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SYNOPSI S Var i ous t hr ee- di mensi onal  t es t i ng appar at uses- " t r ue t r i axi al "  devi ces-  whi ch can t est
cuboi dal  soi l  sampl es i n t he gener al i zed st r ess f i el d ar e br i ef l y  r evi ewed.  The r esul t s obt ai ned i n 
t hese and i n t he t est s i n t hi s s t udy ar e exami ned and compar ed.  Cohes i onl ess soi l s ar e i n quest i on,  
and dr ai ned s t r engt h char act er i s t i cs  r at her  t han st r ess- s t r ai n behav i our  ar e emphasi zed.  Test i ng 
pr ocedur e and desi gn of  appar at us ar e f ound t o be af f ec t i ng t he r esul t s  espec i al l y  at  t he hi gh 
i nt er medi at e st r ess st at es.  A r easonabl e est i mat e of  t he shear  s t r engt h behav i our  of  cohesi onl ess 
soi l s i n f i el d at  gener al i zed st r ess st at es i s gi ven.

I NTRODUCTI ON

A number  of  t hr ee- di mens i onal  shear  t est i ng 
appar at uses wer e des i gned i n t he r ecent  year s 
t o t est  sampl es i n t he gener al i zed st r ess f i el d.  
I t  i s r egar ded essent i al  t o sur vey t hese devi ces 
and t he r esul t s  assoc i at ed wi t h t hem bef or e 
us i ng t he dat a f or  t he devel opment  of  soi l  model s.  
Emphasi s  wi l l  be on t he hi gh i nt er medi at e st r ess 
st at es,  s i nce conf l i c t i ng r esul t s ar e r epor t ed 
i n t hose st at es at  pr esent .

THREE- DI MENSI ONAL TESTI NG APPARATUSES 

Di f f er ent  Desi gns

The appar at uses empl oyed i n gener al i zed t est i ng 
pr ogr ams on gr anul ar  soi l s ar e numer ous and i t  
i s not  poss i bl e t o gi ve a det ai l ed descr i pt i on 
of  each appar at us her e,  but  t he basi c f eat ur es 
of  an appar at us ar e t he t ype of  l oadi ng pl at ens 
and t he des i gn of  l oadi ng syst em i n t hr ee 
or t hogonal  di r ect i ons.  The equi pment  i n t he 
l i t er at ur e may be put  i n f ew cat egor i es.
Ref er ence i s gi ven t o t he equi pment  and st udi es 
i n whi ch gener al i zed t est s wer e possi bl e t o car r y 
out  at  hi gh i nt er medi at e st r ess st at es ( i . e.

b =(<*2 “  3 ) /  t CT ̂

( a)  The appar at uses t hat  use cubi cal  sampl es 
and al l  s i x f aces of  sampl es ar e l oaded 
by- r ubber  bag- f l ex i bl e pl at ens.  Ko and 
Scot t  ( 1968) ,  Lomi ze et .  al .  ( 1969,  1973) ,  
Al - Ani  ( 1975) .

(b)  The appar at us t hat  t est s cubi cal  sampl es 
and al l  s i x f aces of  sampl es ar e l oaded by 
r i gi d pl at ens.  Gudehus ( 1973) .  Thi s desi gn 
uses Hambl y ' s  ( 1969)  desi gn concept  of  
" nest ed pl at ens" .

(c)  The appar at uses t hat  make use of  a mi x t ur e 
of  r i gi d and f l ex i bl e pl at ens.  The most  
common t ype of  desi gn i ncor por at es a l ar ge 
t r i ax i al  cel l .  Usual l y  t her e i s some sor t

of  a f r ame ar ound t he sampl e t o appl y st r ess 
t hr ough r i gi d or  f l ex i bl e pl at ens i n one of  t he 
l at er al  di r ect i ons.  Wat er  pr essur e i n t he 
t r i ax i al  cel l  pr ov i des t he pr i nc i pal  st r ess i n 
t he r emai ni ng l at er al  di r ect i on.  Cuboi dal -  
pr i sm shaped- sampl es ar e t est ed.  Bi shop and 
Gr een ( 1969) ,  Gr een ( 1971) ,  Reades ( 1972) ,  
Pr oc t or  and Bar den ( 1969) ,  Lade and Duncan ( 1973)  
Sut her l and and Mesdar y  ( 1969) .  Ramamur t y  and 
Rawat  ( 1973)  use a c l assi cal  t r i ax i al  l oadi ng 
f r ame i n t he axi al  di r ect i on wi t h r i gi d pl at ens 
and f our  f l exi bl e pl at ens st r ess t he cubi cal  
sampl e.

