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Inve s t iga tion of the  Tens ile  De for ma bility  of Soils  
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S U M M A R Y

T he  a uthor s  sugges t the  inve s t iga t ion o f  the  te ns ile  d e fo r m a 
b ilit y  o f  s oils  w ith  h o llo w  cy linde r s  s ubje c te d to  p la ne  s ta le  o f 
s tress. T he  cor r e s ponding  s o lut ions  fo r  stresses a nd  s tr a ins  have  
be e n de duce d fr o m  the  fu n d a m e nta l a s s umptions  o f  the  the ory 
o f e las t ic ity , t a k ing  in to  c ons ide r a tion o r th og ona l a x ia lly  s y m 
m e tr ic  d e fo r m a t io n  anis o t ropy . T he s e  s o lut ions  e na b le  one  to 
o b t a in  the  d e fo r m a t io n  cons tants  in  ce r ta in lim it e d  lo a d  inte r 
va ls  a nd  in  a g ive n t im e  a fte r  the  lo a d  a p plic a t io n. T h e  tests 
m a de  so fa r  p r ove  t ha t  d e fo r m a t io n  anis o t ropy  has  to  be  take n 
in to  account .

An a lo g ou s  s o lutions  fo r  stresses a nd  s tra ins  is  g ive n fo r  the  
p la ne  s ta te  o f s tr a in. T h e  cor r e s ponding  tes ts  p e r m it  the  inve s ti
g a t io n  o f the  influe nce  o f the  m e a n  p r in c ip a l s tress, if  diffe re nt  
fr o m  e ithe r  the  m in im u m  o r  m a x im u m  p r in c ip a l s tress. F o r  this  
pur pos e  the  h o llo w  c y linde r  d e fo r m a b ilit y  tests c an a ls o  be  
a pp lie d  u s e fully  in cases whe re  a ll p r in c ip a l stresses are  c o m 
pre s s ion stresses.

i n  t h e  s o i l  m e c h a n i c s  l a b o r a t o r y  o f  t he  U n iv e r s it y  o f  
L ju b lja n a  t h e  fir s t  te n s ile  d e fo r m a b ilit y  te s ts  w e r e  m a d e  

u s in g  s p e c im e n s  o f  r e c t a n g u la r  p r o file  w ith  e x p a n d e d  h e a ds ; 
in  t h e  h o r iz o n ta l p o s it io n  t h e  s p e c im e n s  w e r e  e x po s e d  to  

u n ia x ia l t e n s io n .* T h e  r e s u lt s  o f  s im ila r  e x te n s ive  te s ts  o f  

e ig h t fo ld  s p e c im e ns  w it h  e gg- s ha pe d  e x p a n d e d  h e a ds  w e r e  
r e p o r t e d  by  H a s e g a w a  a n d  Ik e u t i ( 1 9 6 4 ) .  H o llo w  c y lin d e r  
t r ia x ia l te s ts  m a y  h a v e  t h e  fo llo w in g  a d v a n t a g e s :  (a)  the  

s tre s s  s ta te  is  be t t e r  d e fin e d  w it h o u t  u n c o n t r o lle d  s tre s s  
c o n c e n t r a t io n ;  ( b ) te s ts  c a n  be  m a d e  a t  v a r io u s  s tre s s  s ta te s ;

( c )  d e fo r m a t io n  a n is o t r o p y  c a n  be  t a k e n  in to  a c c o u n t ;

(d )  lo ng - t e r m  a n d  d r a in e d  te s ts  c a n  m o r e  e a s ily  be  c a r r ie d  
o u t .

O u r  in t e r p r e t a t io n  o f  t h e  h o llo w  c y lin d e r  te n s ile  te s ts f 

w ill be  b a s e d  o n  th e  a s s u m p t io n  o f  o r th o g o n a l a n is o t r o p y  
in  t h e  d ir e c t io n s  o f  c y lin d r ic a l c o - o r d ina te s  w h o s e  o n e  ax is  
c o in c id e s  w it h  t h e  a x is  o f  t h e  s p e c im e n . In  s o fa r  as  the  

