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St re s s  re laxa t ion  tes t s  have been made in the t e m p e r a t u r e  range 200 ~ to 400~ on two m a t e r i a l s ,  
the Mg-A1 eutect ic  al loy and c o m m e r c i a l  pur i ty  z i r c o n i u m .  The m a t e r i a l s  r e p r e s e n t  r e s p e c -  
t ive ly  high and low homologous t e m p e r a t u r e  r e g i m e s .  The novel  f e a t u r e s  of the t e s t s  are  the use 
of high speed,  high sens i t iv i ty  digi tal  m e a s u r e m e n t  techniques  and the d i r ec t  reduc t ion  of the 
data  to s t r e s s - s t r a i n  rate cu rves .  It  was poss ib le  in this  way to obta in  phenomenologica l  in for -  
mat ion  on the m a t e r i a l  behavior  over  a ve ry  large  range  of s t r a in  ra te  with ve ry  few s p e c i m e n s .  
Compar i son  was made with r e s u l t s  obtained by more  convent ional  d i f fe ren t ia l  s t r a i n  ra te  t e s t s .  
The tes t  lends  i tself  wel l  to e s t ab l i sh ing  the phenomenology of m e c h a n i c a l  behavior  of m e t a l s .  

T H E  load re laxa t ion  tes t  for  me ta l s  in i ts  mos t  usual  
form cons i s t s  in loading a tes t  spec imen  in tens ion  or 
or  compre s s ion  in a tensile t e s t ing  machine  to some 
p r ede t e rmined  load level ,  then stopping the c rosshead  
mot ion,  and subsequent ly  r eco rd ing  the load as a func-  
t ion of t ime at fixed c ros shead  posi t ion.  The r e s u l t a n t  
load- t ime  r e c o r d  is  dependent  both on the p las t ic  
p rope r t i e s  of the spec imen  and on the e l a s t i c  p r ope r -  
t i es  of the t es t ing  machine  and spec imen .  Although it  i s  
a s t ra igh t fo rward  procedure  to ex t rac t  the m a t e r i a l  
dependent  p rope r t i e s  f rom the load- t ime  r eco rd ,  this  
is  r a r e l y  done in c u r r e n t  uses  of the tes t .  Ins tead ,  a 
predic ted  load- t ime  behavior  is  der ived  f rom some 
theory for the m a t e r i a l  behavior ,  and that  behavior  is 
then compared  with the m e a s u r e d  load t ime r eco rd .  
This  p rocedure  genera l ly  o b s c u r e s  the fact  that the 
proper ty  that is m e a s u r e d  in the tes t  is in fac t  a m a -  
t e r i a l  p rope r ty  that i s  independent  of any specia l  
theory chosen to expla in  it. We shal l  demons t r a t e  in 
this  paper  how the e x p e r i m e n t a l  data of the load r e -  
laxation tes t  can be analyzed p rac t i ca l l y  to yield ex-  
pl ic i t  s t r e s s - s t r a i n  rate  data.  

As it is generally done, the relaxation test yields 
results that cover barely two decades of strain rate in 
any one run. This can be seen in the exceptional 
published cases 1'2 where load relaxation data were con- 
verted into stress-strain rate results. The main 
reason for this limitation is inadequate instrumenta- 
tion. 

If it is des i r ed  to explore a range of s t r a i n  ra te  for 
which the ra t io  of m a x i m u m  s t r a in  rate to m i n i m u m  
s t r a in  ra te  is  as much as  l0  s, i t  is  evident  that a load-  
t ime reco rd  mus t  be produced for which the slope can 
be m e a s u r e d  with reasonab le  p rec i s ion  over  the same 
broad range of s t r a in  r a t e s .  The n e c e s s a r y  t ime 
reso lu t ion  and p rec i s ion  for the load s ignal  are  diffi-  
cult  to obtain with the convent ional  analog r e c o r d e r s .  
The r e q u i r e m e n t s  a re  r ead i ly  me t ,  however ,  by the use 
of h igh , speed  digital  data record ing .  Col lect ion of data 
in digi tal  f o r m  has  the added advantage that  the data  
are a l ready  in  form sui table  for n u m e r i c a l  c a l cu l a t i on .  

