 0.1001 

0.1156 0.1095 
0.1161 0.1107 

0.1127 0.1053 

0.4473 

0.2405 
0.1899 
0.1774 

0.2998 
0.5929 
0.3564 
0.2751 
0.2106 
0.1954 

-0.3647 
-0.2221 
-0.1715 
-0.1324 
-0.1-215 

-0.2282 

-0.1036 
-0.0782 

-0.1342 

-0.0739 

0.4335 
0.3228 
0.2229 

0.1654 
0.1930 

0.1499 

0.5683 
0 * 3897 
0.2521 
0.2144 
0.1808 
0.1624 

-0.2094 
-0.1394 
-0.0896 
-0.0750 
-0.0648 
-0.0597 

17-4 L RE 
Room 
Temp. 

0.1022 0.0880 
0. no96 0.0981 
0.1152 0.1071 
0.1169 0.1096 
0.1181 0.1122 
0.1187 0.1137 

-0.3590 

-0.1625 

-0.1160 
-0.1027 

-0.2503 

-0.1394 I 

I 
0.0986 0.0871 
0.1091 0.0998 

0.1155 0.1086 
0.1169 0.1116 

0.1126 0.1048 

0.1175 0.1123 

0.4504 
0.3032 
0.2448 
0.1972 
0.1650 
0.1555 

0.5985 
0.3612 
0.2807 

0,1690 

0.2197 
0.1804 

-0.3613 
-0.2252 
-0.1763 
-0.1406 

-0,1071 
-0.1134 

1.7-5 L RD 
Room 
Temp. 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

-0.2.372 
-0.1360 
-0.1045 
-0.0790 
-0.0670 
-0.0619 

17-5 s 0.0987 0.0860 

0.1121 0.1038 
0.1082 0.0992 

0.1155 0.1086 
0.1181 0.1135 

0.4568 
0.3131 
0.2553 
0.1972 
0.1421 

0.6102 
0.3755 
0.2948 
0.2197 
0 * 1533 

-0,3740 
-0.2312 
-0.1858 
-0.1406 
-0.0965 

-0.2362 

-0.1089 

-0.0568 

-0.1443 

-0.0790 

Break 
0.0625 
0,1250 
0.2500 
0.3750 

Break 0.126 
0.0625 
0.1250 
0.2500 

0.0998 0.0899 
0.1101 0.1027 
0.1136 0.1075 
0.1155 0.1102 

0.4349 
0.2878 
0.2308 
0.1983 

-0 * 3376 
-0.2045 

-0.1340 
-0.1588 

17-6 L RD 
Room 
Temp. 

0 * 5707 
0.3394 
0.2624 
0 e 2210 

-0.2331 
-0.1349 
-0.1036 
-0.0870 

I I . b 
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SCHEDULE 17 (continued) 

m I 

Distance 

h - g - f Tensile Axis from c e Reduction - 
E 3 

E 1 €2 
Specimen and Test Break Do 2 a  2 b  a 
Number Temperature (in.) (in.) (in.) (in.) in Area 

17-6 s 

17-19 L 

17-19 S 

17-20 L 

0.3750 
0.5030 

Break 
0.0625 
0.1250 
0.2500 

TD Break 0.126 
572°F 0.0625 

0.1250 
0.2500 
0 * 3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

TD Break 0.126 
572°F 0.0625 

0.1250 
0.2500 
0 * 3750 
0.5000 

0.1166 0.1117 
0.1177 0.1126 

0.1019 0.0879 
0.1110 0.1012 
0.1144 0.1069 
0.1176 0.1116 

0.0948 0.0517 
0.1106 0.0852 
0.1152 0.0703 

0.1167 0.1003 
0.1159 0.0979 

0.1194 0.1081 

0.0820 0.0509 
0.1082 0.0843 
0.1142 0.0972 
0.1174 0.1054 
0.1182 0.1072 
0.1198 0.1109 

0.0939 0.0514 
0.1106 0.0857 
0.1154 0.09j6 
0.1171 0.1023 
0.1171 0.1023 
0.1179 0.1042 

0.1796 
0.1652 

0.4358 
0.2924 
0.2297 
0.1733 

0.6913 
0.4065 

0.2853 
0.2627 
0.1870 

0 * 7371 
0.4255 
0.3008 
0.2206 
0.2019 
0.1632 

0.6960 

0.2906 

0.2262 

0.4899 

0.4030 

0.2454 
0.2454 

0.1980 
0.1806 

0.3459 
0.2610 

0.5724 

0.1904 

1.1753 
0.5216 
0.6731 
0.3359 
0.3048 
0.2070 

1.3360 
0.5542 
0.3578 
0.2492 
0.2255 
0.1781 

1.1907 
0.5158 
0.3433 
0.2816 
0.2816 
0.2564 

-0.1205 

-0.3601 
-0,2192 
-0,1644 

-0.8908 
-0.3913 
-0.5835 

-0.1124 

-0.1214 

-0.2523 
-0.2281 
-0.1532 

-0.9064 
-0.k019 
-0.2595 
-0.1785 
-0.1616 
-0.1276 

-0.8966 
-0.3854 
-0.2554 
-0.2084 
-0.2084 
-0.1900 

-0.0775 
-0.0681 

-0.2123 
-0.1268 
-0.0966 
-0.0690 

-0.2845 
-0.1304 
-0.0896 
-0.0836 
-0.0767 

-0.4296 

-0.0983 

-0.0639 

-0.0538 

-0,1523 

-0.0707 

-0.0505 

-0.2940 
-0.1304 
-0.0879 

-0.0664 

-0.0732 
-0.0732 

I 
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scHED.JLE 17 (continued.) 

Distance 
h - g - f C e Tensi le  Axis from 

Reduction - 
1 €2 €3 E 

Specimen and Test Break Do 2 a  2 b  
a Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

Break 
0.0625 
0.1250 
0.2500 

0.0900 0.0673 

0.1154 0.0978 
0.1084 0.0815 

0.1175 0.1040 

0.6185 

0.2891 
0.4435 

0.2303 

0.9636 
0.5861 

0.2617 
0.3412 

-0.6271 
-0 - 4357 
-0.2534 
-0.1919 

-0.8454 
-0.11126 
-0.2909 
-0.2035 
-0.2084 
-0.2402 

-0.3365 

-0.0698 

-0.1504 
-0.0879 

17-20 S 

17-21 L TD Break 0.126 
572°F 0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

0.0938 0.0541 

0.1136 0.0942 
0.1092 0.0834 

0.1167 0.1028 
0,1166 0.1023 
0.1153 0.0991 

0.6804 
0.4264 

0.2444 
0.2487 

0.3260 

0.2803 

1.1406 
0.5557 
0 - 3945 
0.2802 
0.2859 
0.3289 

-0.2951 
-0.1431 
-0.1036 
-0.0767 
-0 - 0775 
-0.0887 

I 

0.0926 0.0536 
0.1087 0.0823 

0.1188 0.1068 
0.1208 0.1123 

0.1133 0.0932 
0.1177 0.1040 

0.6874 
0.4365 
0 - 3349 
0.2296 
0.2008 
0.1455 

1.1627 

0.2600 

0.5736 
0.4078 

0.2242 
0.1572 

-0.8547 
-0.4259 

-0,1919 
-0.1653 
-0.1151 

-0,3015 

-0.3080 

-0.1062 
-0.0681 
-0.0588 
-0.0422 

-0.1477 
17-21 s Break 

0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

I 

-0.24511 

-0.0808 

-0.0568 

-0.1197 

-0.0704 
-0.0739 

0.0978 0.0574 
0.1109 0.0862 
0.1153 0.0988 
0.1165 0.1009 
0.1161 0.0989 
0.1181 0.1034 

0.6407 
0.3882 

0.2651 
0.2185 

0.2709 
0.2477 

1.0237 
0.4913 

0.2846 
0.3160 

-0.7783 
-0.3716 

-0 ‘ 2142 
-0.2352 

17-22 L TD Break 0.125 
572°F 0.0625 

0.1250 
0.2500 
0 * 3750 
0.5000 

0.3081 
0.2465 

-0.2342 
-0.1897 

0.6789 

0,2640 

0.4029 
0.2842 

1.1360 -0.8637 
-0 * 3951 
-0.2536 
-0.2352 

-0.2723 
-0.1206 
-0.0808 
-0.0713 

17-22 s Break 
0.0625 
0.1250 
0.2500 

0.0952 0.0527 
0.1108 0.0842 
0.1153 0.0970 
0.1164 0.0988 

0.5157 
0.3344 
0.3065 

c I 1 I 
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SCHEDULE 17 (continued) 

. 1 . 

