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The D irectional Shearing Cell
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SYNOPSI S Thi s ar t i c l e descr i bes an appar at us capabl e of  appl y i ng nor mal  and shear  st r esses
uni f or ml y  t o f our  f aces of  a cubi cal  sampl e under  pl ane st r ai n t es t i ng condi t i ons by means of  f l ex ­
i bl e boundar i es.  Loose sand sampl es ar e pr epar ed by pour i ng t hr ough ai r  t o pr oduce a voi d r at i o 
of  0, 72 ± 0, 03.  I nher ent  ani sot r opy i s avoi ded by pour i ng per pendi cul ar  t o t he pl ane st r ai n si des.  
St r ai n measur ement s  ar e made f r om phot ogr aphs and r adi ogr aphs t aken af t er  each l oad i ncr ement .  Re ­
sul t s on l oose Lei ght on Buzzar d Sand i ndi cat es t hat  s t r ess- s t r ai n- s t r engt h behav i our  i s not  i nf l uen­
ced by t he di r ec t i on of  t he maj or  pr i nc i pal  st r ess ( 0' =const =40° ± 1° ) .  Thi s conf i r ms t hat  t he edge 
ef f ect s and st r ai n' s  non- uni f or mi t y  wi t hi n t he sampl es ar e negl i gi bl e.  Fai l ur e pl anes ar e or i ent ed 
at  {45°  -  1/ 4 (v + 0' ) }  t o t he maj or  pr i nc i pal  st r ess axi s.  ( Wher e v i s di l at i on angl e) .

I NTRODUCTI ON

The successf ul  pr edi c t i on of  f i el d per f or mance 
based on l abor at or y  t est  r esul t s r equi r es a 
j udi c i ous dupl i cat i on of  t he i ni t i al  and i nc r e­
ment al  st r esses encount er ed by var i ous soi l  
el ement s i n t he f i el d.  Ex i st i ng st r ess pat h 
met hods ( Lambe,  1967}  account  f or  t he changes i n 
magni t ude of  t he st r esses.  On t he ot her  hand,  
t he ef f ect  of  changes i n pr i nc i pal  st r ess di ­
r ect i ons cannot  be det er mi ned i n t he l abor at or y 
by means of  ex i s t i ng equi pment  because of  t he 
di f f i cul t i es  assoc i at ed wi t h cont r ol l i ng and 
changi ng t he pr i nc i pal  st r ess di r ect i on.  I n 
t he convent i onal  t r i ax i al  and t r ue t r i ax i al  ap ­
par at us ( Bi shop and Henkel ,  1975;  Ko and Scot t ,  
1967;  Dunst an,  1968;  Gr een,  1969 and ot her s)  
pr i nc i pal  di r ect i ons cannot  be changed.  The 
Di r ect  Shear  Box ( Lambe,  1951)  and t he Cambr i d ­
ge Si mpl e Shear  Appar at us ( Roscoe,  1953)  al l ow 
r ot at i on of  maj or  pr i nc i pal  st r ess,  but  t he r o ­
t at i on cannot  be cont r ol l ed.  Onl y t he hol l ow 
cy l i nder  ( Br oms and Casbar i an,  1965)  i s capabl e 
of  cont r ol l i ng r ot at i on but  suf f er s f r om t he 
non- uni f or mi t y  of  st r esses and st r ai ns acr oss 
t he sampl e.

