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A Comparison between the CBR and the Shear Strength 

Methods in the Design of Flexible Pavements

Comparaison entre la méthode CRB et la méthode de résistance au cisaillement pour le calcul 
de chaussées souples

by G . W i s e m a n , In g ., S. M ., D . Sc. (T ech .) , S en io r  L e c tu re r, 

a n d

J . G . Z e i t l e n , S. M ., P ro fe s so r  o f  S oil E n g in e e r in g  Is ra e l In s ti tu te  o f  T e ch n o lo g y , H a ifa , Is rae l

Summary

The in-situ strength of subgrade clays at over 150 test locations 
at three airfields in Israel was measured using vane, penetration, 
CBR, and unconfined compression tests. The sensitivity of the 
subgrade clays encountered was investigated and the clays 
were found to  possess from little to no sensitivity to remoulding. 
The ratio of maximum to minimum torque in the vane test was 
found to be unreliable as a measure of sensitivity for the clays. 
The static penetration resistance was correlated with the vane 
test and was found to be a good measure of shear strength when 
used with the appropriate bearing capacity factor. The rate of 
strain was found to be of considerable significance in evaluating 
shear strength.

It is shown analytically that for any combination of pavement 
thickness, total wheel load and tyre pressure the CBR required 
of the subgrade is numerically equal to eight times the maximum 
shear stress (kg per sq. cm) induced in the subgrade. For the 
clays tested, the in-situ CBR was found to be numerically equal 
to  4 times the in-situ shear strength (kg per sq. cm), and the use 
of a constant value for this coefficient is justified analytically. 
Based on the above two findings, the ratio of the maximum 
shear stress induced in the subgrade to  the shear strength which 
is implied when using the CBR design curves is analyzed.

The application of the concepts developed by the authors to 
the design of the total thickness of flexible pavements for clay 
subgrades, similar to those studied, is discussed.

1. Introduction

T he m ost w idely used m ethod o f  airfield flexible pavem ent 

design is the em pirical one developed and  verified under 

field cond itions by the U nited S tates C orps o f Engineers 

an d  know n as the C aliforn ia Bearing R atio  m ethod. H ow 

ever, a  m ethod o f  design for pavem ents on  clay  subgrades 

was p roposed by R. G l o s s o p  and  H. Q. G o l d e r  (1948), 

based on  shear strength . Basically the m ethod consists o f 

designing for a m inim um  thickness o f  flexible pavem ent 

so tha t the m axim um  induced shear stress does n o t exceed 

the shear strength . The problem  o f  the factor o f  safety to  

be used is a  particu larly  difficult one in view o f the repetitive 

and  transien t na tu re  o f the loading. A nalysis o f this problem  

is m ade by com parison  o f  the shear strength  m ethod with 

the m ethod using the C B R  pavem ent design thickness curves.

Such com parisons have in the past been hindered by :

(a) an  uncertain  position o f  the C B R  m ethod in relation 

to tyre p re s su re ; and

(b) the lim ited q u an tity  o f  evidence relating  C B R  to shear 

strength  for a range o f clay  subsoils ( S c a l a .  1956; R o b e n -

Sommaire

La résistance sur place (//? situ) des argiles a été mesurée en 
plus de 150 endroits sur trois aérodromes en Israël, à l'aide du 
CBR et de compression simple et à l'aide de scissomètres et de 
pénétromètres. La sensibilité au remaniement des argiles étudiées 
s'est montrée faible et même nulle. La relation entre les torsions 
maximum et minimum de l'essai au scissomètre s’est montrée 
peu sûre comme mesure de la sensitivité. Une corrélation a pu 
être établie entre la résistance à la pénétration statique et le 
résultat de l’essai au scissomètre. Et la résistance à la pénétration 
statique fournit une bonne valeur de la résistance au cisaillement 
si on l'emploie avec le facteur correct de la force portante. On a 
constaté que la vitesse de déformation avait une grosse influence 
sur la valeur de la résistance au cisaillement.

On en a déduit analytiquement que pour n’importe quelle 
combinaison d'épaisseur de revêtement de la charge totale par 
roue et de la pression des pneus, le CBR demandé au sous-sol 
a une valeur numérique de huit fois (approximativement) celle 
de la contrainte maximum de cisaillement (kg/cm2) produite 
dans celui-ci. Pour les argiles examinées le CBR in-situ a été 
trouvé égal, numériquement, à 4 fois la résistance in situ au 
cisaillement (kg/cm2) et l’emploi d 'une valeur constante pour 
ce coefficient est justifié du point de vue analytique.

Sur la base des deux résultats susmentionnés, le rapport entre 
la contrainte maximum dans le sous-sol et sa résistance au 
cisaillement qu'implique l'emploi du CBR, est analysé.

L'application des notions, développées par les auteurs à la 
détermination de l’épaisseur totale des routes sur des argiles 
semblables à celles étudiées, est examinée.

s o n  and L e w i s ,  1958). Publication  by W .  J. T u r n b u l l  

and R . G . A h l v i n  (1957) o f  a  m athem atical expression o f 

the CBR relationships, including ty re  pressure as a conti

nuous variable, elim inates the first difficulty. T he w ork, 

partially  reported  here, correlating  in s itu  C B R  to  in situ  

shear strength  for clay  subsoils provides a relationship 

between C B R  and shear strength  for a  range o f  clay sub 

grades and  helps to elim inate the second difficulty.

The correlation  studies reported  are  based on in s itu  

studies at three airfields in Israel, involv ing  m ore than  150 

test pit locations under existing pavem ents ( W i s e m a n ,  1959).