c o m p r e s s io n  s tre s se s  a r e  s m a lle r  t h a n  th e  p r e c o n s o lid a t io n  
p re s s u re , t h e  s a m e  o r d e r  o f  m a g n it u d e  o f  d e fo r m a t io n  in  the  
t a n g e n t ia l te n s ile  a n d  in  t h e  r a d ia l c o m p r e s s io n  d ir e c t io n s  

c o u ld  be  e x pe c te d , p r o v id e d  t h a t  t h e  s t r u c tu r e  o f  t h e  s pe c i
m e n  is  is o t r o p ic  in  t h e  p la n e s  p e r p e n d ic u la r  t o  t h e  s a m p le  
ax is . B y  c o n s id e r in g  d e fo r m a t io n  a n is o t r o p y , t h e  d e fo r m a 

b ilit y  d iffe r e nc e s  d u e  to  t h e  h ys te r e s is  e ffe c t  c a n  b e  de te r-

*1. Ma r k ic ’s thes is  fo r  the  Ba c he lo r ’s degree , do ne  unde r  the  
guida nc e  o f the  s e nior  a u th o r  in 1961.

fS im ila r  tests have  pre vious ly  be e n ma de  by Wu , et al. (1 9 6 3 ) 
in o r de r  to s tudy the  fa ilur e  e nve lope  o f soils .

s o m m a i r e

Le s  a ute ur s  p r opos e nt  la  r e che rche  de  la  d é fo r m a b ilit é  sous  
te ns ion des  sols  au m oy e n  de  cy lindre s  cr e ux  s oumis  à  u n  é ta t  
p la n  de  contr a inte s . Us  d o n ne n t  les s o lut ions  cor re s pondante s  
p ou r  les  c ontr a inte s  e t les  dé fo r m a t io ns  e n se ba s a nt  s ur  les  
hypothès e s  fonda me nta le s  de  la  théor ie  de  l’é las t ic ité  e t e n c o n 
s idé r a nt  u ne  a nis o t rop ie  de  d é fo r m a t io n  o r tho go na le  s ymé tr ique  
p a r  r a p po r t  à  l’axe  du  c y lindr e . E n  u t ilis a n t  ces s o lut ions , o n 
pe u t tr ouve r  les cons tante s  de  d é fo r m a b ilit é  co r re s ponda nt  à 
ce r ta ins  inte rva lle s  de  c ha rge  lim ité s  e t à  u n  m o m e n t  donné  
après  l’a p p lic a t io n  de  la  charge . Le s  essais  e ffe ctués  ju s q u ’à 
prés e nt  p ro uve n t  la  néces s ité  de  pr e ndr e  e n c ons idé r a t ion 
¡ 'anis otropie  de  d é fo r m a t ion .

U ne  s o lu tio n  a na logue  p o u r  les c ontr a inte s  e t les  dé for ma t ions  
est prés e ntée  p ou r  u n  é ta t  p lan  de  d é fo r m a t io n . Le s  essais  cor re s 
p onda nts  pe r me t te nt  line  é tude  de  l’influe nce  de  la  cont ra int e  
p r inc ipa le  moy e nne  lor s que  celle- ci diffè re  de  la  c o nt r a int e  p r in 
c ipa le , m a x im u m  o u m in im u m . Da n s  ce  but , les  e ssais  de 
d é fo r m a b ilit é  fa its  s ur  des  é c ha nt illo ns  e n fo r m  de  cy lindr e s  cre ux  
t r iax iaux  a nnula ir e s  pe uve nt être  intére s s ants  auss i p ou r  des 
états  de  c ontr a inte s  de  compre s s ion.

m in e d  w it h in  t h e  s a m e  o r d e r  o f  m a g n itu d e .  I f  t h e  r a d ia l 

o r  a x ia l c o m p r e s s io n  s tre s se s  s ur pa s s  t h e  p r e c o n s o lid a t io n  
p r e s s u re , d iffe r e n t  o r de r s  o f  m a g n itu d e  o f  c o m p r e s s io n  a n d  

t e n s io n  m o d u li c a n  be  e x pe c te d .