The method advocated here  wil l  be i l l u s t r a t ed  by the 
r e s u l t s  of tes ts  on two m a t e r i a l s i  Mg-A1 eutec t ic  al loy 
and c o m m e r c i a l  pur i ty  z i r c o n i u m .  The f i r s t  of these 
exhibi ts  high homologous t e m p e r a t u r e  b e h a v i o r  at  only 
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modera t e ly  high tes t  t e m p e r a t u r e s ,  while the second 
shows c h a r a c t e r i s t i c  low homologous t e m p e r a t u r e  be-  
hav io r .  

I. GENERAL MECHANICAL RELATIONSHIPS 

The fundamental relationships concerning the loading 
of a plastic specimen in a tensile testing machine have 
been  desc r ibed  r e c e n t l y  by s e v e r a l  au thors ,  s-6 We fol-  
low here  the t r e a t m e n t  given by Har t .  ~ The model  we 
follow is  shown in Fig.  1. The spec imen  A is  r e p r e -  
sented as a pu re ly  p las t ic  e l emen t ,  loaded by the 
spr ing  B that is in tu rn  extended by the movable  c r o s s -  
head at C. The sp r ing  r e p r e s e n t s  the combined e l a s -  
t i c i ty  of the s p e c i m e n ,  the load m e a s u r i n g  cel l ,  and the 
connect ing  l inkages .  The ins tan taneous  "p l a s t i c  l eng th"  
of the spec imen ,  i . e . ,  the length of the r e a l  gage sec -  
t ion l e s s  i ts  e l a s t i c  ex tens ion ,  is denoted by L.  The 
load exer ted  on spec imen  and spr ing  is  P .  We denote 
by L ~ the d i s tance  of the c ros shead  f rom a fixed f iducia l  
point  0, chosen in such a w a y  that ,  w h e n P  = O, L1  = L .  
With this  choice of v a r i a b l e s  our  fundamenta l  equat ion 
is  

P = K ( L , -  L) [1] 

where K is  the e l a s t i c  cons tan t  of the spr ing .  Any d is -  
p l acemen t  of the c rosshead  by an amount  X r e s u l t s  in 
p r e c i s e l y  that much change ha the value of L1. 

I t i s  convenient  to adopt the following convent ion for 
any s e r i e s  of e x p e r i m e n t s  on a s ingle  spec imen .  When 
the spec imen  is  f i r s t  mounted,  and the c rosshead  has 
been moved to the point at which the s lack is taken up 
but the load is  subs tan t i a l ly  z e r o ,  L, wil l  be ass igned  to 
have the value Lo, the in i t i a l  s p e c i m e n  gage length.  
Since i t  is  easy  to keep t r ack  of the cumula t ive  c r o s s -  
head d i s p l a c e m e n t  f rom this  point  on,  we shal l  ca l l  

4 
L, -I 

t 
0 

Fig. 1--Schematic diagram identifying various elements in 
the loading system. 
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t h a t  a c c u m u l a t e d  d i sp )acemen t  X ,  and so at any t ime 
dur ing  an e x p e r i m e n t  

/,1 = Lo + X [2] 

Then at  any t ime ,  if the va lues  of Xand  P are  known, 
L i s  given s i m p l y  by the r e l a t i onsh ip  

L = Lo + X - P / K  [3] 

If we now di f ferent ia te  Eq.  1 with r e s p e c t  to t ime  t, 
and designate  the t ime de r iva t i ve s  by dots over  the r e -  
spect ive  s y m b o l s ,  we obta in  

~, = K ( L ~ -  L )  [4] 

Since the data  that are col lected a re  a r e c o r d  of P as a 
funct ion of t and s ince ~ is  known f rom the cont ro l  se t -  
t ings  of the t e s t ing  machine  (or opt ional ly  f rom auxi l -  
i a ry  m e a s u r e m e n t s ) ,  ]-a and/5  are known at  each point 
of an expe r imen t .  (The p r a c t i c a l  p r o b l e m s  of obta ining 
/~ f rom P(t) wil l  be d i s cus sed  below.) Then L can be 
de t e rmined  at any ins t an t  as 

t = t l -  P /K [51 

It  i s  now c l ea r  that any suff ic ient ly  p rec i se  e xpe r i -  
men ta l  r e c o r d  of P and L~ as  a function of t can yield a 
r e c o r d  of m a t e r i a l  behav ior  for  the tes t  of the fo rm:  
~, ~, e as  a funct ion of t, where a is the t rue  s t r e s s ,  

is  the na tu r a l  s t r a in  ra te ,  and E the accumula ted  
n a t u r a l  p las t ic  s t r a i n .  We now der ive  the appropr ia te  
f o r m u l a s .  

