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Be h a v i o r  o f  Gr a n u l a r  Me d i a  Su b j e c t e d  t o Sh e a r  St r e s s

Le C om po rtem ent d'un Milieu Granulaire dû aux E ffo rts  de Cisaillem ent

C. A. CULLAS Mi ni steri o de Agri cul tura,  Li ma,  Peru

SYNOPSI S One oF the most  i mportant featares rel ated to the behavi or granul ar medi a is the strength of  the l imi t of  fai - 
l ine, whi ch al l ows the anal ysi s of  the degree of  stabi l i ty of  fill structures for a better zoni ng of  constructi on materi al s. 
Adopt i ng the maxi mum shear stress theory of  Coul omb-Mohr ,  the shear angl e 0 con be obtai ned experi mental l y,  depend­
i ng of  the geometri c characteri sti cs of  the medi um,  of  the rock genesi s and the state of  stress. The series of  experi ments 
of hraxial tests wi th di ameter D = 22cm.  and of  si mpl e shear L = 15cm.  and 30cm, ,  lets general  equat i ons be obtai ned for
0 in the l imi t of  normal  stresses whi ch do not cause the breaki ng of  the parti cles when G < 2 Kg/ cm and greater, con 
siderîng the physi cal  - mechani cal  factors oF the medi a.

I NTRODUCTI ON

Besides the consi derat i ons rel ated to mi ni mum di mensi ons 
of the apparatus wi th respect to the wei ghted di ameter of  
the Fracti on, it is wel l  known that the val ue of  0 de­
pends on the fol l owi ng Factors : state of  stress of  the me 
di um O ; compressi ve strength of  the grains, Oc ; rel a­
tive densi ty, Dr;  coeff i ci ent of homogenei t y,  r  ̂ ; rough 
ness Form, Fr; and di ameter dso of  the Fraction. There 
is great agreement  of  opi ni ons of  the i nf l uence of  each 
of the aforement i oned factors on l-he val ue 0 , but  not  
oF the i nf l uence oF the effect of  the si ze of  parti cles.

As a resul t of  thei r works,  Lewi s (3), Raskasov, Petrov 
(1) consi der that, as the si ze oF the fracti ons grows,  0 
also grows; Bi shop, Val l erga (3), Gordi enko,  Si dorov (1) 
have the opi ni on that 0 does not  change as the di ame­
ter of  the fracti on varies; Rowe,  Lesl ie, Ki rpratri ck, - 
Marsal ,  Marachi  and others (3) consi der that the val ue 
of  0 i ncreases as the si ze of  the Fracti on decreases.

In order to obtai n the general  equat i on,  it was necessary 
to anal yze these three l eani ngs in ranges for whi ch the 
di mensi ons of  the apparatus di d not i nf l uence the experj  ̂
mental  resul ts, and afterwards ascertai n the degree of  - 
compati bi l i ty of  the obtai ned data.

PRI OR TESTS

Tests were made in bi gger si ze si mpl e shear and triaxial  
apparatuses wi th fractions From 0. 6 mm.  to 40 mm. ,  in 
order to determi ne the i nf l uence of  each of  the factors, 
maki ng constant the vari abl es not  bei ng anal yzed.  In 
the first series, wi th smal l  pressure ( 0 < 2 Kg/ cm ), at 
the end of  the experi ment  parti cles of  the medi um are 
not modi f i ed.  The rel ati ve i nf l uence oF D/ d5Q,  of  the 
di mensi ons of  the apparatus, and of  the fraction on the 
val ue of 0 are shown on Fig. 1. For si mpl e shear tests, 
it is not i ced that for val ues of  the D/ d5Q ratio greater
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Fig. 1 Inf l uence cf  the J¡ l en&i cns of  t he ' i ^aratus cn0

than 4 0  -  60,  the val ue of  0 turns constant.  The same 
tendency is seen in the triaxial  tests - when D/ d̂ g is grea 
ter than 10 - 20,  the val ue of  0 is constant.  These re­
sul ts gi ve the mi ni mum relati ve di mensi ons necessary to pro 
duce true resul ts, whi l e in the l ower l imits oF these ranges, 
greater val ues of  0 than the real  ones are obtai ned.  For 
fractions havi ng a l arge coeff i ci ent , this relati on is mai n 
tained, so it is i ndi spensabl e to take this into account ,  be 
sides of  the we I I known ratio D/ dmax 5 ( 2) .