T h e  s o lu t io n s  fo r  s tre s s e s  a n d  s t r a in s  w h ic h  w ill be  
d e d u c e d  in  t h e  fo llo w in g  p a r a g r a p h s  b y  c o n s id e r in g  e la s t ic  

a n is o t r o p y  a r e  v a lid  fo r  a n y  p la n e  s ta te  o f  s t r a in  o r  s tre s s . 
N e v e r th e le s s , t h e  us e  o f  h o llo w  c y lin d e r s  fo r  te s ts  w it h  th r e e  

c o m p r e s s io n  p r in c ip a l s tre s se s  a r e  r e c o m m e n d e d  o n ly  if  
o n e  is  s t u d y in g  the  d e p e n d e n c e  o f  t h e  d e fo r m a t io n  p a r a 
m e te r s  o n  a m e a n  p r in c ip a l s tre s s  d iffe r e n t  f r o m  e ith e r  t h e  
m in im u m  o r  t h e  m a x im u m  n o r m a l s tre s s . F o r  o th e r  s tre s s  

s ta te s  t h e  c o n v e n t io n a l t r ia x ia l te s ts  a r e  p r e fe r r e d  (S u k lje , 

1 9 6 3 ).
S o il b e in g  a  n o n - lin e a r  v is c o us  e la s t ic  m e d iu m ,  t h e  in 

v e s t ig a t io n s  b a s e d  o n  th e  a s s u m p t io n s  o f  t h e  t h e o r y  o f  
e la s t ic it y  c a n  r e pr e s e n t  o n ly  a n  a p p r o x im a t io n  v a lid  fo r  

c e r t a in  lim it e d  s tre s s  in t e r v a ls  in  a  g iv e n  t im e  e la p s e d  a ft e r  
lo a d in g  o r — w h e n  in v e s t ig a t in g  t h e  r e la x a t io n  e ffe c ts — a fte r  
r e t e n t io n  o f  t h e  d is p la c e m e n t s . O n  th e  c o n d it io n  t h a t  s tress-  

s t r a in  r e la t io n s h ip s  c a n  be  e x pr e s s e d  b y  lin e a r  T he o log ic a l 

m o d e ls , e la s t ic  s o lu t io n s  c a n  be  a p p lie d  fo r  a n y  c o n s o lid a t io n  

de g r e e .

E L A S T IC  S O L U T IO N S  F O R  S T R E S S E S  A N D  S T R A IN S  IN  H O L L O W  

C Y L IN D E R S

O n ly  th e  p la n e  (a x ia l s y m m e t r ic ) s ta te s  o f  s tre s s  a n d  
s t r a in  w ill  be  c o n s id e r e d , a s s u m in g  o r th o g o n a l d e fo r m a t io n
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Cp — *Vr j? ' ]? 'f>z J? 

<?r

-*—>r j -»̂s •»—'z

€/ =  0 .

€* =  — /cr r +  WlGy (7 )

w ith the  follow ing m ean ing  o f  the  signs k , I, and  m :

k =  (1  / E t) -  (v\ z/E.^  ( 8 )  

/  = M E t)+ [ ( p „- p „) / E t] ( 9 )

m  =  (1 / £ , )  -  ( v \ JE z). (10)

F u rth e r , the  w ell-know n expressions

€r  =  Bu/Bt  ( 1 1 )

U  =  u/ r  ( 1 2 )

m ay be considered , u being the  d isp lacem ent in  the  rad ial 

direction , as w ell as the  equ ilib rium  condition

d ar/ d r  +  (<rr — <rv/ r )  =  0  (13)

tie = r (d a r/ d r )  +  <xr. (1 3 a )

g*ving

f i g . I.  Sy mbo ls .

an iso tropy  in  the  d irec tions o f  the  cy linder co -o rd inates 

( r , ip, z ) .  E r, E<p, and  Ex rep resen t the  linear defo rm ation  

m oduli in  the  d irections r, \ p, and  z, vik (i, k  =  r , <p, z )  being 

the  Poisson ra tio  de term in ing  the influence o f  the stress o-k 

o n  th e  stra in  €r  S ym m etrical rad ial hyd rosta tic  load ing  is 

deno ted  as p x inside and  p0 ou tside the  specim en; the  inside 

radius m ay  be denoted  by rj and  the  ou tside rad ius by r„. 

T h e  to ta l reac tion  in the  d irection  z m ay be deno ted  P.