Test i ng Pr ocedur es

Par t l y  dependi ng on t he desi gn of  an appar at us 
t her e ar e a coupl e of  ways dur i ng s t r essi ng 
sampl es t o f ai l ur e.  Axi al  and l at er al  pai r s of  
r i gi d and/ or  f l ex i bl e l oadi ng pl at ens may be 
moved i nwar ds t o appl y maj or  and i nt er medi at e 
pr i nc i pal  st r esses whi l e t he r emai ni ng pai r  of  
l at er al  pl at ens moves out war ds wi t h var i abl e or  
const ant  mi nor  pr i nc i pal  st r ess.  I f  desi gn 
makes use of  wat er  pr essur e i n t he t r i ax i al  cel l  
as t he mi nor  pr i nc i pal  st r ess,  sampl e def or ms 
out war ds agai nst  cel l  pr essur e.  Di f f er ent  
dr i v i ng speeds of  axi al  and l at er al  pl at ens 
det er mi ne t he i nt er medi at e st r ess st at e i n 
s t r ai n- cont r ol l ed t est s.  Thi s pr ocedur e wi l l  be 
cal l ed t he f i r st  mode.  Mean st r ess l evel  
usual l y  i ncr eases i n t he t est s i n t hi s mode 
unl ess i t  i s spec i al l y  cont r ol l ed.

Anot her  pr ocedur e f ol l owed at  i nt er medi at e 
st r ess st at es hi gher  t han pl ane st r ai n st at e i s 
t o consol i dat e sampl es usual l y  t o a hi gher  
i sot r opi c  st r ess t han t hat  i n t he f i r st  mode,  
t hen t o decr ease axi al  st r ess wi t hdr awi ng t op 
pl at en s i mi l ar  t o a covent i onal  t r i ax i al  ex t en­
si on t est .  Di f f er ent  i nt er medi at e st r ess st at es 
ar e c r eat ed i ncr easi ng l at er al  st r esses i n one 
of  t he t wo l at er al  di r ect i ons t o a hi gher  l evel  
wi t h r espect  t o t he ot her  bef or e wi t hdr awi ng 
t op pl at en.  Fai l i ng sampl es i n t hi s way wi l l  be 
r ef er r ed as t he second mode.
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PRESENT STUDY 

Equi pment

The gener al i zed t est i ng devi ce used i n t hi s st udy 
i s mai nl y  t he appar at us des i gned by Gr een ( 1969,  
1971) .  I t  i s an appar at us gr ouped under  (c)  
above.  A pai r  of  f l exi bl e pl at ens have been 
des i gned t o be at t ached t o t he f r ame whi ch 
or i gi nal l y  car r i es r i gi d pl at ens.  Fl exi bl e 
l at er al  pl at ens ar e composed of  suppor t i ng 
br ass nest s and r ei nf or ced r ubber  bags mount ed 
on t hem.  Rei nf or ced r ubber  bags wer e manuf ac ­
t ur ed empl oy i ng t he t echni que by Ar t hur  ( 197 3) .
No wat er  i s al l owed t o go i nt o or  out  of  t he 
bags dur i ng t he t est s,  and t he hydr aul i c  j ack on 
t he l at er al  f r ame pr ovi des t he def or mat i on i n 
t he l at er al  di r ect i on.  Det ai l s  ar e gi ven i n 
Er gun ( 1976) .

Mat er i al s  and Test  Pr ogr am

Ham Ri ver  sand i s a uni f or m medi um sand composed 
of  subr ounded par t i c l es.  ( Cu = 1. 45,  yg = 2. 68

kN/ m̂ ,  dgg = 0. 24 mm) .  Vol cani c  sand i s a

uni f or m f i ne sand havi ng par t i c l es  of  angul ar
and needl e- l i ke shape.  ( C = 1. 64,  v = 2. 79 

,  r  u ' s
kN/ m , d^Q = 0. 1 mm) .