A successf ul  appar at us r equi r es uni f or m nor mal  
and shear  st r esses t o be appl i ed t o t he sampl e 
by means of  f l ex i bl e boundar i es i n or der  t o al ­
l ow compl et e f r eedom of  def or mat i on.  Any de ­
s i r ed r ot at i on of  t he maj or  pr i nc i pal  st r ess 
di r ec t i on can t hus be achi eved wi t hout  sac r i f i ­
c i ng t he uni f or mi t y  of  st r esses and st r ai ns.
At  pr esent ,  t he pr act i cal  compl i cat i ons i mposed 
by such boundar y condi t i ons appear  t o l i mi t  i t  
t o pl ane st r ai n condi t i ons.  Such an appar at us 
was devel oped at  Uni ver s i t y  Col l ege,  London,  
f or  t es t i ng dense sands.  ( Ar t hur  et  al  1977a,  
1977b,  1980) 1 Thi s ar t i c l e descr i bes a Di r ec ­
t i onal  Shear i ng Cel l  bui l t  on t he same pr i nc i ­
pl es,  but  capabl e of  t est i ng l oose sand t o t he 
l ar ge st r ai n l evel s r equi r ed t o r each f ai l ur e 
wi t hout  sacr i f i c i ng uni f or mi t y  wi t hi n t he sam­
pl e.  ( Unt i l  = 16% maj or  pr i nc i pal  St r ai n) .

DESCRI PTI ON OF THE APPARATUS

Fi g.  1 shows i somet r i c  v i ews of  t he appar at us.  
The i mpor t ant  f eat ur e of  t hi s cel l  i s t he capa­
bi l i t y  of  t he boundar i es t o conf or m wi t h t he 
changi ng shape of  t he sampl e dur i ng t est i ng by 
adj ust i ng:  1)  The l ocat i on and or i ent at i on of  
t he back i ng pl at es and hence al l owi ng l ar ge 
st r ai ns wi t hout  st r ess concent r at i ons at  t he 
cor ner s,  and 2)  The di r ec t i on of  t he shear i ng 
sheet s t o keep t he shear  st r ess al i gned wi t h 
t he sampl e si des.  I n addi t i on gl ass panel s i n ­
ser t ed i n t he pl ane st r ai n si des enabl e sampl e 
def or mat i ons t o be measur ed by means of  phot o ­
gr aphy.  The di f f er ent  component s  of  t he cel l  
ar e descr i bed i n det ai l  by ( Rodr i guez del  
Cami no,  1977)  and summar i zed bel ow:

Pr essur e Bags (2) *

Nor mal  st r esses ar e appl i ed t o t he sampl e by 
means of  r ei nf or ced r ubber  bags , t hat  can be 
pr essur i zed wi t h wat er .  Each pr essur e bag c on ­
s i st s of  t hr ee smal l er  bags of  107 x 100 x 10 mm 
each,  gl ued t oget her .

Adj ust abl e Backi ng Pl at es (3 )

The f r eedom of  t he back i ng pl at es t o move l a­
t er al l y  ( 28 mm)  r equi r es each pl at e t o have t wo 
ver t i cal  s l ot s as shown i n Fi g.  1.  A St eel  r od 
( 5 ) i s i nser t ed t hr ough each sl ot ,  and i s f i xed 
t o t he t op and bot t om pl ane st r ai n pl at es.

Pl ane St r ai n Si des ©

The t op and bot t om pl ane st r ai n si des ar e i den­
t i cal  and consi st  of  a squar e dur al l umi ni um 
f r ame wher e a gl ass pl at e i s i nser t ed.  Two 
sl ot s i n each si de of  t he pl at e at  90°  t o t he 
ones on t he back i ng pl at es al l ow:  1)  The i nser ­
t i on and f i xat i on of  t he st eel  r ods (5) , and 2)  
The t r ans l at i on and r ot at i on of  t he backi ng 
pl at es (3) i n or der  t o obt ai n t he des i r ed pos i ­
t i on.  Pl ane st r ai n i s mai nt ai ned by f our  ad­
j ust abl e st eel  r ods (T) l i nk i ng t he t op and bot ­
t om pl at es.
* Enci r c l ed number s r ef er  t o number s on Fi g.  1
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PART No.  DESCRI PTI ON

(T)  St eel  r ods t o mai nt ai n pl ane st r ai n.

( 2 ) Pr essur e bags.

( 3 )  Adj us t abl e back i ng pl at e.

(4)  Ret ai ni ng vanes.