Plane  S tate  o f  S train  

T h e  fundam en ta l expressions fo r s trains a re :

( i )

(2 )

(3)

(3 a )

N ow , E qs 11, 12, an d  13a should  be inserted  in  E qs 6 and  

7, then the  d isp lacem ent u  in E q  7 d ifferen tia ted  w ith  respect 

to  r, and  the resu lting  derivation  equalized  w ith Eq 6. In  

this w ay the  follow ing d ifferential equa tion  is found

mr2(d2<rr/dr- ) +  3 nir(dcrT/ d r  +  (m  — k )trr =  0. (1 4 )  

It s  s o lu t io n  is :

o r =  A r** +  B r*2 (15)

w ith th e  follow ing m ean ing  o f  the  p aram ete rs  x lt  x>

-tj.2 =  — 1 — Jk / m .  (1 5 a )

T he constan ts  A  and B can  be deduced  from  the  boundary  

cond itions fo r  r-. and

A  = M l
(Hi)

(17)

r \ r0 ~ ~  r \ ~rQ

„  =  f t i 'V n  ~  / y  |JI
*■> -Ti r. i^

r \ ~ro ~  ?\  f’o "

In se rtin g  E q  14 in to  13a one  gets

g<p =  A(x \  +  1 ) r '*  +  B ( x ,  +  1 )r**. (18)

E xpressing  then , in  Eqs 6 and  7, <rr by E q  15 and  o> by  

E q  18, w e get

=  A r Il[m{xy  +  1) — /] +  B r l2[m(x- 1 +  1) — /]. (19)

T he equ ilib rium  cond ition  in the  d irection  z, applied  to  the  

cross-section  z  =  h, yields

/»TO
2 7t I a xrdx  =  -

•  * r =  r\

(2 0 )

T h e  assum ption  tha t th e  d efo rm ation  w ork  does n o t 

depend on the  tu rn  o f app ly ing  loads in princ ipal d irections, 

yields

=  v kl ( E k/ E , ) .  ( 4 )

By tak in g  in to  accoun t this re la tion  one  ob ta in s  from  E q  3a: 

<?z — vrz<rt +  Vvzffv ( 5 )

a n d  fu rth e r, by  inserting  E q  5 into E qs 1 and  2 :

€ r = k<T r  —  la? ( 6 )

F o r  <rx Expression  5 m ay be inserted  tak ing  in to  accoun t 

E qs 15 and  18. By in tegrating , one  gets

+ (21) 
r ¿ ( x i + D  , 1 + 2 , b ( x , + D  + , i "  _  P  

H  .V, +  2  +  x 2 +  2  J  "  2 i  •
+

W hen testing  hollow  cylinders the  loads p it p 0, and  P  can 

d irectly  be m easu red  w hile the  linear s tra in s  in the  ta n 

gential d irection , co rrespond ing  to  r =  r s and  r  =  r0, can
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be found  from  the  observed  volum e change o f the liquid in 

the  cell inside ( r  =  r {) and  outside ( r  =  r„) the specim en. 

F o r  ce rta in  values o f  the  coefficient k / m  th e  co rrespond ing  

pairs  o f the  coefficients m  and  / can  be com pu ted  from  Eq 

19 set up  fo r r  =  r , and  r  =  rc a t given values o f  p x and  p„ 

in  the  observed load interval. A lso, the  righ t values o f the 

p a ir  satisfy  E q  19 fo r r  =  r5 a t an o th e r com bination  o f the 

pressures p {  and  p lt'  w ithin the observed load itnerval on 

cond ition  p { / p j  ¥= (p\ /p0) \ thereby  it is assum ed th a t in the 

observed load in terval the  elastic constan ts  co rrespond ing  to  

a  ce rta in  tim e do  n o t change and do  not depend on  the  ra tio  

p i/ po  p rov ided  th a t all stresses a re  increasing  in th e  sam e 

sense. T h e  Poisson ra tios v n  and  can  then  be found  from  

E q  21 set w ith the  ob ta ined  value o f  k / m  fo r tw o com bina

tions o f  p p „ '  and  p-j, /?„ in the observed load ing  interval. 