Al l  sampl es wer e consol i dat ed i sot r opi cal l y  and 
subsequent l y  shear ed dr ai ned.  Test  ser i es on 
Ham Ri ver  sand consi s t ed of  : (1)  Test s i n t he 
f i r st  mode on dense and l oose sampl es eml oyi ng 
f l exi bl e pl at ens i n t he l at er al  ( i nt er medi at e)  
di r ec t i on wi t h const ant  consol i dat i on pr essur e 
of  207 kPa.  (2)  Tr i ax i al  ext ens i on t est s wer e 
on shor t  and l ong ( 50 mm vs.  85 mm hei ght )  and 
l oose and dense sampl es (3)  Speci al  ser i es I  wer e 
on l oose sampl es,  and r i gi d axi al  and l at er al  
l oadi ng pl at ens wer e used.  Onl y di f f er ence i n 
t he t est  pr ocedur e f r om t he convent i onal  f i r st  
f i r st  mode was st r ess cont r ol l ed l at er al  pl at ens 
whi ch wer e kept  at  const ant  i ni t i al  consol i da­
t i on pr essur e ( 840 k PA) , and whi l e axi al  pl at en 
was dr i ven downwar ds ( maj or  st r ess) cel l  pr essur e 
was decr eased t o f ai l ur e.  Speci al  ser i es I I  
wer e gener al i zed t est s i n t he second mode on 
l oose sampl es and at  hi gh b val ues.  Ther e wer e 
mean st r ess l evel  decr eas i ng ( convent i onal  t ype,  
s i mi l ar  t o t r i ax i al  ext ens i on t est )  and i ncr eas ­
i ng t ype of  t est s.

Test s on vol cani c  sand consi st  of  t r i axi al  
compr essi on,  ex t ens i on and gener al i zed t est s at  
al l  s t r ess st at es and on l oose and dense sampl es.  
They wer e i n t he f i r st  mode,  and r i gi d pl at ens wer e 
us ed.
Test  Resul t s

The angl es of  shear i ng r es i s t ance on Ham Ri ver  
sand based on t he Mohr - Coul omb f ai l ur e cr i t er i on 
ar e gi ven i n Fi g. 1 at  di f f er ent  i nt er medi at e 
st r ess st at es.  The r esul t s of  t he t est s on Ham 
Ri ver  sand per f or med by Gr een ( 1969)  and Reades
( 1972)  ar e al so pl ot t ed i n t he f i gur e.  Resul t s 
of  t est s on vol cani c  sand ar e pr esent ed t oget her  
wi t h t he ot her  r esear cher s'  i n Fi g.  3.  The 
compl et e dat a ar e gi ven i n Er gun ( 1976) .

GENERAL DI SCUSSI ON OF THE RESULTS

I t  i s gener al l y  agr eed t hat  peak s t r engt h val ues 
i ncr ease mar kedl y  f r om t he axi symmet r i c  comp­

r ess i on st at e t o pl ane st r ai n st at e,  and dense 
sampl es show gr eat er  i ncr ease,  Fi g. 1 and Fi g. 3.  
An i nt er est i ng obser vat i on i n Fi g. 1 i s t he 
di f f er ence i n behav i our  of  t he l oose Ham Ri ver  
sand sampl es t est ed i n t he f i r st  and second 
modes at  hi gh i nt er medi at e st r ess st at es.  St r ess 
st r ai n and vol ume change r esponse ar e di f f er ent
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Fi g. 1 Resul t s  of  Gener al i zed 
Test s on Ham Ri ver  Sand

r i ght  f r om t he st ar t  of  t he t est s,  Fi g. 2.

Thi s s i gni f i cant  di f f er ence seems t o be t he mai n 
cause of  conf usi on i n t he past  at  hi gh i nt er me­
di at e st r ess st at es.  The r eason f or  t he di f f e ­
r ence may be expl ai ned by t he way of  appl i cat i on 
of  l oads t o sampl e and t he degr ee of  f r eedom of  
t he sampl e unt i l  f ai l ur e i n di f f er ent  modes.  
I nt er nal  shear i ng mechani sm i n sampl es i n t he 
f i r st  mode l eads t o mor e di l at i on wi t h i ncr eas ­
i ng b val ues.  Ef f ec t  of  i nt er f er ence bet ween 
r i gi d l oadi ng pl at ens at  hi gh b val ues i s a 
cont r i but i ng f act or  t o measur ed <)> 1 val ues.  I t  
i s i nt er est i ng t o obser ve t he 4> ' val ues at  hi gh 
b val ues on l oose Ham Ri ver  sand sampl es obt ai n­
ed i n r i gi d and f l exi bl e pl at en t est s i n t he 
f i r st  mode and i n speci al  ser i es I .  A di scus ­
s i on on t he poi nt  i s i n Er gun ( 1977) .  Lower  
angl es of  f r i c t i on ar e associ at ed wi t h l ower  
r at es of  vol ume changes wi t h r espect  t o maj or  
pr i nc i pal  st r ai ns i n t he second mode compar ed 
t o t hose i n t he f i r st  mode at  t he same b val ues.  
Sampl es t est ed i n t he second mode t end t o f or m 
necks l i ke i n t r i ax i al  ext ens i on t est s.