If Ao and A a re ,  r e spec t i ve ly ,  the in i t i a l  and c u r r e n t  
spec imen  c r o s s  sec t ions ,  

A o/A = L / L o  [ 6] 

then 

0 = P/A 

= pL/AoLo [ 7 ] 

= L / L  [8] 

and 

: ln(L/Lo) [91 

Of cour se ,  L and L a re  obtained f rom P,/-,1, and X by 
use of Eqs. [31 and [5]. 

Note, by the way,  that  our fo rmula t ion  to this  point  i s  
appl icable  to any tens i le  t e s t ing  rou t ine .  Specia l iza t ion 
to the case of the load re laxa t ion  tes t  is  accompl i shed  
s imply  by se t t ing  ]~1 equal  to ze ro  and ass ign ing  to X 
the value it has at the beginning  of the r e l axa t ion  run.  

There  is  one fu r the r  point  that should be cons ide red  
he re  conce rn ing  the value of K. This  is  that the value 
of K can change dur ing  a s e r i e s  of r e l axa t ion  r u n s  on a 
s ingle  spec imen  if the s p e c i m e n  s u s t a i n s  cons ide rab le  
p las t ic  deformat ion  between any two runs  of the s e r i e s .  

This  is  seen  mos t  ea s i l y  in the following way. The 
sp r ing  B of Fig .  1 may be cons ide red  to have two com-  
ponents  in s e r i e s .  One, the machine  component ,  con-  
s i s t s  of the load cell ~md connecting linkages, and the 
other is the elastic contribution of the specimen. If 
C m is the elastic compliance of the machine component, 
the total compliance of B is 

K -1  =C m + L / A E  [10] 

= C m + (L/Lo) (Ao /A)  (I-~/AoE) [11] 

= C m + (LILo) 2 (LolAoE) [12] 

where E is  the Young ' s  Modulus of the spec imen .  Thus 
the compliance K -  1 wil l  i nc r ea se  with accumula ted  
p las t i c  s t r a in  of the spec imen .  In  any pa r t i cu l a r  ex-  
p e r i m e n t a l  s i tua t ion  it  is  suf f ic ien t  to m e a s u r e  K at a 
suff ic ient  number  of lengths L to es tab l i sh  the value of 
Cm.  I t  i s  s imple  then to compute K for other va lues  of 
p las t ic  s t r a in  f rom Eq.  [ 12]. 

II. EXPERIMENTAL 

1) I n s t r u m e n t a t i o n  

The data p r e sen t ed  in the p r e s e n t  paper  was col lec-  
ted in an Ins t ron  t es t ing  f r a m e .  The load cel l  s ignal  at 
the output of the br idge  and ampl i f i e r  was m e a s u r e d  by 
a H e w l e t t - P a c ka r d  in tegra t ing  digi ta l  vo l tme te r  that 
was capable of for ty  r ead ings  per  second.  A max imum 
sample  ra te  of ten pe r  second was  used,  and the data 
were  recorded  by a high speed p r i n t e r  manufac tu red  by 
the same company.  The ove ra l l  m e a s u r i n g  sys tem was 
capable of a p r e c i s i o n  of one - t en th  percent .  

2) M a t e r i a l s  

The Mg-A1 eutec t ic  al loy with 67.7 pct Mg by weight 
was p repared  f rom 99.99 Mg and 99.999 A1. The cas t  
was extruded at 300~ and heat  t rea ted  at 400~ for 20 
mi n  in a he l ium a tmosphere .  Th i s  produced an equi -  
axed two-phase s t r uc t u r e  with a mean  in te rcep t  length 

of 2 tim. 
An ingot  of c o m m e r c i a l  grade z i r con ium with major  

i m p u r i t i e s  of 1800 ppm by weight of Fe ,  930 ppm O and 
t r a c e s  of other  e l e m e n t s ,  was ro l l ed  at 430~ This  
was annealed at 550~ for  4 h r ,  r e su l t i ng  in the mean  
in te rcep t  gra in  size of 13 ~m. 

The gage sec t ions  of the tes t  spec imens  were  0.1 in.  
diam and 0.5 in.  long for  the Mg-AI,  and 0.160 in. diam 
and 1.0 in. long for z i r c o n i u m .  