In  the  th ree  equa tions (8, 9, and  10) fo u r d efo rm ation  p a ra 

m eters, E t , E ^ , E.„ and  vVr rem ain  unknow n quantities. 

T hese  param ete rs  can  be ob ta ined  only  w ith  a  supp lem enta ry  

assum ption , e.g ., E v — E.„ w hich holds in preconso lidated  

sam ples w ith iso tropic s truc tu re . T h e  com plete com puta tion  

o f the  defo rm ation  param ete rs  still takes m uch tim e.

Plane  S tale  o f  Stress

F o r  p lane state  o f  stress Eqs 1, 2, and 3 w ith

trx =  0 (22)

becom e sim plified. In  an analogous w ay  as in th e  p lane 

s ta te  o f  stra in  E xpressions 15 and  18 resu lt again fo r stresses

o-r and  <rv  w ith  fo llow ing d ifferent m ean ing  o f  the  p a ra 

m eters  x x and  x 2:

Xi.2 — — 1 =b y / a  ( 23)

a  =  E J E , .  (24)

W ith th is  signification for the  param ete rs  *1>2 Eqs 16 an d  17, 

expressing  th e  constan ts  A  and  B, rem ain  unchanged, w hile 

the  follow ing expression can  be deduced  fo r the  linear strain  

ev  in the tangen tial d irection :

<y =  ~ jr\ A r " " ( y / a  ~  "r») -  Br~ '/ ‘ ( \ / a  +  e r?) | .  (25)

K now ing the  inside and ou tside pressures p x and  p0 E q  25 

can  be set fo r bo th  lim it linear s trains and  co rrespond 

ing  to  the  rad ii r{ and  r0 and  to  the observed  ax ia l d isp lace

m ents a /i and  vo lum e changes inside (A F j) an d  ou tside 

(AK0) the  specim en. T hese  tw o  equa tions yield fo r  various 

assum ed values a  =  E v/ E r th e  co rrespond ing  pairs  o f  elas

tic pa ram ete rs  E v and  vrv. T h e  pa ir shou ld  be chosen  to  

satisfy  E q  25 also  a t an o th er com bination  o f  p {  an d  p x 

w hereby th e  sam e assum ptions and conditions, as s ta ted  in 

the foregoing  parag rap h , m ust be taken.

T E S T  E Q U I P M E N T

T h e  test equ ipm en t has been a rranged  fo r tests co rres

pond ing  to  the  p lane  s ta te  o f  stress. T he inside d iam ete r o f 

the hollow  cy linder specim ens is 2 rx =  4 cm , th e  ou tside  

d iam ete r 2r0 =  6 .4  cm , and the  heigh t h  =  8 cm . O n bo th

f i g .  2. Triaxial cell for hollow cylin
der specimens subjected to plane stale f i g .  3. Cross-section of the triaxial cell: top, exe- 

of stress. cuted; boilom, improved design.
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la teral sides the  specim ens are  p ro tec ted  by ru b b e r  m em 

branes fixed to  th e  base and  to  the  top  o f the  test cell in 

o rd e r  to  p reven t the  pene tra tion  o f the  liquid in to  the  speci

m en and  in to  th e  space above it. T h e  inside liqu id  is con 

nected  w ith  the  p ressure ca tch , w ith  the  m ercu ry  m anom eter, 

and  w ith  a vo lum ete r o f  0.1 cu. cm . accu racy , w hile the  

ou tside liquid  o f  the  equ ipm ent, used so fa r , h as  been 

connected  only  w ith  a  sim ple glass vo lum ete r serv ing  also 

fo r the  m easu rem en t o f  the  sm all hyd rosta tic  p ressu re in 

the  outside space o f  the  cell. T h e  d isp lacem ents in the  axial 

d irection  a re  reg istered  by a  co m p ara to r; the  m easuring  axis 

is fastened  to  a  m icrom e ter screw  and th ree  vertical b ranches 

o f the axis tou ch  an  a lum inium  ring  lying on the  upper 

su rface  o f  the  specim en. T h ree  light ind ica to rs connected  in 

parallel fac ilita te  m a in tenance  o f  the co n tac t betw een the 

m easuring  axis an d  the  specim en w ith o u t reac tion  p ressure 

in the  vertical d irection . T h e  details a re  show n in Fig. 3 

( to p )  rep resen ting  the  cross-section o f  th e  test cell used in 

the  tests m ade so fa r , and  in the  pho tog raph  (F ig . 2 ) .  F ig . 