( 5 ) St eel  r ods t o gui de t he back i ng pl at es.

(5)  Pl ane st r ai n si des.

©  Wi ng scr ews t o f i x t he back i ng pl at es.

(8)  Shear i ng s heet s .

(?)  Wat er  pr essur i zed cyl i nder s.

(Q)  Fr ame at t achi ng pi s t ons t o s heet s .

@  St eel  f r ame suppor t i ng t he appar at us .

(Q  Br acket s t o secur e t he pl ane st r ai n box.

Q  Cl amp t o pr event  movement  of  box.

(0)  Semi - c i r cul ar  r ai l  t o suppor t  cyl i nder s.

@  Syst em of  bal l  bear i ng,

@  Cl amps t o pr event  movement  of  cyl i nder s.

Fi g.  1 I somet r i c Vi ews Of  Par t  Assembl ed Box
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Shear i ng Sheet s (I )

The shear i ng sheet s ( Ar t hur  et  a l , 1977a,  1980)  
descr i bed her e f or  compl et eness, ar e des i gned t o 
appl y a uni f or m shear  st r ess over  t he ver t i cal  
f ace of  t he sampl e.  Thi s uni f or m shear  com­
bi ned wi t h a uni f or m nor mal  st r ess shoul d r e ­
sul t  i n uni f or mi t y  of  st r esses t hr oughout  t he 
sampl e.  I n or der  t o pr ovi de a uni f or m nor mal  
st r ess,  t he sheet s have t o be f l exi bl e,  and t o 
pr ov i de shear  st r ess t hey need t o be r i gi d i n 
t he shear i ng di r ect i on.  Fur t her mor e,  t o pr o ­
v i de t he uni f or m shear  st r ess t hey need t o 
t r ansmi t  numer ous shear  f or ces of  equal  mag ­
ni t ude at  di f f er ent  poi nt s on t he f ace of  t he 
sampl e.  The adopt ed desi gn shown i n Fi g.  2 
consi st s  t her ef or e of :  1)  An out er  set  of  i n-  
ext ens i bl e heav i l y  r ei nf or ced r ubber  pul l i ng 
sheet s t o t r ansmi t  t he f or ce suppl i ed by t he 
pr essur i zed cy l i nder s ( 9) ,  2)  A ser i es of  un ­
r ei nf or ced r ubber  st r i ps,  gr eased wi t h a spe­
ci al  s i l i cone l ubr i cant  ( Ar t hur  and Dal i l i ,
19 79) ,  ar e gl ued t o t he out er  r ei nf or ced r ubber  
s heet s , t r ansmi t t i ng shear i ng f or ces t o a t hi n 
unr ei nf or ced squar e i nner  r ubber  sl eeve.  The 
l ar ge f l ex i bi l i t y  of  t he r ubber  st r i ps,  el ast i c  
at  st r ai ns i n excess of  300%,  pr ovi de a r eason­
abl e uni f or m di s t r i but i on of  shear  st r ess al ong 
each st r i p,  and 3)  An i nner  r ubber  s l eeve 
whose di mensi ons ar e equal  t o t he si des of  t he 
sampl e.  Thi s i nner  s l eeve i s t hor oughl y  
c l eaned and t hen pl aced i n cont act  wi t h t he 
sampl e membr ane,  so i t  ser ves t o t r ansmi t  shear  
di r ect l y  t o t he sampl e ( t r act i on r ubber  t o r ub­
ber )  and as a bar r i er  t o pr event  gr ease pen ­
et r at i ng t o ar eas wher e t r act i on i s needed.

f aces of  t he sampl e,  t hus pul l i ng sheet s must  
i nt er sect  each ot her .  Thi s i s achi eved by 
cut t i ng away al t er nat e wi dt hs of  t he r ei nf or ced 
pul l i ng sheet s at  6 mm i nt er val s ( See Fi g.  2) .  
Wi t h t he shear i ng sheet s cut  i n t hi s manner  t he 
shear  f or ce i s equal l y  di s t r i but ed over  t he 
sampl e.  The unr ei nf or ced and r ei nf or ced r ub­
ber  st r i ps i n t he neut r al  ar eas ar e l ef t  i n po ­
s i t i on so t hat  t he nor mal  st r ess can be t r ans ­
mi t t ed uni f or ml y  acr oss t he shear i ng sheet s t o 
t he sampl e.  These neut r al  ar eas al so hel p t o 
st abi l i ze t he l oaded st r i ps by keepi ng t hem i n 
pos i t i on.