Distance 

h - g - f Tensi le  Axis from C 
e Reduction - 

2 €3 E 1 € 
Specimer., and Test Break ’0 2 a  2 b  

Numbera Temperatureb (in.) (in.) (in.) (in.) in Area 

17-23 L 

17-23 S 

17-211. L 

17-24 S 

0.3750 0.1186 0.1051 
0.5000 0.1205 0.1103 

TD Break 0.126 0.0921 0.0467 
572°F 0.0625 0.1091 0.0826 

0.1250 0.1146 0.0960 
0.2500 0.1172 0.1030 
0.3750 0.1167 0.1008 
0.5000 0.1172 0.10211. 

Break 0.0911-6 0.0519 
0.0625 0.1104 0.0857 
0.1250 0.1159 0.0999 
0.2500 0.1187 0.1084 
0.3750 0.1177 0.1102 
0.5000 0.1207 0.1119 

TD Break 0.125 0.0887 0.0464 
572°F 0.0625 0.1071 0.0849 

0.1250 0,1132 0.0982 
0.2500 0.1191 0.1017 
0.3750 0.1157 0.1026 
0.5000 0.1172 0.1061 

Break 0.0951 0.0508 
0.0625 0.1111 0.0861 
0.1250 0.1166 0.1006 
0.2500 0.1193 0.1081 
0.3750 0.1194 0.1087 
0.5000 0.1204 0.1111 

0.2022 
0.1494 

0.7291 
0.4324 
0.3070 

0.2590 
0.2441 

0.2396 

0.6907 

0.1895 
0.1830 

0.7366 

0.4040 
0.2707 

0.1493 

0.4181 
0.2886 
0.2248 
0.2403 
0.2042 

0.6908 
0.3878 

0.1694 

0.2493 
0.1746 

0.1439 

0.2260 
0.1618 

1.3059 
0.5663 
0.3668 

0.2998 
0,2798 

1.1736 

0.2740 

0.5176 
0.3157 
0.2101 
0.2021 
0.1616 

0.54l.b 

0.2546 

1.3341 

0.3405 

0.2748 
0.2284 

1.1738 

0.2867 
0.1919 
0.1856 

0.4907 

0.1554 

-0.1734 
-0.1251 

-0 * 9925 
-0,11223 

-0.2016 
-0,2231 
-0.20711 

-0.2719 

-0.8870 
-0.3854 
-0.2321 
-0.1504 
-0.1340 
-0.1187 

-0.9910 
-0.3868 

-0.2063 

-0.1639 

-0.3728 
-0.2172 
-0.1453 
-0.1397 
-0,1179 

-0.2413 

-0 * 1975 

-0.9004 

-0.0526 
-0.0367 

-0.31311 
-0.1440 
-0,091~8 
-0.0724 
-0.0767 
-0.0724 

-0.2866 
-0,1322 
-0.0336 

-0.0681 
-0 0597 

-0.0430 

-0.31130 
-0.1546 

-0.0484 
-0.0773 
-0.0644 

-0.2734 

-0.0992 

-0.1179 
-0.0696 
-0.0467 
-0.0458 
-0.0375 

1 

P ul 
-4 

1 



SCHEDULE 17 (continued) 

Distance 
h - f2 - f C e Tensi le  Axis from 

Reduction - 
3 E 2 E 

Specimen and Test Break Do 2 a  2 b  
€1 a Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area 

17-7 L RD Break 0.126 0.0835 0.0622 
572°F 0.0625 0.1042 0.0885 

0.1250 0.1110 0.0985 
0.2500 0.1152 0.1063 
0.3750 0.1161 0.1083 
0.5000 0.1164 0.1096 

0.6729 
0.11191 

1.1174 
0.5432 
0.3730 
0.2596 
0.2332 
0.2187 

-0.4114 
-0.1900 
-0.1268 
-0.0896 
-0.0818 
-0.0792 

-0.7059 
-0.3533 
-0.2462 
-0.1700 
-0.1514 
-0.1394 

0.3113 
0.2287 
0.2080 
0.1964 

17-7 S Break 0.0817 0.0632 

0.1250 0.1103 0.1001 
0.2500 0.1146 0.1075 
0.3750 0.1165 0.1100 

0.0625 0.1039 0.0896 

0.5000 0.1172 0.1114 

0.67413 
0.4136 
0.3046 

0.1928 
0.2240 

0.1776 

1.1232 
0.5338 
0.3632 
0.2536 
0 .2111-2 
0.1956 

-0.6900 

-0.2301 
-0,1588 

-0.1232 

-0.3409 

-0.1358 

-0.4332 
-0,1928 

-0.0948 
-0.0781~ 

-0.1331 

-0.0724 

1 

1 

17-8 L RD Break 0.126 0.0837 0.0671 
572°F 0.0625 0.1033 0.0913 

0.1250 0.1100 0.1003 
0.2500 0.1134 0.1052 
0.2750 0.1140 0.1055 
0.5000 0.1154 9.1075 

0.6462 
0.4059 
0.3050 
0.2486 
0.2424 
0.2186 

-0.6301 
-0.3221 
-0.2281 
-0.1804 
-0.1776 
-0,1588 

1.0391 
0.5208 
0.3639 
0.2858 
0.2776 
0.2467 

-0.4090 
-0.1986 
-0.1358 
-0.10511 
-0.1001 
-0.0c79 

Break 0.0832 0.0621 
0.0625 0.1041 0.0880 
0.1250 0.1104- 0.0859 
0.2500 0.1135 0.1029 
0.3750 0.1154 0.1073 
0.5000 0.1169 0.1102 

o . 6711.6 
0.4230 
0.4027 
0,2611.4 
0,2200 
0.1886 

1.1226 
0 5499 
0.5153 
0.3070 
0.2485 
0.2090 

17-8 S -0.7075 
-0.3590 

-0.2025 
-0,1606 

-3.3c.31 

-0.1340 

-0.4150 
-0.1909 
-0.1322 
-0.1011-5 
-0.0879 
-0.0750 

17-9 L RD Break 0.126 0.0844 0.0663 
572" F 0,0625 0.1049 0.0914 

0.1250 0.1109 0.0995 

0.6475 
0.3961 
0.3050 

-0.61!21 
-0.3210 
-0.2361 

1.0428 
0.50&3 
0.3638 

-0.4007 
-0.1833 
-0.1276 

. I . & 



SCHEDULE 17 (continued.) 

. W . . 

Distance 

h - g - e f Tensile Axis f rom c 
Reduction - 

E 
2 €3 E 1 

Specimen and Test Break Do 2 a  2 b  
3. 

Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

17-10 L 

17-10 s 

17-11 L 

17-11 S 

0.2500 
0.3750 
0.joco 

RD Break 0.125 
572°F 0.0625 

0.1250 
0.2500 
0.3750 
0.j000 

Break 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

P.D Break 0.126 
572°F 0.0625 

0.1250 
0.2500 

0.5000 
0.3750 

Break 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

0.1143 0.1051 
0.1172 0.1094 
0.1185 0.1121 

0.0808 0.0626 
0.1035 0.0896 

0.1142 0.1066 
0.1154- 0.1093 

0.1101 0.0996 

0.1164 o . i i i i 5  

0.0810 0.0650 
0.1022 0.0910 

0.1115 0.1029 

0.1152 0.1100 

0.1084 0.0987 

0.1144 0.1086 

0.0820 c .0632 
0.1037 0.0900 

0.1161 0.1085 

0.1106 0.0987 
0.1143 0.1045 

0.1173 0.1101 

0.0830 0.0643 
0.1042 0,0894 
0.1110 0.0994 
0.1148 0.1061 
0.1162 0.1094 
0.1173 0.1102 

0.2433 
0.1924 
0.1633 

0.6763 
0.4065 

0.2209 

0.1694 

0.6630 
0.4048 
0.3153 
0.2657 
0.20b9 

0.6736 

0.2476 
0.2066 
0.1865 

0.6638 

0.2982 

0 1928 

0.1890 

0.4121 
0.3124 

0.4132 
0.3050 
0.2328 
0 * 1993 
0.1858 

0.2788 

0.1783 
0.2137 

1.1279 
0.5217 
0.3541 

0.2141 
0.2496 

0.1856 

1.0878 
0.5188 
0.3787 
0.3088 
0.2292 
0.2095 

1.1195 
0.5312 

0.2846 
0.3746 

0.2314- 
0.2064 

1.0902 
0.5331 
0.3639 
0.2650 
0.2222 
0.2055 

-0.1814 
-0.1413 
-0,1169 

-0.6916 
-0.3330 
-0.2272 

-0.1342 

-0.6539 

-0.2362 
-0.1946 

-0.1592 

-0.1143 

-0.3174 

-0,1406 
-0.1278 

-0.6900 

-0.1871 

-0.3365 
-0.2442 

-0.1495 
-0.1349 

-0.6727 
-0.3432 
-0.2371 
-0.1719 

-0.1340 
-0.1413 

-0.0975 
-0.07& 
-0.0614 

-0.4363 

-0.1269 
-0.09011 

-0.1887 

-0.0799 
-0.0713 

-0.4339 

-0.11125 

-0.0816 

-0.4296 

-0,2014 

-0.1143 
-0.0886 

-0.1948 
-0.1304 
-0 * 0975 
-0.0818 
-0.0716 

-0.1900 
-0.1268 

-0.0810 
-0.0716 

-0.4174 

-0.0931 

I 

I 



SCKEDULF: 17 (continued) 

Distance 

h - g - f Tensile Axis from c e Reduction - 
3 

E 
1 €2 € 

Specimen and Test Break Do 2 a  2 b  
Number" Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

17-12 L RD Break 
572°F 0.0625 

0.1250 
0.2500 

0.5000 
0.3750 

17-12 s Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.126 0.0846 
0.1046 
0.1112 
0.1157 
0.1171 
0.1182 

0.0838 

0.1116 
0.1165 

0.1186 

0.1047 

0.1179 

0.0637 
0.0892 
0.0988 
0.1069 

0.1117 
O.l.097 

0.0638 
0.0887 
0.0595 
0.1093 
0.1125 
0.1141 

0.6606 
0.4123 
0.3080 
0.2209 
0.1909 
0.1684 

0.6632 

0.3006 
0.4150 

0.1952 
0.1645 
0.1476 

1.0804 
0.531-5 
0.3681 
0.2497 
0.2118 
0.1844 

1.0884 
0.5362 
0.3575 
0.2172 
0.1798 
0 * 1597 

-0.6821 
-0.3454 
-0.2432 
-0.1644 
-0.1385 
-0.1205 

-0.6805 

-0.2361 
-0.3510 

-0.1422 
-0.1133 
-0.0992 

-0.3984 
-0.1861 
-0.1250 
-0.0853 
-0.0732 
-0.0639 

-0.4078 -0.1852 

-0.1214 
-0.0750 
-0.0664 
-0.0605 

I 

I 

* I I " * . 
e. 
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SCHEDULE 18 

I . 

Distance 

h - g - f Tensile Axis from C e Reduction - 
E: 3 E 2 E 1 

Specimen and Test Break Do 2 a .  2 - b  a 
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

18-1 L 

18-1 s 

18-2 L 

18-2 s 

18-3 L 

TD Break 0.125 
Room 0.0625 
Temp. 0.1250 

0.2500 
0 * 3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

TD Break 0.125 
Room 0.0625 
Temp. 0.1250 

0.2500 
0.3750 
0.5000 

Break 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

TD Break 0.125 
0.0625 
0.1250 
0.2500 

0.1013 0.0758 
0.1151 0.1015 

0.1213 0.1152 
0.1198 0.1114 

0.1217 0,1169 
0.1217 0.1158 

0.1028 0.0807 
0.1149 0.1018 
0.1183 0.1081 

0.1194 0.1111 
0.1196 0,1111 

0.1203 0.1131 

0.0991 0.0730 
0.1108 0.0923 

0.1173 0.1043 
0.1129 0.0968 

0.1206 0.1129 
0.1213 0.1147 

0.1002 0.0816 
0.1106 0.0975 
0.1145 0.1038 
0.1171 0.1087 
0.1180 0.1100 
0.1203 0.1145 

0.0929 0.0721 

0.1111 0.1016 
0.1063 0.0940 

0,1142 0. io62 

0.50% 
0.2523 
0.1459 
0.1057 
0.0895 
0.0981 

0,4691 

0.1816 
0.1496 
o s  1510 
0.1292 

0.5370 
0 * 3455 
0.3006 
0.2170 
0.1286 
0.1096 

0.2514 

0.4767 
0.3099 
0.2394 
0.1854 
0.1693 
0.1184 

0.571-3 
0.3605 
0.2776 
0.2238 

0.7104 
0.2908 

0.1117 

0.1032 

0.6331 
0.2896 

0.1620 
0,1637 

0 1577 

0.0938 

0.2004 

0.1384 

0.7700 
0.4239 
0 * 3575 
0.2446 
0.1376 
0.1160 

0.6476 
0 * 3709 
0.2736 
0.2050 
0.1855 
0.1261 

0.8470 
0.4471 
0.3252 
0.2534 

-0.5002 
-0.2082 
-0,1152 
-0.0816 
-0.0670 

-0.4376 

-0.0764 

-0.2053 
-0.1453 
-0.1179 
-0.1179 
-0.1004 

-0 * 5378 
-0.3033 
-0.2557 
-0.1810 
-0.1018 
-0.0860 

-0,4265 
-0.2485 
-0.1858 

-0.1278 
-0 * 1397 

-0.0877 

-0.5503 
-0.2850 
-0.2073 
-0.1630 

-0.2102 
-0,0825 
-0.0425 
-0.0300 
-0.0268 
-0.0268 

-0.1955 
-0.0842 

-0.0442 

-0.0383 

-0.0 j 5 1  

-0.0458 

-0.2322 
-0.1206 
-0.1018 
-0.0636 
-0.03 58 
-0.0300 

-0.2212 
-0.1224 
-0.0877 
-0.0653 
-0.0576 

-0.2968 
-0.1620 

-0.0383 

-0.1179 
-0.0904 

I 

Iu 
0 
I-‘ 
I 



SCHEDULF, 18 (continued.) 

Distance 

h - g - f Tensi le  Axis from C e Specimen and Test Break Do 2 a  2 b  Reduction - 
Numbera Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area ‘1 ‘2 €3 

0.1150 0.1080 
0.1138 0.1057 

0.2296 
0.2616 

0.3750 
0.5000 

-0.1462 
-0.1677 

0.2051 
0.2302 

-0.0834 
-0- 0939 

-0.2681 

-0.0895 
-0.0678 
-0.0721 

-0.1351 

-0.0713 

18-3 S 0.0956 0.0711. 
0.1092 0.0929 
0.1143 0.1013 
0.1168 0.1058 
0.1163 0.1058 
0.1164 0.1067 

0.5650 
0.3507 
0.2590 
0.2091 
0.2125 
0.2051 

0.8324 
0.4319 
0.2997 
0.2346 
0.2389 
0.2296 

-0.5642 
-0.2968 
-0.2102 
-0.1668 
-0.1668 
-0.1583 

Break 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

I 
18-4 s TD Break 0.l-25 

302°F 0.0625 
0.1250 
0.2500 
0 - 3750 
0.5000 

0.0956 0.0684 
0.1091 0.0905 
0.1131 0.0992 
0.1146 0.1022 

0.1178 0.1069 
0.1164 0,1042 

0.5815 
0.3681 
0.2820 

0.2238 
0.2504 

0.1941 

0.8711 
0.4590 
0.3312 
0.2882 
0.2533 
0.2158 

-0.6029 

-0.2312 

-0.1820 
-0.1564 

-0.3230 

-0.2014 

-0.2681 
-0.1360 
-0.1000 
-0.0869 
-0.0713 
-0.0593 

I 

18-4 L 0.0953 0.0696 
0.1081 0.0929 
0.1117 0.0977 
0.1122 0.0981 

0.1152 0. io44 
0.1141 0.lOl7 

0.8568 
0.4420 
0 - 3589 
0.3504 
0.2975 
0.2617 

-0.5856 
-0.2968 

-0.2063 
-0.1801 

-0.2464 
-0.2423 

Break 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

0 5755 
0.3573 
0.3016 
0.2956 
0,2574 
0.2303 

-0.2713 
-0.1453 

-0.1080 
-0.1125 

-0.0912 
-0.0816 

18-5 s TD Break 0.125 
572°F 0.0625 

0.1250 
0.2500 

0.5000 
0.3750 

0.0859 0.0527 
0.1061 0.0859 
0.1120 0.0973 
0.1146 0,1037 
0.1150 0.1036 
0.1161 0.1064 