3 (b o tto m ) rep resen ts an  im proved design o f the  top  o f  the  

cell w ith  b e tte r  cond itions fo r the elim ination  o f the  a ir 

caugh t in the  liquid, T h e  influence o f the  a ir bubbles an d  o f 

th e  accu racy  o f  th e  m easuring  system  can be fu rth e r reduced  

if the tests a re  m ade on  la rger specim ens w ith  d iam eters 

2ri ^  7  cm  and  2r0 ^  10 cm  and a  heigh t h  ^  15 cm . 

T he vo lum e change o f the  liquid in the  ou tside space o f  the  

cell shou ld  be connected  w ith  a  p recise vo lum ete r and  the 

testing  capacity  o f  the  device im proved so th a t it could 

p roduce  h igher pressu res in th e  ou tside liquid.

T h e  equ ipm en t could  be adop ted  fo r tests co rrespond ing

to  the p lane  state  o f  strain  by designing a  dynam om eter 

m easuring  the  vertical reac tions; in th is case the  bearing  

capacity  o f  the  m icrom eter and  o f the  con tac t vertical 

branches o f  the  m easuring  axis should  be adequate ly  re in 

forced.

T h e  equ ipm en t used so fa r  did no t perm it e ither a  free  

d ra inage  o r  po re-p ressure m easurem ent. T h e  correspond ing  

im provem ent cou ld  be m ade w ithou t special difficulties.

E F F E C T S  O F  A N IS O T R O P Y  A N D  O F  C R E E P  O N  T H E  D E F O R M A 

T IO N  P A R A M E T E R S

Fig . 4 ( a )  rep resen ts  th e  load ing  d iagram  pQ =  p 0 (p ,)  o f 

tw o successive load ing  degrees o f  a  specim en o f th e  sam e 

te rtia ry  clay  w ith  the  w a te r co n ten t w0 =  23 p e r  cent, 

F ig . 4 ( b )  the  co rrespond ing  graphs re la ting  the  volum e 

changes a K 5 and  aK „ as well as the  axial d isp lacem ents 

Ah  to  tim e t, and  F ig . 4 ( c )  the  so lu tions o f  E qua tion  25 

resu lting  from  plo ts  ( a )  and  (b )  fo r various values o f  the 

coefficient a  =  E v / E r and  fo r various tim es t. In  th is te st 

series the  observed  load in terval w as n o t d iv ided  in tw o 

steps w ith  d ifferent p j p -, ra tios in o rder to  get th e  th ird  

equa tion  o f  the  type  (2 5 )  enabling  the  final de term ination  

o f  th e  co rrec t a  value. N evertheless, th e  plo ts presented  

in  F ig . 4 ( c )  allow  the  follow ing conc lusions: (1 )  T he 

assum ption  o f  the  iso tropy  does not lead to  real values o f 

the  Poisson ra tio . (2 )  T h e  effect o f  the  an iso tropy  on  the 

value o f  th e  tensile d e fo rm ation  m odulus is less im portan t.

(3 )  In  th e  tsests p resen ted  th e  co rrec t values o f the  coeffi

cien t a  a re  betw een 2 and  4. (4 )  W ith  increasing  tim e the 

Poisson ra tio  decreases as w ell as the defo rm ation  m odulus.
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f i g . 4 ( a ) .  T h e  d ia g r a m  pQ =  p0(p {) o f  a  tes t e xe cute d w ith  a n  u nd is tur be d  c la y  s a m p le  (w 0 =  23%). (b )  T im e  de pe nde nt 
p lo ts  o f  p0, />j, AKj, &VQ a nd  ¿i/i o f  Ihe  s ame  le s t, ( c ) T he  r e s ult ing  m o d ulu s  E^  and  Pois s on's  r a t io  viPt cor r e s ponding  to

v ar ious  as s ume d m o d u lus  r a t ios  a =  E ^ / E ..
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O w in g  t o  t h e  in s u ffic ie n t  a c c u r a c y  o f  t h e  v o lu m e t e r  c o n 
n e c t e d  w ith  t h e  o u t s id e  s pa c e  o f  t h e  c e ll, t h e  m e a s u r e d  

