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SYNOPSI S.

C r u s h e d  s t o n e  g r a d i n g  h a s  b e e n  t r a d i t i o n a l l y  c o n s i d e r e d  a  f a c t o r  c o n t r o l l i n g  s h e a r  s t r e n g t h  a n d  c o m p r e s s i b i l i ­

t y .  T h i s  f a c t  i s  r e f l e c t e d  i n  m o s t  s p e c i f i c a t i o n s  f o r  t h e s e  m a t e r i a l s  a l l  o v e r  t h e  w o r l d .  I n  t h i s  p a p e r ,  r e s u l t s  

f r o m  a n  i n v e s t i g a t i o n ,  u s i n g  a  T r i a x i a l  T e x a s  C e l l  a n d  s p e c i m e n s  o f  s o u n d  c r u s h e d  b a s a l t  w i t h  v a r i o u s  g r a i n  s i z e  

d i s t r i b u t i o n s ,  a r e  p r e s e n t e d .  F r o m  t h e  r e s u l t s  o b t a i n e d  i t  i s  c o n c l u d e d  t h a t  t h e r e  i s  a n  " i d e a l ' 1 g r a d i n g  c o r r e s ­

p o n d i n g  t o  h i g h  s h e a r  s t r e n g t h  a n d  l o w  c o m p r e s s i b i l i t y ,  b u t  a l s o  t h a t  s u c h  d e s i r a b l e  c h a r a c t e r i s t i c s  a r e  l o s t  — - 

e v e n  f o r  a  s m a l l  d e v i a t i o n s  f r o m  t h e  " i d e a l "  g r a d i n g ,  f a l l i n g  t o  v a l u e s  w h i c h  b e c o m e  m u c h  m o r e  i n d e p e n d e n t  f r o m  

t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n .  B e i n g  t h i s  t h e  c a s e  a n d  k n o w i n g  t h a t  i n  a  r e a l  j o b  i t  i s  a l m o s t  i m p o s s i b l e  t o  o b  

t a i n  s u c h  a n  " i d e a l "  g r a d i n g ,  i t  s e e m s  t h a t  a n  e x t r e m e  r i g i d i t y  i n  t h e  g r a d i n g  r e q u i r e m e n t s  i s  p e r h a p s  u n r e a l i s ­

t i c .

1.  I NTRODUCTI ON.

C o n s t r u c t i o n  s p e c i f i c a t i o n s  f o r  r o a d s  a n d  a i r f i e l c f e  

i n  m o s t  c o u n t r i e s  p a y  m u c h  a t t e n t i o n  t o  t h e  g r a d i n g  -  

o f  t h e  c r u s h e d  s t o n e s  t o  b e  u s e d  a s  b a s e s  o f  f l e x i b l e  

p a v e m e n t s .  I n  s p i t e  o f  t h a t ,  t h e r e  i s  a  l a c k  o f  i n f o r  

m a t i o n  a b o u t  t h e  r e a l  i n f l u e n c e  o f  g r a d i n g .  T h e r e  i s  

a l s o  l i t t l e  k n o w l e d g e  a b o u t  h o w  t h e  f o u n d a m e n t a l  m e —  

c h a n i c a l  p r o p e r t i e s  v a r y  w i t h  g r a d i n g .

T h i s  p a p e r  d e s c r i b e s  a n  i n v e s t i g a t i o n  c a r r i e d  o u t  

a t  t h e  L a b o r a t o r y  o f  t h e  G e o t e c h n i c a l  D e p a r t m e n t ,  M i ­

n i s t r y  o f  P u b l i c  W o r k s ,  M e x i c o ,  D . F .  T h e  r e s e a r c h  w a s  

a i m e d  t o  d e f i n e  t h e  i n f l u e n c e  o f  g r a d i n g  i n  t h e  s h e a r  

s t r e n g t h  a n d  s t r e s s - s t r a i n  b e h a v i o u r  o f  c r u s h e d  s t o n e  

f o r  p a v e m e n t  b a s e s .

2 .  T E S T IN G  P R O C E D U RE .

A l l  s p e c i m e n s  t e s t e d  w e r e  b u i l t - u p  w i t h  a  s o u n d  —  

c r u s h e d  b a s a l t  o f  h i g h  q u a l i t y  ( T a b l e  i ) .  T h e  o r i g i n a l  

m a t e r i a l  w a s  d i v i d e d  i n  t e n  p o r t i o n s  o F  d i f f e r e n t  -  -  

s i z e s  b y  s i e v i n g .  U s i n g  d i f f e r e n t  q u a n t i t i e s  o f  e a c h  

p o r t i o n ,  s e v e r a l  g r a d i n g s  w e r e  p r e p a r e d .