3) Tes t ing  

An Ins t ron  oven provided the cont ro l  of tes t  t e m p e r a -  
t u r e s .  The m a x i m u m  deviat ion in  oven t e mpe ra tu r e  was 
l e s s  than +0.2~ throughout  each tes t .  

The d i f fe rent ia l  s t r a i n  ra te  tes t  was made in such a 
m a n n e r  that the c ros shead  speed was  changed in i n c r e -  
me n t s  where the ra t io  was not more  than 2.5. The flow 
s t r e s s  and the s t r a i n  rate  sens i t iv i ty  were d i rec t ly  cal-  
culated f rom the l oad -ex t ens ion  r e c o r d ,  following the 
ex t rapola t ion  method out l ined e l sewhere f l  

In the re laxa t ion  tes t ,  the accumula ted  c rosshead  
mot ion  was mon i to red  through the c rosshead  cont ro l  
d ia l s .  

III. RESULTS 

Typical  load- t ime  cu rves  for the two m a t e r i a l s  are  
shown in Fig .  2. The loading por t ion  of each curve 
y ie lds  a m e a s u r e  of the e l a s t i c  cons tan t  K ,  while the 
r e m a i n d e r  of the curve  is  the re laxa t ion  h i s to ry  at 
fixed c rosshead  posi t ion .  The r e s u l t a n t  m a t e r i a l  
p r o p e r t i e s  in the form of log q - log 4 cu rves  as  com-  
puted f rom the f o r m u l a s  of Section 2 are  shown in 
F igs .  3 and 4. 

The outs tanding fea ture  of a l l  the curves  is  the ve ry  
l a rge  range of s t r a i n  ra te  that is  covered  in each r e -  
laxat ion run .  
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Fig. 2--Load vs time relationships for both Mg-A1 and z i r -  
conium tested at 250~ For the purpose of illustration, only 
the loading portion and the early stage of stress relaxation 
test are shown. The actual test time was more than 12 hr. 
The elastic constant, K, was 7890 lb per in. for Mg-A1 and 
63,950 lb per in. for zirconium at the crosshead speed of 0.5 
in. per min. The arrows indicate where the erosshead motion 
was stopped. 

An impor t an t  p r a c t i c a l  f ea tu re  of a l l  the r e s u l t s  i s  
that many r e l axa t ion  runs  w e r e  poss ib le  with the same 
spec imen  even at d i f fe ren t  t e m p e r a t u r e s .  The total  
p l a s t i c  s t r a in  accompl i shed  in each  run was  s m a l l  and 
did not exceed  1�89 pct .  

The plots  in F ig .  3 a l so  show points  c o r r e s p o n d i n g  to 
independent  m e a s u r e m e n t s  at 250~ obtained by d i f f e r -  
en t ia l  s t r a in  ra te  t e s t s .  

The Mg-A1 eu tec t i c  which is  " s u p e r p l a s t i c "  was 
shown by Lee v to exhibi t  cons ide rab le  gra in  boundary 
s l iding.  In the work  r e p o r t e d  h e r e  r epea t ed  r e l axa t ion  
t e s t s  were  in sens i t ive  to e i t he r  the amount  of p la s t i c  
s t r a in  p r i o r  to each  r e l axa t ion  run o r  to in t e rven ing  r e -  
cove ry  i n t e r v a l s  of up to 24 h r  at t e s t  t e m p e r a t u r e  but 
unloaded. In o ther  words ,  the Mg-A1 eu tec t i c  exhibi ted 
negl ig ib le  s t r a in  ha rden ing  or  s ta t ic  r e c o v e r y .  

The z i r c o n i u m  s p e c i m e n s ,  on the o ther  hand,  did show 
some  s t ra in  harden ing  and so r e l axa t ion  t e s t s  at d i f f e r -  
ent  l eve l s  of s t r a in  hardening  y ie lded  d i f fe ren t  a -  
c u r v e s .  The c u r v e s  at d i f f e ren t  ha rden ing  l e v e l s  w e r e ,  
n e v e r t h e l e s s ,  p a r a l l e l  within the e x p e r i m e n t a l  e r r o r  
and at 250~ were  s t ra igh t  o v e r  the en t i r e  s t r a in  ra te  
range with a s lope,  m = d log ~/d log ~ of 0.02. The 
va lues  of m obtained at the same  t e m p e r a t u r e  by dif-  
f e r e n t i a l  s t r a in  ra te  t e s t s  v a r i e d  f rom 0.02 at low ~ to 
0.04 at high ~. A fu r t he r  anomalous  f ea tu re  of the 
z i r c o n i u m  is  that  m has  a m i n i m u m  value at a t e m p e r a -  
ture  i n t e rmed ia t e  to the h ighes t  and lowes t  t e m p e r a t u r e s  
inves t iga ted .  I t  is probable  that  both of these  phenomena  
a re  a r e s u l t  of s t r a i n  aging as d e s c r i b e d  by Lee  .a 