Wat er  Pr essur i zed Cyl i nder s (9)

The shear  f or ce i s appl i ed t o t he shear i ng 
sheet s by means of  f r ame ( Q at t ached t o a 
pi st on,  as shown i n Fi g.  1.  The pi s t on i s 
encased i n an acr y l i c  cy l i ncer  wi t h an i nt er nal  
l engt h of  136 mm.  The pi s t on i s l oaded bv 
pumpi ng wat er  i nt o t he cyl i nder .

Suppor t  Of  The Appar at us

The shear i ng cel l  i s suppor t ed by a st eel  f r ame 
Q)  as shown i n Fi g.  3.

SHEAR LOADED AREAS

SERIES OF CUTS THROUGH REINFORCED PULLING 

SHEETS AND UNREINFORCED RUBBER STRIPS 

(NOT THROUGH INNER RUBBER SLEEVE)

Fi g.  2 Shear i ng Sheet s

The descr i pt i on pr esent ed so f ar  woul d appl y 
onl y  i f  one f ace of  t he sampl e i s shear ed.  
However ,  shear  st r esses must  act  al ong al l  f our

Fi g.  3 Over al l  Vi ew Of  Appar at us

The pl ane st r ai n box i s f i t t ed i nt o t wo br acket s 
Q  whi ch secur e i t  t o t he f r ame.  When t he 

box i s i nser t ed bet ween t hese br acket s,  mov e ­
ment  i s pr event ed by means of  c l amp Q  scr ewed 
agai nst  each cor ner  of  t he box.

At  each end of  t he st eel  f r ame i s f i xed a semi ­
c i r cul ar  gui de r ai l  ^  necessar y  t o move t he 
shear i ng cy l i nder  as t he sampl e changes shape.  
Cl amps @  pr event  movement  of  t he cyl i nder s 
once t hey have been al i gned wi t h t he sampl e 
s i des .

The whol e appar at us i s mount ed on a t ubul ar  
f r ame whi ch al so i ncor por at es an adj ust abl e sup­
por t  f or  t he camer a t o al l ow i t  t o be cent er ed 
ver t i cal l y  over  t he sampl e.  The t est i ng ap ­
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par at us was bui l t  at  t he wor kshop of  t he Uni ­
ver s i t y  Col l ege,  London.

EXPERI MENTAL PROCEDURE

I t  i s onl y possi bl e t o var y  t he di r ec t i on of  
t he pr i nc i pal  st r esses bet ween 0°  and 90° ,  or  
90°  and 180°  once t he shear i ng sheet s have been 
pl aced ar ound t he sampl e.

Fi g.  4 shows a cubi cal  sampl e wi t h t he assoc i a­
t ed st r esses,  and Mohr ' s  c i r c l e of  t he st r ess 
bef or e and af t er  sampl e def or mat i on.

