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SYNOPSI S The paper  descr i b33 t he r esul t s of  exper i ment al  st udi es per f or med f r om t he appa-
t us wi t h i ndependent  appl i cat i on of  t hr ee pr i nci pal  st r esses at  di f f er ent  st r ess pat hs.  Behavi our  
of  sand under  pl ane st r ai n i s anal ysed.  Al l  t est  r esul t s ar e pr esent ed i n t abl es and di agr ams.

St r ess- st r ai n behavi our  of  t he soi l  i n f ounda­
t i ons of  i ndust r i al ,  ci vi l  and hydr aul i c st r uc­
t ur es of t en i dent i f i es t he pl ane st r ai n condi t i ­
on.  However  t he st r engt h and def or mabi l i t y pr o­
per t i es of  t he soi l  used i n engi neer i ng desi ngs,  
ar e usual l y det er mi ned f r om t he r esul t s of  t he 
t r i axi al  appar at us wi t h no cor r ect i ons bei ng 
i nt r oduced f or  t he pl ane st r ai n anal ysi s.  The 
r esul t s of  i nvest i gat i ons by Cor nf or t h ( 1964) ,
Gr een ( 1975)  and ot her s i ndi cat e t he necessi t y 
of  such cor r ect i ons.  Thi s paper  deal s wi t h t he 
t est s of  f i ne uni f or m sand at  t hr ee i ni t i al  
densi t i es, char act er i zed by t he r el at i ve densi ­
t i es I d = 0 . 8 j  0. 55 and 0. 23,  Y a=26. 6 kN/ m?

emax=0»89» emi  n=0. 56.  The t est s have been per ­

f or med wi t h t he exper i ment al  appar at us by t he 
Kr yzhanovsky- Vor ont sov desi gn ( Lomi ze, 1969) ,  
whi t Sh makes possi bl e t o appl y i ndependent l y 
t hr ee pr i nci pal  st r esses fo, , Sg,  63 and t o 
def i ne t he st r ai ns cor r espondi ng t o t hem wi t h 
t he 10 cm cubi cal  t est  speci mens.  The possi bi ­
l i t y of  t he speci men def or mi ng i n one of  t he 
di r ect i ons was excl uded f or  achi evi ng t he pl ane 
st r ai n condi t i ons, and t he r esul t i ng st r ess 
was measur ed by t wo hydr aul i c capsul es. The f ol ­
l owi ng i nvar i ant s of  t he st r ess- st r ai n behavi o­
ur  and wer e used i n t he st udy:  €T=(t5i  ■* 6’t-«-g,3y 3 i s

aver age st r ess = - 6,)*'

i s shear  st r esses i nt ensi t y = (26", - 6 , - ^ 3) /  

/ ( 6, - 6j )  ( at  <S, > 6 21 i a par amet er  of

st r ess- st r ai n behavi our  f or m;  = g,  ■* £  g -» SA 

i s vol umet r i c st r ai n;€; = (2/V5) V̂ f , *(£, -£j )2 f,Jl 

i s shear  st r ai n i nt ensi t y*

Fi g. l  shows t hr ee st r ess pat hs,  whi ch char ac­
t er i ze t he per f or med t hr ee t est  ser i es,  t wo of  
t hem bei ng of  t he pl ane scr ai n t ype.  I n t he 
t est  ser i es 1 , af t er  t he t est  speci men was sub­
j ect ed t o uni f or m pr essur e t i l l  6. =40;  80 and 
160 kPa at  I d=0. 8 and t i l l  €>o =40;  80 and 120 
kPa at  I d=0. 55 and I p=0. 23 st r ai n at  one of

t he l at er al  di r ect i ons was excl uded ( i n t hi s 
di r ect i on t he r eact i ve st r ess £ £was r ecor ded) ,  
at  t he same t i me t he ot her  l at er al  st r ess 3̂ 
was mai nt ai ned const ant ,  and t he ver t i cal  
st r ess 6 ( , was gr adual l y i ncr eased up t o t he 
f ai l ur e.  I n t he t est  ser i es I I  t he uni f or m 
pr essur e was appl i ed t i l l  G0=160;  320 and 480 
kPa.  Then at  t he st age of  l oadi ng under  t he

The st r ess pat h under  pl ane st r ai n i n coor ­
di nat es 6 -  <oi i s evi dent  t o depend not  onl y 
on t he sequence of  var i at i on of  t he st r esses 
G,  and 6^ , but  al so on t he def or mat i on pr o­

per t i es of  t he t est ed soi l , whi ch i nf l uaace t he 
r eact i ve st r ess 6"g.  The obt ai ned t est  pat hs I  
and I I  wer e pr act i cal l y l i near  and t hey can be 
char act er i zed by t he angl e oC bet ween t he pat h 
and t he posi t i ve di r ect i on of  t he axi s 6  . I n 
t he pur el y devi at or i c st r ess t est s ( pat h I I I ) ,  
t he st r esses€> =80; 160 and 320 kPa wer e kept  
const ant  at / l s,=- l .  For  t he shear  st r ai n desc­
r i pt i on,  t he r el at i on pr oposed by Bot ki n 
( 1939)  was used i n t he f ar m:

<3 = —  S G- —  - or  - (5)

wer e €5; = S’ t anj 3 i s t he soi l  st r engt h accor ­
di ng t o t he st r engt h condi t i on of  Mi ses- Schl ei -  
her ,  B i s coef f i ci ent  coi nci di ng i n magi  i t ude 
wi t h t he quant i t y St  at  6-  = <0 * / 2.  The vol u­
met r i c st r ai n £ v i s consi der ed as t he sum of  
t he vol umet r i c st r ai n <?°  at  t he uni f or m pr es­
sur e and t he addi t i onal  vol umet r i c st r ai n 
due t o t he act i on of  t he devi at or i c st r ess.
The st r ai n g “ i s adequat el y appr oxi mat ed by:

£ v° = <=r / ( a«*  6 ) ( 2 )

The f ol l owi ng r el at i on i s pr oposed f or  t he de­
scr i pt i on of  t he r el at i onshi p bet ween f ^ andgj

+  ( 6 / 6 ' / J ( ^ A ) t a " j )]  ( 3 )

wher e , Ji ar e exper i ment al  par amet er s;  7?  =

*A i s di i at ancy r at e at  f ai l ur e;  6* and

6 cor r espond t o t he cur r ent  val ue of  j 6' / = 

=l kPa.  The r el at i ons ( 1)  and ( 3)  f or  pr act i cal

Fi g. l .  The st r ess pat hs I , I I  and I I I

pl ane st r ai n,  t he ver t i cal  st r ess , r emai ned 
unvar i abl e and 6*  decr eased up t o t he f ai l ur e.
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use shoul d be suppl ement ed,  by t he equat i on of  
t he devi at or i c st r ess pat h:

£  = 6 0 + G i  Lot ^  0 0

Al l  coef f i ci ent s i ncl uded i n t he above r el a­
t i ons,  ar e t abul at ed i n Tabl es I , I I . Tabl e I I I  

pr esent s t he r el at i onshi p bet ween Ais and£| ,  
aver aged f or  each t est  gr oup.

TABLE I

Coef f i ci ent s i n For mul a ( 2)  f or  t ne pat hs I ,
I I  and I I I

XD 0. 8 0. 55 0. 23

a 66, 9 37. 7 30 . 4

b, kPa 10300 6420 4440

TABLE I I

Coef f i ci ent s i n For mul a ( 3)

Pat h I D 100 ^  J3 100 V t an f Bxl O? Cot

0. 8 8. 5 0. 82 18 0. 78 3 1. 07
I  0. 55 4 0. 75 9 0. 73 4 1. 04

0. 23 1. 5 0. 59 2. 4 0. 70 6 0. 97

0. 8 10. 4 0. 76 27 0. 73 5 - 1. 11
I I  0. 55 4. 7 0. 62 16 0. 68 6 - 1. 11

0. 23 4. 0 0. 58 4 0. 65 8 - 1. 15

0. 8 3. 8 0. 49 34 0. 87 5 0
I I I  0. 55 2. 5 0. 50 14 0. 80 6 0

0. 23 4. 5 0. 57 0. 4 0. 76 9 0

TABLE I I I  

Par amet er  of  t he st r ess- st r ai n 

( xl OO)  at  £ i

behavi our

xl OO

f or m

Pat h I d N ^ x I OO 0 . 5 1. 0 2. 0 3. 0 5.0

I  0. 8; 0. 55 79 68 58 53 50

0. 23 75 64 52 45 40

I I  0. 8; 0. 55; 0. 23 20 30 30 30 30

The t est  r esul t s enabl ed t o det er mi ne t he 
r at i o <S£/ (  €T, + <o3 ) dependi ng on t he st r ai n 
E;  . The above pat i o has t he sense of  t he Poi S'  
son’ s r at i o 0  under  t he pl ane st r ai n condi ­
t i on:  / x

^ ) = ^ 2 / ( s i +  6 3 )  ( 5 )

I n addi t i on t o t hi s,  t aki ng t he gener al i zed 
Hook' s l aw as t he basi s,  t he Poi sson' s r at i o 
can be al so expr essed i n t er ms of  st r esses S , , 

Cj  and st r ai ns

S i6 > a  ~

( ^ ) (
Rel at i ons of  \) ver sus S’; f or  t he t est ed 

dense sand ar e shown i n Fi g. 2a, b t he cur ves 1 
cor r espondi ng t o r el at i on ( 6) ,  and t he owr ves 
2 t o r el at i on ( 5) .  The val ue of  r at i o 

■+ <Sj ) i s f ound t o r emai n const ant  f or  t he 
ent i r e t est  per i od.  But  t he val ue ^  cal cul a­
t ed f r om t he equat i on ( 6)  i s var yi ng dur i ng 
t he l oadi ng pr ocess f r om t he val ue cl ose t o 
zer o and t o 0. 5 and cannot  be cal l ed t he t r ue

S' ,
CS)

\)

0.4

02

0 1

2

Bi g.  2.  The r eal t i onsi i i p bet ween and £■ ;
1- r el at i on ( 6) ,
2- r el at i on ( 5) -

Poi sson' s r at i o,  i t  i s onl y a par amet er  of  
t he gener al i zed Hook’ s l aw.  Hence,  t he r esul t s 
of  t he per f or med i nvest i gat i ons have r eveal ed 
t hat  f or  t he pl ane st r ai n pr obl em,  t he def or ­
mat i on char act er i st i cs shoul d be det er mi ned 
usi ng t he pr oper  t est  schemes wher e t he st r ess 
pat h,  t ypi cal  f or  t he pr obl em t o be sol ved 
wer e t aken i nt o consi der at i on.
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