1.2388 
0.5391- 
0.3603 
0.2737 
0.2712 
0.2350 

-0.8637 

-0.1868 
-0.1878 
-0.1611 

-0.3751 
-0.2505 

0.7103 
0.4167 

0.2394 
0.2375 
0.2094 

0.3026 

-0 - 3751 
-0.1639 
-0.1098 -0.0869 

-0.083’1- 
-0.0739 

. . . b 
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SCHEDULE 18 (continued) 

Distance 

h - g - f 
Tensile Axis from C 

e 
Reduction - 

2 €3 E 
Specimeg and Test Break Do 2 a  2 b  
Number Temperatureb (in. ) (in. ) (in. ) (in. ) in Area €1 

0.1640 

0.1366 
0.1442 

0.2500 
0.3750 
0.5000 

0.1157 0.1129 

0.1171 0.1152 
0.1173 0.1140 

0.1791 
0 * 1557 
0.1469 

-0.1018 
-0.0921 
-0.0816 

-0.0773 
-0.0636 
-0.0653 

18-8 s RD Break 0.126 
Room 0.0625 
Temp. 0.1250 

0.2500 
0 * 3750 

0.0979 0.0949 
0.1082 0.1046 
0.1126 0.1089 
0.1145 0.1123 
0.1161 0.1138 

0.4148 
0.2871 
0.2276 
0.1901 
0.1678 

-0,2835 
-0.1861 

-0.1151 
-0.1018 

-0.1458 

0.5358 
0.3384 
0.2583 
0.2108 
0.1837 

-0.2523 
-0.1523 
-0.1124 
-0.0957 
-0.0818 

1 
18-8 L Break 

0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0971 0.0935 
0.1085 0.1051 
0.1115 0.1094 
0.1138 0.1120 

0.1166 0.1156 
0.1156 0.1141 

0.4281 

0.2317 
0.1972 

0.2817 

0.1692 
0.1510 

0.5589 
0.3309 
0.2635 
0.2196 

0.1637 
0.1854 

-0,2983 
-0.1814 
-0.1413 
-0.1178 
-0.0992 
-0.0862 

-0.2605 

-0.1223 
-0.1018 
-0.0862 
-0.0775 

-0.1495 
Iu 
0 
&- 
1 

18-9 L RD Break 0.125 
302°F 0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

0.0881 0.0868 
0.1015 0.0998 
0.1080 0.1062 
0.1119 0.1101 
0.1138 0.1122 
0.1156 0.1132 

0.5106 0.7146 
0.4334 
0.3092 
0.2376 
0.2019 
0.1773 

-0.3647 
-0.2252 
-0.1630 
-0.1269 
-0.1080 
-0.0992 

-0.3498 
-0.2082 
-0.1462 
-0.1107 
-0 * 0939 
-0.0782 

0 * 3517 
0.2660 
0.2115 

0.1625 
0.1828 

18-9 s 0.0897 0.0874 
0.1032 0. ioio 
0.1078 0.1064 

0.1115 0.1101 
0.1107 0.1086 

0.1140 0.1128 

0.4982 
0.3329 
0.2659 
0.2306 
0.2143 
0.1770 

0.6897 

0.2621 

0.4048 
0.3091 

0.2412 
0,1948 

-0 * 3578 
-0.2132 
-0.1611 
-0.1406 
-0.1269 
-0.1027 

-0.3318 

-0.1480 
-0.1916 

-0.1215 

-0.0921 
-0.1143 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

. . L  . 
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SCHEDULE 18 (continued) 

Distance 

h - g - f Tensile Axis from C e Reduction - 
€ 

2 €3 E 1 
Specimen a and Test Break Do 2 a  2 b  
Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

18-10 L RD 
Room 
Temp. 

Break 0.126 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0918 0.0859 

0.1131 0.1098 
0.1163 0.1138 

0.1034 0.0971 
0.1086 0.1049 

0.1166 0.1152 

0.6998 

0.2456 

0,1671 

0.4582 
0.3319 

0.1820 

-0.3831 
-0.2605 
-0,1833 
-0.1376 

-0.0896 
-0.1018 

-0,3167 
-0.1977 
-0.1486 
-0.1080 

-0 * 0775 
-0.oao1 

0.5033 
0.3676 
0.2824 
0.2178 
0.1664 
0.1539 

18-10 s 0.0931 0.0882 

0.1081 0.1051 

0.1160 0.1133 
0.1168 0.1145 

0.1042 0.1009 

0.1128 0.1102 

0.4828 
0.3384 
0.2844 
0.2170 
0.1722 
0.1576 

0.6593 

0.3346 
0.2446 
0.1889 
0.17’15 

0.4131 
-0 - 3567 
-0,2231 
-0.1814 
-0.1340 
-0.1062 
-0 * 0957 

-0.3026 
-0.1900 

-0.1107 

-0.0758 

-0.1532 

-0,0827 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

I 

I 

0.6422 
0.5306 
0.3116 
0.3164 
0.2993 
0.2117 

-0.5444 
-0.5122 
-0.2006 
-0,2123 
-0.1996 
-0.1413 

-0.4834 

-0.1728 
-0.1681 
-0.1560 
-0.0966 

-0.2442 
18-11 L RD Break 0.126 

572°F 0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0777 0.0731 
0.0987 0.0755 

0.1065 0.1019 
0.1060 0.1031 

0.1078 0.1032 
0.1144 0.109b 

1.0279 
0.7564 
0.3734 
0.3804 
0.3556 
0.2378 

0.6175 
0.3822 

0.2156 
0.1822 
0.1634 

0.2931 

0.9611 
0.4817 
0.3469 
0.2428 
0.2011 
0.1784 

-0.5069 
-0.2595 
-0.1890 
-0% 1313 
-0.1098 
-0.0948 

-0.4543 
-0.2222 
-0 * 1579 
-0.1116 
-0.0914 
-0.0836 

18-11 s Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0800 0.0759 

0.1076 0.1043 
0.1009 0.0972 

0.1127 0.1105 
0.1150 0.1129 
0.1159 0.1146 

18-12 L ED Break 0.126 
572°F 0.0625 

0.1250 
0.2500 

0.0775 0.0688 
0.1005 0.0936 
0.1076 0.1018 
0.1133 0.1081 

0.6642 

0.3100 
0.2285 

0.4075 
-0.6051 
-0.2972 
-0.2133 
-0.1532 

-0.4860 
-0.2261 

-0.1062 
-0 * 1579 

1.0911 
0.5234 
0.3711 
0.2595 



SCmDULE 18 (continued) 

Distance 
Tensile Axis from c 

h - F3 - e f Reduction - 
E 
1 €2 €3 

Specimen and Test Break Do 2 a  2 b  a 
Number Temperatureb (in.) (in.) (in.) (in.) in Area 

0.3750 
0.5000 

0.1156 0.1117 
0. 1172 0.1137 

0.1867 
0.1606 

0.2066 
0.1751 

-0.1205 
-0.1027 

-0.0862 
-0.0724 

0.6615 

0.3084 
0.4114 

0.2442 
0.2134 
0.1807 

18-12 s Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0770 0.0698 
0.0992 0.0942 
0.1066 0.1030 
0.1108 0.1083 
0.1124 0.1111 
0.1148 0.1133 