CUBICAL SAMPLE WITH ASSOCIATE STRESSES

Fi g.  4

Sampl e Pr epar at i on

A cubi cal  sampl e of  sand i s enc l osed i n a t hi n 
unr ei nf or ced r ubber  membr ane ( Menzi es and Phi l ­
l i ps,  1972)  cont ai ni ng a gr i d of  per pendi cul ar  
l i nes.  Two acr y l i c  pr i sms ar e gl ued t o di a ­
gonal l y  opposi t e edges of  t he r ubber  membr ane 
wher e t he i nt er l eav i ng shear i ng sheet s cr oss.
The set  of  shear i ng sheet s ar e pl aced ar ound 
t he f our  f aces of  t he sampl e dur i ng an i ni t i al  
negat i ve pr essur e.  The sheet s and t he sampl e 
membr ane f aces ar e c l eaned t hor oughl y  t o pr o ­
v i de t r act i on.  The f our  nor mal  pr essur e bags 
ar e wel l  gr eased,  wi t h t he speci al  s i l i cone l u­
br i cant ,  and t hen pl aced ar ound t he sampl e.
The sampl e i s pl aced bet ween t wo wel l  l ubr i ca­
t ed pl at es whi ch mai nt ai n pl ane st r ai n.  The 
shear i ng sheet s ar e connect ed t o t he wat er  pr es ­
sur i zed cyl i nder s,  and t he sampl e i s t hen r eady 
t o be t est ed.

Cal cul at i ons Of  St r esses

Gener al l y  a t est ,  or  par t  of  a t est ,  ent ai l s 
appl y i ng a pr i nc i pal  st r ess i n a const ant  di r ec ­
t i on T.  Nor mal l y  t he mi nor  pr i nc i pal  st r ess i s 
hel d const ant  ( at  14 k N/ m2) and an i ncr ease of  
st r ess r at i o appl i ed,  suf f i c i ent l y  t o gi ve a 
smal l  i ncr ement  of  st r ai n.  The sampl e si des 
wi l l  t hen change i n di r ect i on by angl es a and 0 . 
I n or der  t o mai nt ai n t he maj or  pr i nc i pal  st r ess

di r ect i on const ant ,  angl es a and 8 have t o be 
measur ed,  and t he new st r esses assoc i at ed wi t h 
an i ncr eased st r ess r at i o appl i ed par al l el  and 
nor mal  t o t he sampl e f aces.  The st r esses whi ch 
t hen have t o be appl i ed t o t he sampl e f aces ar e:

l a 3 + cos 2  ( V- e)

I qt / gl—— | oj  cos 2 (' t ' *B)

Ta= I a */' <2 1 s e n 2  (' *' -«)

T .  = 1  l o j  sen2( 4' +6)
t> i ^ i

These ar e pr esent ed on t he Mohr  c i r c l e of  st r ess 
i n Fi g.  4.  I t  shoul d be not ed t hat  gener al l y  
( f or  S' ^  45° ) Ta and Tb wi l l  be of  di f f er ent  

magni t udes as a and 6  di f f er .  The angl es a and 
6 ar e measur ed wi t h a pr ot r act or  us i ng t he si des 
of  t he wi ndow f r ame on t he t op pl ane st r ai n 
pl at e as t he coor di nat e axes.  I t  i s essent i al  
t o appl y  st r esses r el at ed t o ext er nal  exes,  as 
sampl e r ot at i on cannot  be measur ed dur i ng a 
t es t .

Measur ement  Of  St r ai ns

The pr ocedur e of  det er mi ni ng st r ai n f r om t he co ­
or di nat es of  an ar r ay of  l ead shot s embeded i n 
soi l  i s now wi del y  accept ed i n soi l  mechani cs  
r esear ch ( Roscoe,  Ar t hur ,  and James,  1963) .  
Radi ogr aphs of  t he l ead shot  ar r ay ar e t aken af ­
t er  each l oad i ncr ement ,  and st r ai ns at  di f f e ­
r ent  l ocat i ons wi t hi n t he soi l  ar e cal cul at ed.

Al t hough t hi s t echni que i s ex t r emel y  successf ul ,  
t he i ni t i al  cost s f or  x - r ay t ubes and accessor y  
equi pment  put s i t  beyond t he r each of  many  soi l  
mec hni c s 1 l abor at or i es.  I n r ecent  year s some 
wor k  has been car r i ed out  us i ng phot ogr aph me ­
t hods t o measur e l ocal  st r ai ns ( But t er f i el d 
Har kness,  and Andr awes , 1970)  Us i ng bot h x- r ay 
and phot ohr aphy showed t hat  st r ai ns i n t he di ­
r ect i onal  Shear i ng Cel l  ar e uni f or m,  and t hat  
t he phot ogr aphi c  t echni que may  successf ul l y  be 
used al one.