/  - - - - - - - - - \ + ° A
loose samples tr ia x ih l/

/  /  normalized to 4 4 %  +  extension

/ /  \ t e s t s

>* Corrections applied for “ s0

U ) sample seath (U) platen friction '  

t i i  mean stress level ( iv )  non-un iform  deformation 

(second mode)

Dense samples 

normalized to

- All tests In the 

f irs t mode

triaxial 

extension 

tests ' ' V

Flexible platen tests o

Rigid platen tests •  

Reades (1972)

Rigid platen tests «

SLreej ilSfiSJ____ -
series I  ±  

Special series H +  

Control tests a  

Reades stress 
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I f  Fi g.  3 i s exami ned i t  i s seen t hat  t he r e ­
sear cher s who use t he second mode af t er  pl ane 
st r ai n f i nd s i gni f i cant  <f>' decr eases,  cur ves 2 , 
3,  7.  Except  cur ves 1 and 4 angl es of  shear i ng 
r es i s t ance i ncr ease above pl ane st r ai n i n t he 
f i r st  mode.  Ther e i s no mean st r ess l evel  cor ­
r ect i on i n 1 and 4 l i ke i n most  ot her  st udi es 
t her ef or e t hey wi l l  al so i ncr ease af t er  cor r ec ­
t i on.  (a)  t ype of  appar at uses show si gni f i cant  
i ncr eases i n f r i c t i on angl es up t o b = 0. 6- 0. 8,  
have a peak and t hen t end t o show decr eases 
t owar ds b = 1,  cur ves 6 . 8 . I n (c)  t ype of  
appar at uses wi t h r i gi d l at er al  pl at ens t hi s 
t endency t o decr ease i s r ecogni zed,  cur ves 4 , 5 , 
9, 10 and dense Ham Ri ver  sand sampl es Fi g. l .  
Fl ex i bl e pl at en t est s i n Fi g. l  c l ear l y  di sc l ose 
t hi s behavi our .  For mat i on of  t he f ai l ur e pl anes 
di saappear  ar ound t he peak t i l l  b = 1 .

Cl ear l y,  gi ven t he same sand t o t he r esear cher s

behavi or  af t er  pl ane st r ai n.  The " t r ue"  var i ­
at i on i s expect ed t o be of  t he f or m such t hat  
t he f r i c t i on angl e r api dl y  i ncr eases t o pl ane 
st r ai n ar ound b = 0. 25- 0. 35,  f ur t her  i ncr eases 
ar e mar gi nal  and occur  i n denser  mat er i al s,  i n 
l oose mat er i al s  pr act i cal l y  no i ncr ease shoul d 
be assumed.  Af t er  about  b = 0. 65- 0. 75 i t  t ends 
t o decr ease,  and l ooser  mat er i al s  gi ve l ar ger  
dr ops.  At  t he ext ens i on st at e (b = 1)  $'  val ues 
ar e expect ed at  most  a f ew degr ees hi gher  t han 
t hose at  t he t r i ax i al  compr ess i on st at e i n l oose 
mat er i al s  wher eas t hey ar e al most  at  t he l evel  
of  <t1 val ues i n pl ane st r ai n f or  dense mat er i al s.  
I t  i s not i ced t hat  soi l s hav i ng hi gh 0 ' val ues 
i n t r i ax i al  compr ess i on have al so l ar ge var i a ­
t i ons i n <)>' .