1.0831 
0.5300 
0.3688 
0.2799 
0.2401 
0.1993 

-0.5906 

-0.2016 

-0.1062 

-0.2909 

-0.1514 
-0.1258 

-0.4925 
-0.2391 
-0.1672 
-0.1286 
-0.1142 
-0.0931 

I 

18-13 L TD Break 
Room 0.0625 
Temp. 0.1250 

0.2500 
0.3750 
0.5000 

0.250 0.2051 0.1583 
0.2183 0.1832 

0.2393 0.2190 

0.2288 0.1997 
0.2359 0.2140 

0.2419 0.2255 

0.4805 
0,3601. 
0.2689 

0.1615 
0.1272 

0.1923 

0.65’19 
0.4465 
0.3133 
0.2135 
0.1761 
0.1361 

-0.4570 
-0.3109 
-0.22116 
-0.1555 
-0.1324 
-0.1031 

-0.1980 
-0.1356 
-0.0886 
-0.0580 
-0.0437 
-0.0329 

I 

18-13 s 0.2016 0.1623 
0.2161 0.1855 
0.2252 0.2010 
0.2346 0.2144 
0.2388 0.2239 
0.2439 0.2327 

0.4765 
0.3586 
0.2758 
0.1952 
0.1445 
0.0919 

0.6472 

0.3226 
0.2172 
0.1561 
0.0964 

0.4441 
-0.4320 
-0.2984 
-0.2182 
-0.1536 
-0.1103 
-0.0717 

Break 
0.0625 
0.1250 
0.2500 

0.5000 
0.3750 

-0.2152 

-0.0636 

-0.1457 
-0.1045 

-0.0458 
-0.0247 

18-14 L TD Break 
Room 0.0625 
Temp. 0.1250 

0.2500 
0.3750 
0.5000 

0.250 0.2022 0.1612 
0.2155 0.1841 
0.2244 0.1990 
0.2329 0.2121 
0.2’349 0.2165 
0.2363 0.2196 

0.4785 
0.3652 
0.2855 
0.2096 
0.1863 
0.1697 

0.6510 

0.3362 

0,2062 
0.1860 

0.4545 

0.2352 

-0.4388 
-0.3060 

-0.1644 

-0,1296 

-0.2282 

-0.1439 

-0.2122 
-0.1485 
-0.1080 
-0,0708 
-0.0623 
-0.0564 

, * . I *  



SCHEDULE 18 (continued) 

Distance 

h - g - f Tensile Axis from c e Reduction - 
2 €3 E 

Specimen and Test Break Do 2 a  2b 
€1 a Number Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

18-14 S 0.2027 0,1619 

0.2260 0.2013 
0.2357 0.2190 
0.2443 0.2346 

0.2167 0.1835 
0 * 47'r-9 
0.3638 
0.2721 
0.1706 
0. 0830 

0.6442 
0.4522 
0.3176 
0.1871 
0. 0866 

-0.4345 

-0,2167 

-0. 0636 

-0.3092 

-0.132'4 

-0.2097 
-0.1430 

-0.0547 
-0.1009 

-0.0231 

Break 
0.0625 
0.1250 
0.2500 
0.3750 

-0.2634 
-0,1984 
-0.1485 
-0.1120 
-0.0943 
-0.0838 

-0.2464 
-0.1806 
-0.1328 

-0.0803 
-0.0683 

-0.0943 

18-15 L RD Break 0.250 
Room 0.0625 
Temp. 0.1250 

0.2500 

0.5000 
0.3750 

0.1954 0.1921 

0.2189 0.2155 
0.2275 0.2235 
0.2307 0.2275 
0.2335 0.2299 

0.2087 0.2050 
0 - 3994 
0.3155 
0. 2h52 
0.1865 
0.1602 
0.1411 

0 * 5099 
0 ' 3790 
0.2814 
0.2064 
0.1746 
0.1521 

I 

I 
0.3860 
0.3024 
0.2363 
0.1713 
0.1314 
0.0776 

0.4877 
0.3601 
a .  2696 
0.1879 
0.1409 
0.0808 

-0.2671 
-0.1999 

-0.1067 

-0. e442 

-0. 1504 

-0.0782 

-0.2206 
-0.1602 
-0.1192 

-0.0627 
-0.0367 

-0.0812 

18-15 s Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0. 2005 0.1914 
0.2130 0.2047 
0.2219 0.2151 
0.2305 0.2247 
0.2348 0.2312 
0.2410 0.2392 

0.1971- 0.1885 

0.2230 0.2180 

0.2076 0.2015 
0,2155 0.2104 

0.2254 0.2201 
0.2274 0.2216 

0.4056 
0.3307 
0.2745 
0.2222 

0.1937 
0.2062 

-0.2824 

-0.1724 

-0.1274 

-0.2157 

-0.1370 

-0.1206 

-0.2378 
-0.1858 

18-16 L RD Break 0.250 
Room 0.0625 
Temp. 0.1250 

0.2500 
0.3750 
0. 5000 

0.5201 

0,3210 

0.2310 

0.4015 

0.2513 

0.2153 

-0.1485 
-0.1143 

-0.0948 
-0. 1036 

0.11-958 
0.3830 
0.2970 
0.2223 
0.1807 
0.1590 

-0.2671 
-0.2063 
-0 * 1555 
-0.1161 
-0.0934 
-0.0851 

-0.2287 

-0.1062 

-0.1767 
-0.1416 

-0.0873 
-0s 0739 

18-16 s Break 
0.0625 
0.1250 
0.2500 

0.5000 
0 * 3750 

0.1989 0.1914 
0.2095 0.2034 

0.2248 0.2226 
0.2170 0.2140 

0.2291 0,2277 
0.2322 0.2296 

0.3939 
0.3182 

0.1653 

0.2570 
0.1994 

0.1470 



SCHEDULE 62 

Distance 
Tensile Axis from C 

h - €5 - e f Reduction - 
1 €2 €3 E 

Specimen ana Test Break Do 2 a  a 2 b  
Numbera Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

62-1 L TD 
R o o m  
Temp. 

Break 0.125 
0.0625 
0.1250 
0.2500 
0 3750 
0.5000 

0.1056 0.0842 
0.1137 0.0992 
0.1167 0.1046 
0.1197 0.1103 

0.1219 0.1154 
0.1215 0.1149 

0.4309 
0.2781 
0.2188 
0.1550 
0.1065 
0.0997 

0.5654 
0.3251 

0.1684 

0.1054 

0.2456 

0.1129 

-0 - 3974 

-0.1250 

-0.0801 

-0.2308 
-0.1774 

-0.0845 

-0.1680 

-0.0682 
-0.0943 

-0.0434 
-0.0284 
-0.0253 

62-1 s 0.1053 0.0838 

0.1210 0.1132 

0.1145 0.0999 
0.1181 0.1073 

0.1203 0.1114 

0.4353 
0.2679 
0.1890 
0.1234 
0.1423 

-0.4005 
-0.2245 
-0.1520 
-0.0987 
-0.1155 

Break 
0.0625 
0,1250 
0,2500 
0.3750 

0 * 5725 
0.3122 
0.2080 
0.1312 
0 * 1537 

-0.1720 
-0.0877 
-0.0560 

-0.0382 
-0.0325 

I 

I 62-2 s TD 
R o o m  
Temp. 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.1052 0.0840 
0.1134 0.0987 

0.1188 0.1094 
0.1210 0.1145 

0.1166 0.104-6 

0.1215 0.1158 

0.4344 

0.2194 

0.1133 

0.2837 

0.1682 

0.0995 

0.5694 
0.3341 
0.2472 
0.1849 
0.1202 
O.lO37 

-0 - 3974 
-0,2365 

-0.1336 
-0.0877 
-0.0763 

-0,1779 

-0.1720 
-0.0976 
-0.0693 
-0.0513 
-0.0325 
-0.0274 

62-2 L Break 
0.0625 
0.1250 
0.2500 
0 * 3750 
0,5000 

0.1049 0.0826 
0.1144 0.1004 
0.1175 0.1064 
0.1198 0.1108 
0.1203 0.1119 
0.1209 0,1137 

0.11’155 
0.2649 
0.1999 
0.1505 
0.1385 
0.1202 

0.5905 
0.3083 
0.2232 

0.1382 

0.1640 
0.1487 

-0.4150 
-0,2195 
-0.1614 
-0.1211 
-0.1110 
-0.0943 

-0 1755 
-0.0888 
-0.0618 
-0.0429 
-0.0377 
-0.0439 

62-5 L RD 
Room 
Temp. 