TABLE I

C RU S H E D B AS ALT  C H A R A C T E R IS T IC S

L o s  A n g e l e s  R a t t l e r  T e s t  ( T y p e  A ) . . .. . .. . .. . .. . .. . .. . .. . .. . .. 8  %

L i q u i d  L i m i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  %

P l a s t i c  L i m i t . . . . .. . . . .. . . . .. . . . .. . . . .. . . . .. . . . .. . . . .. . . . .. .... . . . . . . . . . . . . . . . . . . . . . . 1 6  %

P l a s t i c i t y  I n d e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 $

F i g u r e  1 s h o w s  t h e  n i n e  g r a d i n g  c u r v e s  i n v e s t i - - - -

g a t e d .  O F  t h o s e  c u r v e s ,  t h e  o n e s  n a m e d  w i t h  n u m b e r s  -  

( f r o m  1 t o  5 )  c o r r e s p o n d  t o  t h e  f i r s t  p a r t  o f  t h e  i n ­

v e s t i g a t i o n ,  a n d  t h o s e  n a m e d  w i t h  l e t t e r s  ( F r o m  A  t o  

E )  c o r r e s p o n d  t o  t h e  f i n a l  p a r t .  I n  t h e  s a m e  f i g u r e  -  

a r e  s h o w n  t h e  b o r d e r  l i n e s  o f  t h r e e  g r a d i n g  z o n e s  ( l ,

I I  a n d  I I I )  w h i c h  t h e  M i n i s t r y  o f  P u b l i c  W o r k s  o f  Me ­

x i c o  u s e s  t o  c h a r a c t e r i z e  t h e s e  m a t e r i a l s .  I t  e s t a b —  

l i s h e s  t h a t  b a s e  m a t e r i a l s  s h o u l d  F a l l  w i t h i n  z o n e  I  

o r  I I  ( p r e f e r a b l y  i ) .

FIG. I GRADING CURVES INVESTIGATED.

A l l  s p e c i m e n s  w e r e  t e s t e d  u s i n g  t h e  T r i a x i a l  T e x a s  

C e l l  ( T e x .  1 1 3  E  T e s t  C a t a l o g u e  1 9 7 0 ) .  O n l y  r e s u l t s  -  

o b t a i n e d  w i t h  t w o  c o n f i n i n g  p r e s s u r e s  ( ° 3 = 0 . 7 0 3  a n d  -  

0 * 2 = 1 . 4 0 6  K g / c m ^ )  a r e  r e p o r t e d .  S h e a r  s t r e n g t h  r e s p D r a s  

i s  i n t e r p r e t e d  a s  t h e  d e v i a t o r  s t r e s s  c o r r e s p o n d i n g  -  

t o  t h r e e  s t r a i n s  ( ¿ ‘ = 1 . 2 5 % ,  5 = 2 . 5 % ,  S = 5 % ) .

I n  t h e  f i r s t  p a r t ,  f i v e  g r a d i n g s  w e r e  u s e d  t o  t x v e r  

a  w id e  r a n g e  o f  m a t e r i a l s  s o  t o  b r i n g  o u t  t h e  m a j o r  -  

t e n d e n c i e s  o f  s t r e s s  b e h a v i o u r .  S e v e n  s p e c i m e n s  o f  n °

1 ,  n °  2  a n d  n °  3  g r a d i n g s  w e r e  t e s t e d  u n d e r  e a c h  c o n ­

f i n i n g  p r e s s u r e ,  u s i n g  t h e  s a m e  m a t e r i a l  i n  e a c h  o n e  

o f  a l l  s e v e n  s p e c i m e n s .  I t  w a s  i n t e n d e d  t o  d e t e r m i n e  

t h e  c o n s i s t e n c y  o f  t h e  t e s t  r e s u l t s  a n d  a l s o  t h e  -  -
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structural degradation i f  any. Only one specimen of 
n° 4 and n° 5 gradings was tested for each confining 
pressure. All specimens were compacted within the —
triaxial cell, by means of a vibratory table, -------
operated at 3600 c.p.m., (cicles per minute) with vi­
bration amplitude of 0,63 mm, surcharge of 0,142 Kg/ 
cm̂ over the specimen and for a period of 8 minutes. 
Water content was 15% in all cases. The unit weigths 
obtained varied widely, growing smaller, as expected, 
as the material was finer or uniform. The maximum -  -  
grain size used was 38.1 mm ( 1 -g").

On the basis of the obtained results, i t  was de----
cided to run a detailed investigation around n° 1 -  -  
grading. Accordingly, materials from A to E were test 
ed. In fact, C material corresponds to n° 1 material. 
Six specimens of each of these materials were tested 
under each confining pressure. The laboratory work in 
eluded 145 specimens tested.

3. TESTING RESULTS.
3.1 First Part.

Figure 2 shows results as to shear strength for -  
the three deformation levels and for <*3=1.406 and — 
D.703 Kg/cm̂  confining pressures. (Similar curves —
were obtained for the other confining pressure). -----
Grading is characterized by the Santas Constant, de— 

Fined as:

Where:

Yi= Ordinate of grading curve corresponding to -------
i-sieve. 

n= Number of sieves used.

Roughly Santos Constant represents the area under 
the grading curve, corresponding a large value to a 
fine soil.