The phot ogr ammet r i c  met hods whi ch have been used 
t hr oughout  t hi s wor k pr ovi de si mpl e and accur at e 
means f or  r ecor di ng and measur i ng di spl acement s 
wi t hi n a pl ane.

The accur acy  of  such measur ement s  depends on v a ­
r i ous f act or s such as t he scal e of  t he phot o ­
gr aph,  t he qual i t y  of  t he camer a,  t he al i gnment  
of  t he camer a wi t h t he speci men,  and t he accur a­
cy of  t he meassur i ng equi pment .  These l i mi t ­
at i ons wer e cons i der ed t oget her  wi t h t he human 
er r or  f act or .

A s t er eocompar at or  was used t o r ecor d t he co­
or di nat es of  t he mar ker s  f r om t he phot ogr aphs.  
The accur acy of  t hi s i nst r ument  i s ± 4. 10" 6 mt s.  
Nor mal l y  mar ker s  wer e pl aced 15 mm apar t .

Al l  t he above er r or s wer e f ound t o i nf l uence
cal cul at i ons by  0. 2% l i ner  st r ai n.  A comput er
pr ogr am based on ( James,  1972)  was used t o cal ­
cul at e t he st r ai ns.

EXPERI MENTAL RESULTS

I t  was cons i der ed possi bl e t hat  t he shear i ng 
sheet s bet ween t he nor mal  pr essur e bag and t he

7 6 8
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sampl e coul d have an i nf l uence upon t he st r ess 
di s t r i but i on appl i ed t o t he sampl e.  Thi s f ac ­
t or  coul d eas i l y  be checked i n V = 0°  t est s by  
compar i ng t he r esul t s f r om t wo t es t s , one i n 
whi ch t he shear i ng sheet s wer e i nc l uded and one 
i n whi ch t hey wer e absent .  The dat a i ndi cat ed 
t hat  t he pr esence of  t he shear i ng sheet s di d 
not  r epr esent  a not i ceabl e i nf l uence on t he 
sand behavi our .

Monot oni c  Loadi ng Test s

Test s wer e done i n whi ch t he di r ec t i on of  t he 
maj or  pr i nc i pal  st r ess was mai nt ai ned const ant  
f or  each t est  and t he sampl e l oaded monot oni c -  
al l y  t o f ai l ur e.  The maj or  pr i nc i pal  st r ess 
di r ec t i on var i ed f r om 0°  t o 45° ,  whi ch i s equi ­
val ent  t o t est s f r om 90°  t o 45° .  ( Fi g.  5a) .

' 8

Fi g.  5 Monot oni c  Loadi ng Test s ( 45° ^ ¥ %0° )

St r ess- s t r ai n r el at i onshi ps ar e pl ot t ed usi ng 
axes of  st r ess r at i o ver sus accumul at i ve maj or  
pr i nc i pal  st r ai n i ncr ement s.  A uni que l i ne 
was f ound t o r epr esent  t he whol e r ange of  t est s.

Compar i sons can be made bet ween t est s wi t h t he 
maj or  pr i nc i pal  st r ess di r ect i ons at  0°  and 45° .  
I n t he f i r st  case t he sampl e f aces di f f er  i n 
l engt h as st r ai n devel op,  wher eas i n t he second 
case al l  f our  f aces st r ai n equal l y.  Bot h of  
t hese t est s f al l  on one uni que s t r ess- st r ai n 
cur ve.  The t est  r esul t s  al so show t hat  al l  
equi pment  l i mi t at i ons ar e negl i gi bl e f or  st r ai ns 
up t o 16%.