Break 0.125 
0.0625 
0.1250 

0.0977 0.0871 
0.1089 0. io43 
0.1132 0.1097 

0.4554 
0.2731 
0.2052 

0.6070 
0.3197 
0.2293 

-0.3611 
-0.1815 
-0.1307 

-0.2459 
-0.1382 
-0.0986 

I 1 w u  



. 

SCEEDULF, 62 (continued) 

Distance 

h - g - f Tensile Axis from C e 
Specimeg and Test Break Do 2 a  d. 2 b Reduction - 
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area €1 €2 €3 

0.2500 0.1156 0.1126 0.1669 0.1829 -0.1044 -0.0785 
0 * 3750 0.1175 0.1149 0.1360 0.1462 -0.0844 -0.0618 
0.5000 0.1189 0.1168 0.1112 0.1184 -0.0682 -0.0502 

62-6 s RD Break 0.125 0.0980 0.0891 0.4412 0.5815 -0.3382 -0.2433 

Temp. 0.1250 0.1153 0.1107 0.1831 0.2023 -0.1211 -0.0812 
0.2500 0.1186 0.1157 0.1-218 0.1302 -0.0779 -0.0523 
0.3750 0.1198 0.1170 0.1029 0.1090 -0.0661 -0.0429 
0.5000 0.1200 0.1172 0.0999 0.1053 -0.0645 -0.0408 

Room 0.0625 0.1110 0. io45 0.2576 0.2980 -0.1792 -0.1188 

62-6 L RD Break 0.125 0.0994 0.0889 0.4344 0.5708 -0.3412 -0.2296 

Temp. 0.1250 0.1140 0.1088 0.2062 0.2313 -0.1392 -0.0921 
Room 0.0625 0.1108 0. io42 0.2611 0.3020 -0.1815 -0.1205 

0.2500 0.1171 0.1130 0.1531. 0.1660 -0. ioio -0.0650 
0 * 3750 0.1191 0.1159 0.1166 0.1244 -0.0763 -0.0481 
0.5000 0.1192 0.1160 0.1151 0.1218 -0.0747 -0.0471 

62-7 L RD Break 0.125 0.0921 0.0829 0.5114 0.7161. -0.4107 -0.3054 
3020~ 0.0625 0.1044 0.0976 0.3479 0.4275 -0.2474 -0.1801 

0.1250 0.1090 0.1035 0.2780 0.3257 -0.1887 -0.1370 
0.2500 0.1130 0.1087 0.2139 0.2406 -0.1397 -0.lOO9 
0 * 3750 0.1152 0.1108 0.1831 0.2022 -0.1206 -0.0816 
0.5000 0.1171 0.1137 0.1479 0.1600 -0.0948 -0.0653 

62-7 s Break 0.0934 0.0851 0.4913 0.6759 -0.3845 -0,2914 
0.0625 0.1059 0.0990 0.3290 0.3990 -0.2332 -0.1658 
0.1250 0.1103 0.1052 0.2574 0.2976 -0.1724 -0.1251 
0.2500 0.1152 0.1105 0.1853 0.2049 -0.1233 -0.0816 
0.3750 0.1174 0.1143 0.1412 0.1522 -0.0895 -0.0627 

I 

r\) 
0 
UI 
I 



SCREDULF: 62 (continued) 

Distance 

h - g - f Tensile Axis from C e Specimeg and Test Break Do 2 a  2 b  Reduction - 
Number Temperature ( i n . )  ( i n . )  ( i n . )  ( i n . )  i n  Area €1 €2 €3 

62-8 L RD Break 
302°F 0.0625 

0.1250 
0.2500 

0.5000 
0.3750 

62-8 s Break 
0.0625 
0.1250 
0.2500 
0 * 3750 

0.125 0.0921 0.0811 
0.1056 0.0978 
0.1105 0.1051 

0.1188 0.1158 

0.1147 0.1101 
0.1170 0.1136 

0.0946 0.0839 
0.1066 0.0987 
0.1107 0.1042 

0.1150 0.1099 
0.1136 0.1073 

0.5220 
0.3390 
0.2567 
0.1918 

0.1196 
0.1494 

0.4920 
0.3266 
0.2618 

0.1911 
0.2199 

0.7381 
0.4140 
0.2967 
0.2129 
0.1618 

0 - 6773 
0 * 3955 
0 * 3035 
0.2483 
0.2121 

0.1273 

-0.4326 

-0.1269 
-0.0956 
-0.0764 

-0.2454 
-0.1734 

-0.3987 

-0.1820 

-0.1287 

-0.2362 

-0.1527 

-0.3054 
-0.1687 

-0.0860 
-0.0661 

-0.1233 

-0.0509 

-0.2787 
-0.1592 
-0.1215 
-0.0956 
-0.0834 

1 

N 
P 
0 

I 

1 

e 1 



. b I 

Distance 

h - g - f Tensile Axis from C e Reduction - 
3 E 1 €2 E 

Specimen and Test Break Do 2 a  2 b  a Number Temperature (in.) (in.) (in.) (in.) in Area 

Break O.E5  0.0980 0.0883 
0.0625 0.1092 0.1020 
0.1250 0.1127 0.1062 

0.3750 0.1169 0.1121 
0.5000 0.1191 0.1144 

0.2500 0.1154 0.1098 

0.4462 
0,2871 
0.2340 
0.1891 
0.1613 
0.1280 

-0 * 3475 

-0.1625 
-0.1296 

-0.2034 

-0.1088 
-0.0888 

-0.2440 
-0.1347 
-0.1035 
-0.0806 
-0.0672 
-0.0481 

J -7  L TD 
Room 
Temp. 

0.5915 
0.3381 
0.2660 
0.2102 
0.1760 
0.1369 

Break 0.125 0.0968 0.0885 
0.0625 0.1092 0.1031 
0.1250 0.1127 0.1076 
0.2500 0.1150 0.1098 

0.5000 0.1191 0.1151 
0.3750 0.1177 0.1136 

0.4491 
0.2760 
0.2202 
0.1880 
0.1402 
0.1184 

0.5969 

0.2091 
0.1508 
0.1256 

0.3230 
0.2489 

-0.3434 
-0.1900 

-0.0526 
-0.0801 

-0.1474 
-0.1279 

J-8 L TD 
Room 
Temp. 

-0.2535 

-0.1015 
-0.0812 
-0.0582 

-0.1330 

-0.0455 

5-27 L 67.5" 
Room 
Temp. 

Break 0.124 0.1020 0.0888 
0.0625 0.1126 0.1052 
0.1250 0.1172 0.1108 

0.5000 0.1230 0.1206 

0.2500 0.1192 0.1145 
0.3750 0.1212 0.1180 

0.5308 
0.2625 
0.1706 
0.1208 
0.0740 
0.0375 

-0.1961 
-0.0972 
-0.0572 
-0.0403 
-0.0236 
-0.0089 

0.41l.9 
0.2308 
0.1568 
0.1138 

0.0368 
0.0714 

-0 * 3347 
-0.1652 

-0.0805 

-0.0286 

-0.1134 

-0.0504 

5-27 S 67.5" 
Room 
Temp. 

Break 0.124 0.1002 c.0861 

0.1250 0.1173 0.1110 
0.2500 0.1220 0.1188 
0.3750 0.1234 0.1211 

0.0625 0.1122 0.1036 
0.4398 
0.2452 

0.0589 
0.0297 

0.1546 

-0.3656 
-0.1806 
-0.1116 
-0.0436 
-0.0245 

0.5795 
0.2814 
0.1675 
0.0607 
0.0301 

-0.2139 
-0.1008 
-0.0564 
-0.0171 
-0.0057 

J-28 s 67.5" 
Room 
Temp. 