A pot ent i al l y  usef ul ,  semi - empi r i cal  r el at i on­
shi p has been f ound t o r epr esent  t he peak 
st r engt h behav i our  of  cohesi onl ess soi l s af t er  
an exami nat i on of  dev i at or i c  st r ess component s;

. 2 . , , , , 2
(ai a ’ )'

<a2 , ' 2 ,
oct ( 1 )

~ ro 
b  

.  + 

t r

Fi g.  2 Compar i son of  t he Two Test s Car r i ed 
out  i n Two Di f f er ent  Modes

r ef er enced above,  di f f er ences i n f r i c t i on angl es 
and st r ai ns wi l l  appear  t hr oughout  t he i nt er ­
medi at e st r ess space,  and t hey must  be accept ed 
as t he ef f ect s due t o var y i ng exper i ment al  t ech­
ni ques.  " Fi el d el ement "  i s r epr esent ed by sanpl e 
i n t est i ng appar at us.  Ther e ar e some f undamen­
t al  quest i ons her e;  I s t he el ement  r epr esent ed 
cor r ect l y  i n t he t est i ng appar at us as f ar  as t he 
st r ess- s t r ai n boundar y condi t i ons i n t he soi l  
mass ar e concer ned? What  i s t he r el evance of  t he 
behav i our  obser ved i n var i ous exper i ment al  
pr ogr ams t o t he " t r ue"  behavi our ? I t  seems t o t he 
Wr i t er  t hat  nei t her  t he t est s i n t he f i r st  mode 
nor  i n t he second mode r epr esent  t he " t r ue"

wher e . The shape of  t he f ai l ur e

sur f ace def i ned by Eq. l  i s shown on an 
oct ahedr al  pl ane t oget her  wi t h ot her  cr i t er i a i n 
Fi g. 4.  Exper i ment al  dat a obt ai ned i n t hi s st udy 
ar e al so pr esent ed.  Eq. l  i s pl ot t ed f or  <t>' = 39°  
i n t r i ax i al  compr ess i on i n Fi gs . 3 and 4.  
Anal y t i cal  st udy of  Eq. l  can be seen i n Er gun 
( 1976) .  Act ual  6 val ues measur ed i n t hi s and 
ot her  st udi es wer e exami ned and f ound t o be 
pr act i cal l y  const ant  f or  al l  st at es.  Ther ef or e
6 val ues obt ai ned i n t r i axi al  compr ess i on t est s 
may be used t o pr edi ct  t he change i n <|>' , and 
t hi s i s a conveni ence because most ,  l abor at or i es 
do not  have gener al i zed t es t i ng equi pment .

0  2  4  6  8  \ § 2

b=(cr2-a' 3)/ (a; ' -crj )

Fi g.  3 Var i at i on of  wi t h Change of  
I nt er medi at e St r ess Det er mi ned 
by Var i ous Resear cher s

©  Proctor and Barden (1 9 6 9 ),dense,nocorrs^ N

©  and ©Sutherland and Mesdary (1969) and loose,no'' 
corr

© a n d  ®  Lade (1972), dense and loose, no Ooctcorr 

Lomize et.al (1969),Coct = const.

and Rawat (1973), dense, measured

and ®  Ergun (1976) dense and 

loose volcanic sand, corrected 

- - - - - - - - - 1- - - - - - - - - 1- - - - - - -
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Fi g. 4 Fai l ur e Loci  Shown on a 60° -  
Sect or  of  an Oct ahedr al  Pl ane

CONCLUSI ON

Resul t s obt ai ned i n t he pr esent  and t he ot her  
st udi es i n gener al i zed t est i ng have been exami ­
ned t oget her  wi t h t he t ype of  des i gn of  appar a­
t us and t he met hod of  t est i ng.  I t  i s concl uded 
t hat  t he di ver s i t y  of  t he change of  f r i c t i on 
angl e wi t h i ncr eas i ng i nt er medi at e pr i nc i pal  
st r ess espec i al l y  af t er  pl ane st r ai n st at e i s 
par t l y  due t o di f f er ent  ways of  i mposi t i on of  
st r ai ns and/ or  st r esses t o sampl es and par t l y 
due t o di f f er ent  desi gns.  St r ai ns ar e al so 
af f ec t ed si gni f i cant l y.  The most  pr obabl e 
var i at i on of  f r i c t i on angl e wi t h i ncr easi ng 
i nt er medi at e st r ess i s dec i ded upon and a 
f ai l ur e cr i t er i on i s pr oposed.
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