IV. DISCUSSION 

We should like to e m p h a s i z e  that  the purpose  of this 
study was not so much an inves t iga t ion  of the p a r t i c u l a r  
spec imen  m a t e r i a l s  that  were  employed ,  but r a t h e r  was  
to i l l u s t r a t e  a d i f fe ren t  approach to the t r e a t m e n t  of 

i0 5 ' I q [ r -  ~ I I I 

MAGNESIUM-AEUMINUM 250~ 

E d 2oo.c.~ . - ~ " ~  ~ _ / < . .  . 

I 

Idlo-? iO-S 10-5 l0 -4 i0 -3 i0 "2 iff I 

STRAIN RATE, MIN -I 
Fig. 3--Stress vs strain rate relationship for the Mg-A1 eutee- 
tie obtained from a ser ies  of s t ress  relaxation tests with a 
single test specimen. The result  of duplicate tests (solid and 
open squares respectively) with the same specimen is shown 
for 250~ test. For the purpose of comparison, the result  of 
differential strain rate test is also shown by the dashed line 
for 250~ test. 
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STRAIN RATE, MIN -I 
Fig. 4--Stress vs strain rate relationship for commercial 
purity zirconium obtained from a ser ies  of stress relaxa- 
tion tests with a single test specimen. 

load r e l axa t ion  data.  The ma in  point to be made in this  
connect ion  is  that  the load r e l axa t ion  t e s t  is a spec i a l l y  
s e l f - p r o g r a m m e d  sequence  of s t r e s s - s t r a i n  ra te  
m e a s u r e m e n t s  c a r r i e d  out with v e r y  l i t t le  s t r a in .  The 
p r o p e r  p r e sen t a t i on  of the r e s u l t s  is  t h e r e f o r e  the ~-~ 
r e l a t i onsh ip  that  i s  so m e a s u r e d .  We have  d e m o n s t r a t e d  
that ,  with p r o p e r  i n s t rum en ta t i on  and con t ro l ,  such 
data  can be gene ra t ed  fo r  a broad range of s t r a in  r a t e s  
with good p r e c i s i o n .  The " i n t e r p r e t a t i o n "  of such da ta  
is  a sepa ra te  p r o b l e m  and is  quite  independent  of the 
t e s t  i t se l f .  The m e a s u r e d  a -~  r e l a t i onsh ip  is  a wel l  d e -  
f ined p rope r ty  of the m a t e r i a l  whe ther  or  not the in-  
v e s t i g a t o r  has  s u c c e s s f u l l y  expla ined  that  m a t e r i a l  
p r o p e r t y  t h e o r e t i c a l l y .  

I t  is  n e c e s s a r y  a t  th is  point to make some c o m m e n t  
about the e f fec t  of poss ib le  ane l a s t i c  r e l axa t i ons  on the 
load re laxa t ion  tes t .  The ~ that i s  deduced in the ma th -  
e m a t i c a l  r educ t ion  of the data  is a total  s t r a in  ra te  and 
can include a cont r ibut ion  f r o m  ane l a s t i c i t y  as wel l  as  
the p la s t i c  de fo rma t ion  component .  Since these  two 
components  g e n e r a l l y  have d i f fe ren t  s t r e s s  dependence 
i t  is  p o s s i b l e ,  and g e n e r a l l y  d e s i r a b l e ,  to identify them 
s e p a r a t e l y .  This  should be e a s i l y  done by making  
s i m i l a r  t e s t s  at  s t r e s s e s  so low that the p la s t i c  s t r a in  
ra te  i s  neg l ig ib le .  Since ane l a s t i c  e f f ec t s  a re  sub-  
s tan t ia l ly  l i nea r  in s t r e s s ,  the ane la s t i c  behav ior  should 
be e a s i l y  m e a s u r e d  at those low s t r e s s  l eve l s .  Once de-  
t e r m i n e d ,  the high s t r e s s  data  can be c o r r e c t e d  fo r  the 
expec ted  ane la s t i c  cont r ibu t ion .  We have not done this  
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in the c u r r e n t  inves t iga t ion .  The impor t ance  of 
ane l a s t i c i t y  and the r e l a t i onsh ip  of the load r e l axa t ion  
t e s t  to the gene ra l  phenomenology of p la s t i c  d e f o r m a -  
tion has  been d i s c u s s e d  r e c e n t l y  by Har t f l  