Break 0.124 0.0587 0.0848 

0.1250 0.1146 0.1082 
0.0625 0.1103 0.1011 

0.4539 

0.1910 
0.2724 

0.6050 
0.3180 
0.2119 

-0.3784 

-0.1347 
-0,2026 

-0.2266 
-0.1155 
-0.0772 



SCHEDULE 5 (continued) 

Distance 

h - g - f 
Tensile Axis from C e 2 a  2 b  Reduction - 

'1 €2 E3 
Break Do b 

Specimen and Test a Number Temperature (in. ) (in. (in. ) (in. ) in Area 

0.2500 0.1189 0.1145 
0.3750 0.1210 0.1181 

0.1185 
0.0700 

-0.0404 
-0.0229 

0.1117 
0.0676 

-0.0781 
-0.0471 

J-28 L 67.5" 
Room 
Temp. 

Break 0.124 0.0989 0.0846 

0.1250 0.1147 0.1076 

0.3750 0.1186 0.1149 
0.5000 0.1204 0.1168 

0.0625 0.1107 0.1017 

0.2500 0.1171 0.1120 

0.4541 
0.2654 
0.1947 
0.1443 

0.0824 
0.1109 

0.6053 
0.3085 
0.2166 
0.1558 

-0.2246 
-0.1118 
-0.0764 
-0.0556 
-0.0429 
-0.0278 

-0.3807 
-0.1966 
-0.1402 
-0.1002 
-0.0746 
-0.0582 

0.1175 
0.0860 

I 
5-30 s 45" 

Room 
Temp. 

Break 0.124 0.0954 0.0893 
0.0625 0.1111 0.1058 
0.1250 0.1169 0.1138 
0.2500 0.1202 0.1180 
0.3750 0.1220 0.1198 
0.5000 0.1230 0.1211 

0.4477 
0.2380 
0.1376 
0.0805 
0.0525 
0.0344 

-0.2638 
-0.1115 
-0.0606 
-0.0327 
-0.0179 
-0.0097 

0 - 5937 
0.2718 
0.1480 
0.0839 
0.0539 
0.0350 

-0 - 3299 
-0.1603 
-0.0874 
-0.0512 
-0.0361 
-0.0253 

I 

J-30 L Break 0.124 0.1009 0.0946 
0.0625 0.1128 0.1087 

0.2500 0.1199 0.1179 

0.5000 0.1228 0.1212 

0.1250 0.1167 0.1136 

0.3750 0.1214 0.1192 

0.3812 
0.2051 
0.1406 
0.0836 
0.0619 
0.0352 

0.4800 

0.1515 
0.2296 

0.0873 
0.0639 
0.0358 

-0.2078 
-0.0963 
-0.0623 

-0.0113 

-0.0352 
-0.0228 

-0.2722 
-0.1333 
-0.0892 
-0.0521 
-0.0411 
-9.0244 

5-32 s 45" 
Room 
Temp. 

Break 0.124 0.0978 0.0924 

0.1250 0.1146 0.1112 

0.3750 0.1196 0.1180 

0.0625 0.1105 0.1062 

0.2500 0.1186 0.1160 

0.5000 0.1219 0.1207 

0.4142 
0.2392 

0.1081 
0 * 1739 

0.0851 
0.0463 

0.5347 
0.2734 
0.1910 
0.1144 
0.0890 
0.0473 

-0.2958 
-0.1566 
-0.1106 
-0.0683 
-0.0512 
-0.0286 

-0.2390 

-0.0804 
-0.0461 
-0.0377 
-0.0187 

-0.1169 

. 1 b 



. 

SCHEDULE J (continued) 

Distance 

h - g - f C e Tensile Axis from 
Reduction - 

3 E 1 €2 E 
Specimen and Test Break Do 2 a  2 b 

a 
Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

Break 0.124 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0968 0.0927 

0.1147 0.1112 

0.1200 0.1182 

0.1101 0.1063 

0.1176 0.1150 

0.1217 0.1200 

0.4183 
0.2413 
0.1732 
0.1233 
0.0805 
0.0533 

0.5418 
0.2761 
0.1901 
0.1316 
0.0839 
0.0547 

-0.2925 
-0.1556 
-0.1106 
-0.0770 
-0.0495 
-0.0344 

-0.2492 
-0.1205 
-0.0796 
-0,0546 

-0.0203 
-0.0344 

5-32 L 

0.1061 0.0935 

0.1181 0.1133 
0.1202 0.1177 

0.1224 0.1202 

0.1142 0.1067 

0.1217 0.1193 

0.3661 

0.0960 

0.0599 

0.2214 
0.1450 

0.0723 

-0.1647 
-0.0912 
-0.0576 

-0.0276 
-0.0218 

-0.0400 

J-35 S 22.5" 
Room 
Temp. 

Break 0.125 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.4559 
0.2502 
0.1567 
0.1009 

0.0618 
0.0750 

-0.2912 
-0.1591 
-0.0991 
-0,0610 
-0.0475 
-0.0400 

I 

r\) 
P 
W 

I 

0.1072 0.0936 

0.1172 0.1134 
0.1194 0.1164 
0.~18 0.1189 
0.1232 0.1210 

0.1149 0.1080 
0.3589 
0.2071 
0.1508 
0.1119 
0.0746 
0.0475 

0.4445 
0.2320 
0.1634 
0.1187 
0.0776 
0.0486 

-0.1544 
-0.0850 
-0.0652 
-0.0466 
-0.0267 
-0.0153 

J-35 L Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

-0.2901 

-0.0982 
-0.0721 
-0.0508 
-0.0333 

-0.1470 

Break 0.125 
0.0625 
0. 1250 

0.0908 0.1089 

0.1063 0.1158 
0.1014 0.1141 

0.3672 
0.2595 
0.2122 

0.4585 
0.3000 
3.2388 

-0.1381 
-0.0910 
-0.0768 

-0.3204 
-0.2090 
-0.1620 

J-1 S RD 
Room 
Temp. 

0.3524 
0.2505 
0.2199 
0.1848 
0.1440 
0.1214 

0.4356 
0.2870 

0.2046 

0.1292 

0.2481 

0.1551 

-0.1336 
-0.0855 
-0,0725 
-0.0618 
-0.0481 
-0.0398 

J-1 L 0.0925 0.1094 
0.1021 0.1147 
0.1049 0.1162 
0.1084 0.1175 

0.1143 0.1201 
0.1123 0.1191 

-0.3020 
-0.2015 
-0,1756 

-0.1070 
-0.1428 

-0.0894 

Break 
0.0625 
0.1250 
0.2500 
0.3750 
G .5000 



SCHEDULF J (continued) 

Distance 

h - g - f 
C e Tensile Axis from 

Reduction - 
1 E2 €3 E 

Specime2 and Test Break Do 2 a  a 2 b  
Number Temperatureb ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

0.0985 0.1126 
0.1064 0.1164 

0.1161 0.1215 
0.1108 0.1185 

0.1163 0.1218 

0.2924 
0.2099 
0.1624 
0.1001 
0.0963 

0.3450 
0.2340 
0.1771 
0.1046 
0.1010 

-0.1054 
-0.0726 
-0.0550 
-0.0299 
-0.0274 

-0.2396 
-0.1614 
-0.1221 
-0.0747 
-0.0736 

J-2 S RD Break 0.125 
Room 0,0625 
Temp. 0.1250 

0.2500 
0.3750 

J-2 L Break 
0.0625 
0.1250 
0.2500 
0.3750 
0.5000 

0.0948 0.1105 

0.1092 0.1182 

0.1183 0.1218 

0.1047 0.1160 

0.1149 0.~206 
0.1171 0.1216 

0.4101 
0.2548 
0.1935 
0.1228 
0 0955 
0.0845 

-0.2850 
-0.1785 
-0.1364 
-0.0856 
-0.0666 
-0.0571 

0.3317 
0.2252 
0.1766 
0.1160 
0.0916 
0.0808 

-0.1251 
-0.0763 
-0.0571 
-0.0372 
-0.0289 
-0.0274 

J-9 L TD Break 0.124 
302°F 0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