A F 0 c h a n g e s  a r e  n o t  r e lia b le  e n o u g h . T h e  g r o u p  o f  t h e  

d a s h e d  line s  =  *V r (“ ) a n d  E ? =  £«>(<*) c o r r e s p o n d s  t o  
a s s u m p t io n  a K 0 =  w h ic h  is  o n  t h e  o n e  lim it  o f  the  
p r o b a b le  a c c u r a c y  in t e r v a l.  T h e  r a th e r  im p o r t a n t  d iffe r e nc e s  

o f  t h e  d e fo r m a t io n  p a r a m e t e r s  r e q u ir e  t h e  im p r o v e m e n t s  o f  

t h e  e q u ip m e n t  p r o p o s e d  in  fo r e g o in g  p a r a g r a p h s .
In  t h e  o b s e r v e d  lo a d  in t e r v a l t h e  d e fo r m a t io n  s pe e d  

de c r e a s e s  a n d  the  s t r a in s  t e n d  to  a fin a l v a lu e . In  t h e  s ubs e 
q u e n t  lo a d  in t e r v a l t h e  p lo t  AK j =  A V t( i) ,  w h ic h  is  a ls o  
s h o w n  in  F ig . 4 ( b ) ,  t h e  h a r d e n in g  e ffe c t  d is a p p e a r s ;  the  

d e fo r m a t io n s  inc r e a s e  w ith  c o n s t a n t  r a te . In  t h e  p lo t  A F ;  =  
A K ji^ j )  t h is  in t e r v a l is  a lr e a d y  s it u a t e d  o u t s id e  t h e  y ie ld  
p o in t .  T h u s , t h e  y ie ld  p o in t  c o u ld  be  t a k e n  a s  t h e  lim it  

v a lu e  o f  t h e  p e r m is s ib le  s tre s se s .

C O N C L U S IO N

T h e  us e  o f  t h e  h o llo w  c y lin d e r  s p e c im e n s  is  s u it a b le  fo r  
d e fo r m a b ilit y  te s ts  a t  s tre s s  s ta te s  w ith  o n e  t e n s ile  p r in c ip a l 

s tre s s . In  lim it e d  s tre s s  in t e r v a ls  t h e  d e fo r m a t io n  p a r a 
m e te r s  c a n  be  c o m p u te d  o n  th e  b a s is  o f  e la s t ic  s o lu t io n s  
p r o v id e d  t h a t  t h e  d e fo r m a t io n  a n is o t r o p y  is  t a k e n  in to  
a c c o u n t . A s  t h e  c o m p u te d  v a lu e s  a r e  r a th e r  s e n s it ive  t o  t h e  

a c c u r a c y  o f  t h e  m e a s u r e m e n t s , fu ll a t t e n t io n  s h o u ld  b e  p a id  
t o  t h e  e lim in a t io n  o f  t h e  a ir  b u b b le s  in  t h e  c e ll liq u id  s e r v 

in g  fo r  p r o d u c t in g  pr e s s ur e s  a n d  v o lu m e  c h a n g e  m e a s u r e 

m e n t s  in  t h e  ins id e  a n d  o u t s id e  s pa ce  o f  t h e  c e ll. In  o r d e r  to  
r e d u c e  t h e  r e la t iv e  in flu e n c e  o f  e r r o r s , t h e  a u th o r s  r e c o m 

m e n d  te s ts  w it h  la r g e  s a m p le s , p r e c is e  v o lu m e te r s ,  t h e  

g a u g in g  o f  t h e  e ffe c ts  o f  t e m p e r a t u r e  a n d  o f  d e fo r m a b ilit y  
o f  s in g le  p a r t s  o f  t h e  t e s t in g  d e v ic e  as  w e ll as  t h e  us e  o f  
o r g a n ic  t e s t in g  liq u id  in  t he  c e ll. T h e  d e fo r m a t io n  p a r a 

m e te r s  s h o u ld  be  e x pr e s s e d  as  fu n c t io n  o f  t h e  t im e .
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