Fi g.  5b pr esent s accumul at i ve manor  pr i nc i pal  
st r ai n i ncr ement s.  Al l  t he dat a agai n gi ve 
one uni que l i ne,  whi ch i s l i near  and def i ned by 
t he equat i on:

6 £ 3  = 0. 84 6 ei .

Or i ent at i on Of  Rupt ur e Layer s

Sampl es wer e l oaded i n t he Di r ect i onal  Shear i ng 
Cel l  unt i l  f ai l ur e pl anes devel oped.  Ther e­
af t er ,  phot ogr aphs and r adi ogr aphs wer e t aken 
of  each sampl e so t hat  t he or i ent at i on of  t he 
f ai l ur e pl anes coul d be det ect ed.  A posi t i ve 
of  a r adi ogr aph of  a f ai l ur e sampl e (V = 30° ) 
i s shown i n Fi g.  6 a.

Fi g.  6 a Radi ogr aph

Fi g.  6 b Phot ogr aph

Fi g.  6  Fai l ed Sampl e

The f ai l ur e pl ane i s assoc i at ed wi t h t he l i gh­
t er  r egi on i n t he f i gur e.  I t  was al so possi bl e 
t o det ect  f ai l ur e pl anes us i ng phot ogr aphy.
The f ai l ur e pl ane can eas i l y  be seen when t wo 
phot ogr aphs,  one pr i or  t o and one af t er  s l i p oc ­
cur s,  ar e super i mposed.  Fi g.  6 b shows such a 
super posi t i on.  Bot h i l l us t r at i ons i n Fi g.  6 

ar e f r om t he same t est ,  and i t  can be seen t hat  
bot h met hods gi ve f ai l ur e pl anes wi t h t he same 
or i ent at i on.

RELI ABI LI TY OF RESULTS

The f ol l owi ng i s a summar y of  t he checks and 
pr ecaut i ons t aken t hr oughout  t hi s wor k t o ob ­
v i at e t he poss i bi l i t y  of  er r or s:

1.  Sampl es wer e pr epar ed per pendi cul ar  t o t he 
pl ane st r ai n si des.  Homogenei t y  of  t he 
sampl es was checked us i ng r adi ogr aphy and al ­
so by det er mi ni ng t he voi d r at i o of  di scr et e 
uni t s whi ch had been sol i di f i ed us i ng a soap 
gr out i ng t echni que ( Assadi ,  1975) .  The voi d 
of  t he sampl es wer e f i l l ed wi t h a hot  l i qui d 
soap sol ut i on ( 1 0 0 0  cc of  wat er ,  1 2 0  gr ams of  
Laur i e aci d and 34 gr ams of  sodi um hydr oxi de)
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Af t er  2- 3 hour s of  cool i ng,  t he soap had so­
l i di f i ed and i t  was possi bl e t o cut  t he sam­
pl e i nt o smal l  cubes.  The voi d r at i o of  
each uni t  was cal cul at ed,  and f ound t o be 
0, 72 ± 0, 0 3 t hr oughout  t he sampl e.

2.  The s t r engt h and t he st r ess- s t r ai n r el at i on­
shi p f or  al l  t est s i n whi ch t he maj or  pr i n ­
c i pal  st r ess di r ec t i on was mai nt ai ned cons ­
t ant  up t o f ai l ur e,  gave a uni que st r ess-  
st r ai n cur ve i r r espect i ve of  t he val ues of  V. 

Conf i r mat i on of  t hi s s t r ess- s t r ai n r el at i on­
shi p was obt ai ned by compar i ng wi t h r esul t s 
f r om St r oud,  ( 1971) .

The angl e of  f r i c t i on f or  bot h dense and 
l oose Lei ght on Buzzar d sand obt ai ned i n t he 
Di r ect i onal  Shear i ng Cel l s ar e ver y c l ose t o 
t hose obt ai ned f r om ot her  appar at us at  s i mi ­
l ar  st r ess l evel s,  ( St r oud,  1971;  Assadi ,  
1975;  Ar t hur  et  al ,  1977a, b;  and Rodr i guez 
del  C,  1977) .