As seen, for a ll deformation levels, shear -  -  -  - 
strength varies sharply with grading, corresponding a 
large resistance to n° 1 grading. Gradings n° 2 and 3 
lead to minimum resistances. I t  should be noticed -  -  
that material n° 2 corresponds to a uniform gravel — 
and material n° 3 to a uniform sand, Materials n° 4 -  
and 5 have steppy grading curves, one being coarse — 
and the other fine.

Figure 3 shows typical stress-strain relationships 
under a conFining pressure of 1,406 Kg/cm̂ . I t  should 
be noticed the great qualitative difference in mecha­
nical behaviour as grading varies. This extraordinary 
sensibility leads to think on the importance of size
distribution, but also on the imposibility to over----
come the practical difficulties in a real job as to -  
come out with an ideal grading. Perhaps, the statisti 
cal variations in the field are big enough to deter— 
mine that a resistance, less than the optimum, is al­
ways obtained. IF such is the case, an extreme ccncern 
about an "ideal" grading is illusory, and designing - 
with the maximum resistance will be dangerous. I t  -  -  
seems that a more realistic attitude is to design and

ask for a size distribution within a certain range, -  
according to the job possibilities.

DEVI A T O R STRESS Kg/cm2
e, = 1.25 % e2 = 2.5% e 3 = 5 %

FIG. 2 STRESS-GRADING RELATIONSHIPS

FIG. 3 STRESS STRAIN RELATIONSHIPS

3,2 Second Part,

Figure 4 shows the variations oF the deviator -  - -  
stress, drawn against the Santos Constant, Again i t  - 
is reported for the same two confining pressures and 
For the three deformation levels as before. I t  can be 
seen how, even for gradings within such a narrow -  -  
limits, there is a significant quantitative differen­
ce between finer and coarser materials. This fact ----
points out the need for a review of the grading -  -  -  
acceptance criteria based on grading zones. In fact, 
Figure 4 shows that the resistance of a certain mate­
ria l inside zone I  can be as high as the double, or -  
even more, than that of a material in the upper -  -  - 
border. In the same figure, border limits between -  -
zones are plotted through their Santos Constant. ----

Values corresponding to the firs t part of the research 
are also platted as means of correlation.

Figure 5 shows the stress-strain relationghips oF 
materials from A to E, Again, remarkable differences
are present. Resistance response exhibited by mate----
rials so similar may be as high as 50%.

4. STATISTICAL ANALYSIS OF LABORATORY DATA.
As established before, six or seven tests were run
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DEVIATOR STRESS, Kg/cm2 
€ ,= 1.25 % € 2= 2.5 % 6 3 = 5%

FIG. 4 STRESS -  GRADING RELATIONSHIPS

STRAIN ( % )

FI G. 5 . — STRESS-STRAIN RELATIONSHIPS

for each same material. This large volume of data and 
the obvious dispersion of the values for the same cori 
ditions made i t  desirable to analize i t  statistical— 
ly. A simple mean value did not seem to be adecuate -  
and i t  was decided to give certain weigth to the num­
ber of specimens built with the same material and pre 
viously tested, as to take into account material -  —
variations. Accordingly, values for the deviator -----
stress were plotted against the ordinal number of the 
test repetition. The resulting points in a bidimensio 
nal space were correlated by means of linear regres— 
sion. The ordinate of this regression curve, corres—
ponding to the mean value of the number of repeti-----
tions, was taken as the mean value of the deviator — 
stress (®m) in the fashion shown in figure 6. The f i ­

gure also shows two typical regression curves, corres 
ponding to the general tendencies observed. Large dis 
persion of the triaxial test values is notorious, im­
plying that the test consistency is doubtful. The ----
effect of reusing the material, can also be seen. I t  
can be explained in terms of particle breakage be----

cause, in spite of the dispersion, a general tendency 
to lower values with repeating loading is clear.

NUMBER OF TEST REPETITION

B MATERIAL

NUMBER OF TEST REPETITION

FIG. 6 - CORRELATION CURVES TO ESTIMATE

THE MEAN VALUE
5. CONCLUSIONS.
-  Resistant response of the crushed material used,pr£ 
bably representative of many of those commonly used -  
as base materials, largely depends on the grain size 
distribution. Large differences as high as 100)6, can 
be registered even for materials with grading curves 
that engineering practice might consider as similar.

-  For each crushed material there seems to be an -----
"ideal" grading curve, corresponding to a high resis­
tant response. However, this response is so easily — 
lowered even for small changes in grading, that high 
optimum values can not be considered as a field -  -  -  
possibility. Design should then be based on resistan­
ce corresponding to a range of gradings accordingly -  
to field conditions in each job.

-  Specifying grading characteristics by relatively — 
wide zones must be reconsidered, or at least zones — 
must be established taking clearly into account the -  
intended use of the material.

-  Consistency of the triaxial test used seems to be - 
low. Within the frame of flexible pavement technolo— 
gy i t  is commonly discussed the consistency of C.B.R. 
and plate tests, but usually the triaxial tests are -  
less questioned. This fact can not be easily sustain­
ed.

-  Particle breakage is very important.
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