The re  was  no diff icul ty in n u m e r i c a l l y  d i f fe ren t i a t ing  
the l o a d - t i m e  data over  m o s t  of the range  to an a c c u r a c y  
of about 5 pct ,  which is quite adequate  fo r  m o s t  pu r -  
poses .  Somewhat  p o o r e r  a c c u r a c y  could be obtained at 

the v e r y  low s t r a in  ra te  end of the data  because  of t e m -  
pe ra tu r e  f luc tuat ion .  In the p r e s e n t  case  the s i tuat ion 
was  somewha t  be t t e r  than usual  because  of the high 
sens i t iv i ty  and s tabi l i ty  of the digi ta l  load m e a s u r i n g  
sy s t em.  

The good t ime re so lu t ion  and rap id  r e sponse  of the 
digi ta l  m e a s u r i n g  technique p e r m i t t e d  co l lec t ion  of 
data  at r a t h e r  high in i t ia l  spec imen  s t r a in  r a t e s .  This 
made i t  poss ib le  to employ  a m a x i m u m  LI as high as 1 
in. pe r  min .  Of cou r se  the m a x i m u m  value of L that 
can be exp lo red  in any r e l axa t i on  run cannot exceed  ]~x 
in the loading.  

It  is  wor th  noting that the value of K i s  cont ro l lab le  
to some ex ten t .  I ts  value can be v a r i e d  by va ry ing  the 
length of the s p e c i m e n  and the connect ing l inkages .  A 
high value  of K is d e s i r a b l e  s ince the total  s t r a in  dur ing 
a r e l axa t ion  run is  then s m a l l .  Howeve r ,  a hi.gh value of 
K r e s u l t s  in a c o r r e s p o n d i n g l y  high value  of P for  a 
given L. Lower  K va lues  may then be des i r ab l e  when 
the d e s i r e d  in i t i a l  s t r a in  r a t e s  a re  so high that the ra te  
of change of P would exceed  the t ime r e so lu t i on  of the 
load r e c o r d i n g  s y s t e m .  

V. CONCLUSIONS 

We have a t tempted  to demons t r a t e  in this  study that  
the load r e l a x a t i o n  t es t  is  capable of b r o a d e r  use than 

that to which i t  is  c u r r e n t l y  put. Since each  re laxa t ion  
run em p loys  only a sma l l  i n c r e m e n t  of p la s t i c  s t ra in ,  
the t es t  is we l l  sui ted to the inves t iga t ion  of the s t r e s s -  
s t r a in  ra te  behav io r  of m a t e r i a l s  that lack subs tan t ia l  
duct i l i ty .  The e f fec t  of s t r a in  and t ime h i s t o r i e s  can 
be inves t iga ted  in deta i l  by the use of many re l axa t ion  
t e s t s  with the same  spec imen .  

With this in mind we have p r e s e n t e d  a m o r e  detai led 
fo rmula t ion  of the m e c h a n i c s  of the load r e l axa t ion  t e s t  
than is usual ,  with e m p h a s i s  on the deduct ion of the m a -  
t e r i a l  p r o p e r t i e s  that a re  m e a s u r e d  by the t es t .  

A high speed digi ta l  data r e c o r d i n g  s cheme  has  been 
desc r ibed  and i ts  e f f i cacy  has  been dem ons t r a t ed .  

The method has  been i l l u s t r a t ed  by t es t s  on Mg-A1 
eu tec t i c  and z i r c o n i u m  s p e c i m e n s .  The r e s u l t s  were  
shown to be in good a g r e e m e n t  with r e su l t s  obtained 
by d i f fe ren t i a l  s t r a in  ra te  m e a s u r e m e n t s .  
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