3.  I nt er nal  checks wer e made t o deci de whet her  
t he ef f ect  of  unl oadi ng sampl es af t er  r each­
i ng a cer t ai n st r ess r at i o coul d i nf l uence 
t he r esul t i ng st r ess- s t r ai n cur ve upon r e­
l oadi ng.  Checks wer e made by unl oadi ng and 
r el oadi ng wi t h t he maj or  pr i nc i pal  st r ess 
di r ec t i on hel d const ant .  The st r ess- s t r ai n 
cur ves f or  t hese t est s wer e i dent i cal  t o 
t hose i n whi ch t he sampl es wer e not  unl oaded.

4.  The appar at us was des i gned wi t h t he ai m of  
appl y i ng bot h nor mal  and shear  st r esses as 
uni f or ml y  as possi bl e over  al l  t he sur f ace of  
t he sampl e.  I t  was t hought  t hat  f l exi bl e 
boundar i es wer e best  sui t ed t o pr oduce uni ­
f or m st r esses.  However ,  a check on t he uni ­
f or mi t y of  st r ess cannot  eas i l y  be made di ­
r ect l y,  t her ef or e,  an i ndi r ect  appr oach was 
adopt ed.  I t  was cons i der ed t hat  i f  uni f or m 
st r ai ns coul d be obt ai ned t hr oughout  an i ni ­
t i al l y  homogeneous uni f or m sampl e,  t hen uni ­
f or m st r esses mus t  be act i ng on t he sampl e
t o pr oduce t hem.  Phot ogr aphs and comput er  
out put  show t hat  t he st r ai n i s uni f or m up t o 
f ai l ur e.  The hi gh degr ee of  uni f or mi t y  of  
st r ai ns i ndi cat es t hat  t he sampl e was f r ee 
of  ext r aneous appar at us i nt er f er ence,  and 
t hat  t he st r esses appl i ed t hr ough t he f l ex ­
i bl e boundar i es  ensur e a uni f or m st r ess di s ­
t r i but i on .

I t  was cons i der ed t hat  t he above checks wer e 
suf f i c i ent  t o show t hat  t he st r ess- s t r ai n r e ­
sul t s wer e aut hent i c.

CONCLUSI ONS

An appar at us capabl e of  appl y i ng nor mal  and 
shear  s t r esses uni f or ml y  t o each of  t he f our  
si des of  a cubi cal  sampl e under  pl ane st r ai n 
condi t i ons was devel oped.  I t  al l ows f r eedom of  
sampl e def or mat i on up t o 16% maj or  pr i nc i pal  
st r ai n.  The st r esses ar e appl i ed v i a f l exi bl e 
boundar i es . The wor k i ng r ange of  t he appar at us 
i s l i mi t ed t o 150 k N/ m2 .

Loose dr y sampl es of  Lei ght on Buzzar d Sand pr e ­
par ed by pour i ng t hr ough ai r  wer e t est ed.  The 
pl uv i at i on pr oduced a voi d r at i o of  0, 72 ± 0, 03.  
St r ai n measur ement s  wer e made wi t h an accur acy 
of  ± 0 , 2 % f r om phot ogr aphs t aken af t er  each 
l oadi ng i ncr ement .

The f r i c t i on angl e was measur ed t o be 0 '  = const .  
= 40°  ± 1° .  The or i ent at i on of  t he f ai l ur e 
pl anes f or  t est s i n t he Di r ect i onal  Shear i ng

Cel l  wer e compar ed wi t h f ai l ur e pl anes f r om 
ot her  f l exi bl e boundar y  appar at us.  For  bot h 
l oose and dense sampl es t he or i ent at i on of  t he 
f ai l ur e pl anes wer e i n al l  cases f ound t o be 
ver y near  t o ± Q45° -  1/ 4 ( v + 0' )  ] .
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