0.0892 0.0849 
0. io14 0.0976 
0.1038 0.1002 
0.1064 0.1021 
0.1105 0.1076 
0.1143 0.1101 

0.5083 

0.3247 

0.2280 

0.3574 

0.2946 

0.1829 

0.7098 
0.4422 
0 3925 
0.3490 
0.2587 
0.2020 

-0- 3796 
-0.2402 
-0.2139 
-0.1951 
-0.1427 
-0.1197 

-0.3302 
-0.2020 
-0.1786 
-0 * 1539 
-0.1161 
-0.0823 

J-9 S 0.0887 0.0839 
0.1026 0.0988 
0.1067 0.1025 
0.1119 0.1076 
0.1140 0.1097 
0.1171 0,1141 

Break 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0.5168 

0.2899 
0.3418 

0.2182 
0.1880 
0.1324 

0.7273 
0.4182 
0.3423 
0.2462 

0.1421 
0.2082 

-0 3915 
-0.2280 
-0.1912 
-0.1427 
-0.1233 
-0.0840 

-0 - 3358 
-0.1902 
-0.1511 

-0.0581 

-0.1035 
-0.0849 

0.0918 0.1095 
0.1021 0.1157 
0.1072 0.1167 

0.4459 
0.2845 
0.2271 

J-3 L RD Break 0.125 
302°F 0.0625 

0.1250 

0.3597 
0,2476 
0.2032 

-0.1348 
-0 * 0797 
-0.0711 

-0.3111 

-0.1560 
-0.2048 

4 a 



SCHEDULE J (continued) 

Distance 
h - g - f c e Tensile Axis from 

Reduction - 
€ 1 €2 e3 

Specimen and Test Break Do 2 a  2 b  
a Number Temperature ( i n .  ) ( i n .  ) ( i n .  ) ( i n .  ) i n  Area 

0.1097 0.1178 

0.1148 0.1207 
0.1111 0.1188 

0.1769 
0.1593 
0.1174 

-0.0617 
-0.0533 
-0.0374 

0.2500 
0 3750 
0.5000 

0.1947 

0.1249 
0.1736 

-0.1330 
-0.1203 
-0.0875 

0.0844 0.1081 
0.0982 0.1155 
0.1045 0.1182 
0.1084 0.1181 
0.1128 0.1188 

0.4189 
0,2776 

0.5428 
0.3251 
0.2399 
0.2041 
0.1584 

-0.1476 

-0.0583 
-0.0592 
-0.0533 

-0.0814 
-0.3951 
-0.2437 
-0.1815 
-0.1449 
-0.1051 

J - 3  S 

5-4 L 

Break 
0.0625 
0.1250 
0.2500 
0.3750 

0.2133 
0.1846 
0.1465 

I 

RD Break 0.124 
3 0 2 ” ~  0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

0.0908 0.1103 
0.1005 0.1148 

0.1161 0.1209 
0.1190 0.1229 

0.1045 0.1162 
0.1114 0.1186 

0.3444 

0,2052 

0.0812 

0.2448 

0.1352 

0.0427 

0.4222 
0.2808 

0.1452 
0.0847 

0.2296 

0. ob36 

-0.1138 
-0 * 0739 
-0.0617 
-0.0413 
-0.0221 
-0.0057 

-0.3084 
-0.2069 
-0.1679 

-0.0626 
-0.1039 

-0.0379 

I 

0.3418 
0.2392 

0.1724 
0.2027 

0.1009 

0.4182 
0.2734 
0.2266 
0.1892 
0.1064 

-0.3062 
-0.1960 
-0.1631 

-0.0835 
-0 - 1377 

J -4  S 0.0910 0.1105 

0.1050 0.1160 
0.1016 0.1144 

0.1077 0.1174 
0.1137 0.1208 

-0.1l.20 
-0.0774 
-0.0635 

-0.0229 
-0.0515 

Break 
0.0625 
0.1250 
0.2500 
0 * 3750 

J-12 L TD Break 0.124 
572°F 0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

0.0816 0.0637 

0.1087 0.1023 
0.1133 0.1071 
0.1166 0.1118 

0.1020 0.0947 

0.1182 0.1133 

0.6636 

0.2803 
0,2146 
0.1563 

0.3748 

0.1332 

1.0894 
0.4697 
0.3289 
0.2416 
0.1699 
0.1430 

-0.6685 
-0.2720 

-0.1060 

-0.1948 
-0.1489 

-0.0927 

-0.4209 
-0 - 1977 
-0.1341 
-0.0927 
-0.0640 
-0.0503 



SCHEDULE J (continued) 

Distance 

h - g - f Tensile Axis from c e Reduction - 
3 E 

Specimen and Test Break Do 2 a  2 b  
€1 €2 

a Number Temperature (in. ) (in. ) (in. ) (in. ) in Area 

0.0817 0.0663 
0.1030 0.0954 
0.1110 0.1052 
0.1150 0.1101 
0.1161 0.1114 

0.6494 

0.2442 
0.3640 

0.1805 
0.1629 

1.0482 
0.4526 

0.1991 
0.2800 

0.1778 

-0.6285 
-0.2646 
-0.1668 
-0.1213 
-0.1096 

-0.4196 
-0.1880 
-0.1132 

-0.0682 
-0.0778 

J-12 S Break 
0.0625 
0.1250 
c .2500 
0.3750 

J-5 L RD Break 0.124 
572°F c .0625 

0.1250 
0.2500 
0.3750 
0.5000 

0.0720 0.0946 
0.0956 0.1092 

0.1131 0.1199 
0.1166 0.1222 

0.1040 0.1138 
0.1089 0.1179 

0.5606 
0.3265 
0.2364 

0.1251 
0.0808 

0.1717 

0.8223 
0.3953 
0.2698 
0.1883 
0 * 1337 
0.0842 

-0.2746 
-0.1311 
-0.0899 

-0.0376 
-0.0186 

-0.0545 

-0.5476 

-0 - 1799 -0.2641 

-0.0960 
-0.0656 

-0 1339 I 

[u 

G 
I 

J-5 S 0.0688 0.0923 
0.0935 0.1089 
0.1032 0.1148 
0.1112 0.1189 
0.1151 0.1206 
0.1188 0.1231 

0.8924 
0.4202 

0.1590 
0.2688 

0.1103 
0.0582 

Break 
0.0625 
0.1250 
0.2500 
0 * 3750 
0.5000 

0 * 5903 
0.3431 
0 * 2357 
0.1470 
0.1045 
0.0565 

-0.2993 
-0 - 1-339 
-0.0811 
-0.0460 
-0.0318 
-0.0113 

-0.5931- 
-0.2863 
-0.1876 
-0.1130 

-0.0469 
-0.0785 

J-6 L Fa Break 0.124 
572°F 0.0625 

0.1250 
0.2500 
0.3750 
0.5000 

0.0714 0.0968 
0.0916 0.1085 
0.1009 0.1137 
0.1100 c .1182 
0.1137 0.1192 
0,1175 0.1225 

0.5541 
0.3588 
0 -2599 
0.1612 
0.1256 
0.0714 

0.8077 
0.4444 
0.3009 

0.1342 
0.0741 

0.1758 

-0,5560 
-0.3069 
-0.2102 
-0.1238 
-0.0907 
-0.0579 

-0.2517 
-0.1376 
-0.0907 
-0.0519 
-0.0435 
-0.0162 

J-6 S 0.0702 0.0967 
0.0916 0.1030 
0.1004 0.1155 
0.1081 0.1187 
0.1110 0.1202 

0.5620 
0.3913 
0.2519 
0.1722 
0.1392 

0.8256 
0,4964 
0.2902 
0.1890 
0.1499 

Break 
0.0625 
0.1250 
0.2500 
0 * 3750 

-0.2527 
-0.1896 
-0.0750 
-0.0477 
-0.0352 

-0.5730 
-0.3069 
-0.2151 
-0.1412 
-0.1148 

b 
.1 
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