For the series of  experi ments under pressures whi ch break 
the edges of  the grains and the grai ns themsel ves (diori ta 
5 mm.  and 10 mm.  fractions), keepi ng other factors cons­
tant, O = 16 Kg/ cm̂ was obtai ned and equal  relati ve 
strains in the process of  the experi ment  and equal  modi f i ed 

coeff i ci ent after the test. In the teste, it is f requen­
tly found that For fractions of  the same rock genesi s (Fi g.2) 
when the fracti on di ameter is changed,  the form coeff i ci ent
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Cp,  al so changes.  This modi f i es the mi ni mum porosi ty li ­
mi t, al l owi ng a greater degree of accommodat i on of  the - 
part i cl es of fbe medi um and,  l ogi cal l y, i nf l uenci ng the - 
val ue oF 0 . In no case shoul d it be consi dered as an 
i nf l uence on the fraction size, but  onl y on its form.
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Fig. 2 Change o f  fo rm  o f  th e  p a rt ic le s  of a

ANALYSIS OF THE TESTS

Taki ng as premi se the resul ts previ ousl y obtai ned,  tests in 
triaxial  apparatuses were carri ed out. From the resul ts oF 
normal  atresses 0 ^ 2  Kg/ cm2/ tendency curves were ob­
tai ned for angul ar and semi angul ar materi al s (Fi g.3), and 
rounded material s (Fi g.4). It shoul d be ment i oned that the 
i ncrement  of  ^ n°F al ways favors the val ue of 0 ; there are 
cases for smal l  relati ve densi ti es in whi ch 0 decreases as 
r̂  i ncreases.
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Fig 4 0  = f ( r j , D r )  func tion  o f cobbles,

wi se for relati ve densi ties greater than 80%,  whi ch- - —
are di ffi cul t to attai n in l aboratory for val ues of  0 in prac 
tical cases, the resul ts obtai ned Fall wi thi n the l imi ts of  
the experi ments.  For angul ar materi al s, wi th *2 ^  15,
Oc = 700 - 1000 Kg/ cm2, havi ng a compact  state, the 
equat i on 0 -  44. 5 - 0. 18 0 + 12.7/q  was obtai ned.  These 
val ues shoul d be conected by 0{Oq)=\9.2 (1000 -Oe)/ foc 
when the compressi ve strength of  the grains of  the medi um 
has some i nfl uence.

CONCLUSI ONS

Addi t i onal l y to the D/ dmax ^  5 ratio, the dependence 
of the wei ght ed di ameter d50 •’he ki nd of  apparafus - 
bei ng used shoul d be consi dered.

The angl e 0 stays constant as the fracti on si ze changes,  
al l owi ng the use oF smal l er fracti ons in test model l i ng and,  
thus, the use of  medi um range triaxial  apparatuses.

The degree of  compressi bi l i ty is the most  i mportant factor 
affecti ng tbe behavi or of  the parti cl e, thus conf i rmi ng that 
selection of fracti ons is not basi c for obtai ni ng greater shear 
strength.

At  great pressures, the granul ar medi um has another beha­
vi or; for cl ean sampl es aF angul ar materi al s and val ues of
0, 7 15, has little effect on the val ue of  0 . Li ke -
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Fig. 3 = f  (r£ , D r) func tion  fo r angular (------ ) ,

and fo r  semiangular ( ......... ) m a te ria ls .
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