2. D escription of soils

The soils encountered  in the subsoil studies a t the three 

sites were swelling type clays, o f  in term ediate  to  high plas

ticity (Table I). The natu ra l m oisture con ten t was in general 

equal to o r g reater than  the plastic limit. The degree of 

sa tu ra tion  was abou t 90 per cent.
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Table  1

Cl ass i f i cat ion t est s. Ai r f i el d s ubgr ades

A irf iel ds

B

Allerberg L im its  

Li q u i d  Li mi t  (per  cent ) 

Pl as t i c Li mi t  (per  cent ) 

Pl ast i ci t y Inde x (per  cent ) 

Shr i nka ge  Li mi t  (per  cent )

39- 54

17- 22

19- 32

48- 62

20- 25

31- 41

7- 10

65- 80

28- 32

37- 51

7- 9

Speci f i c  Gr a v i t y  o f  Sol i ds 2- 72 2*70 2- 63

Mecha n ical A nalys is

Sa n d  O f  4 - rr- 200) (pe r  cent ) 4 5 0

Sil t  (?= 200- 5</) (per  cent ) 46 32 43

Cl a y  ( <  5«)  (per  cent ) 50 63 57

Cl a y  ( <  2«)  (per  cent ) 40
55

46

Fr ee  Swel l  Tes t  (per  cent ) 63- 75 64- 92 97- 114

ci r cul a r  f oo t i ngs , a s  t he de p t h  o f  pe ne t r a t i on  i nc r ea s ed 

f r o m ze r o , t he  r a t i o o f  be a r i ng  c a p a c i t y  t o s hea r  s t r engt h 

(N c )  i nc r ea s ed f r o m 6*2 t o 9- 0. F o r  s eve r a l  yea r s  t he  a ut hor s  

h a v e  b e e n  us i ng  s t at i c p e ne t r ome t e r s  t o e va l ua t e  t he  s he a r  

s t r engt h wi t h  c l a ys  o f  h i g h  degr ees  o f  s a t ur a t i on, h a v i n g  

a  na t ur a l  mo i s t u r e  c o n t e n t  o f  a b o u t  t he  pl as t i c  l imi t . O n  

s ever a l  oc c a s i ons  wh e n  t he  s t at i c pe ne t r a t i on  r es i s t ance  ha s  

be e n  c or r e l a t ed i n  t he  fiel d wi t h  v a n e  t es t s , t he  be a r i ng  

c a p a c i t y  f ac t or  (N c )  h a s  b e e n  f o u n d  t o be  a b o u t  10 f o r  e n d  

be a r i ng  pl at es  o f  a r e a s  r a ng i n g  f r o m 0- 3 t o 4- 0 s q . c m  o f  

a r ea . I n  Fi g . 1 a r e  s h o wn  t he  r esul t s  o f  a  s t at i s t i cal  s t u dy

3. Sensitivity of the subsoil clays

By  m a n u a l  i ns pec t i on t he  s ubs o i l  c l a ys  i nves t i ga t ed a p 

p e a r e d  t o b e  i ns ens i t i ve  t o r e mo u l d i n g . Ho we v e r ,  t he  s e n 

s i t i vi t y a s  e xp r e s s e d  b y  t he  r a t i o o f  m a x i m u m  t o m i n i m u m  

s he a r  s t r engt h at  t he  e n d  o f  t he  t est  a s  me a s u r e d  b y  t he 

fi el d v a n e  t est  h a d  a n  a v e r a ge  va l ue  o f  2  f or  c l a ys  o f  h i gh  

pl as t i c i t y. Th e  sens i t i vi t y for  t he  c l a ys  o f  i n t e r medi a t e  pl as 

t i ci t y r a n g e d  f r o m 2  for  und i s t u r be d  s hea r  s t r engt hs  o f  

1- 0 k g  pe r  s q . c m  t o 4 for  und i s t u r be d  s hea r  s t r engt hs  o f  

3- 0 kg  per  s q. c m .  Th e  l a bo r a t o r y  v a n e  t est  o n  u n d i s t u r be d  

s a mp l e s  s h o we d  sens i t i vi t i es  a s  de f i ne d a b o v e  o f  a n  a ve r a ge  

va l ue  o f  4.

Th e s e  r el a t i vel y h i gh  va l ue s  for  t he  s ens i t i vi t y o f  a  c l a y  

wh i c h  u p o n  ma n u a l  i ns pec t i on a p p e a r e d  t o  be  i ns ens i t i ve  

l e a ds  t o t he  bel i ef  t hat  p r o b a b l y , for  t he  r el a t i vel y st i ff c l ays  

t es t ed a n d  f o r  t hes e  v e r y  s h a l l o w de p t h s , t he  r a t i o o f  t he  

m a x i m u m  t o m i n i m u m  s he a r  s t r engt h d u r i n g  a  v a n e  t est  

is no t  a  va l i d me a s u r e  o f  t he  s ens i t i vi t y o f  t he  c l a y  t o r e 

mo u l d i n g . Th e  r e a s o n  f o r  t he ve r y  l o w m i n i m u m  s he a r  

s t r engt hs  me a s u r e d  is p r o b a b l y  t he  l a c k o f  i n t i ma t e  c ont ac t  

a n d  t r ans fer  o f  n o r ma l  p r e s s ur e  ac r os s  t he  p r e v i o us l y  s hea r 

e d  cyl i ndr i ca l  s ur f ace .

Th r o u g h  t he  us e  o f  t he  l a bo r a t o r y  va n e  a p p a r a t u s  it  is 

pos s i bl e  t o  expr e s s  t he  s ens i t i vi t y a s  t he  r a t i o b e t we e n  t he  

s he a r  s t r engt h  o f  a n  und i s t u r be d  s p e c i me n  a n d  t he  s hea r  

s t r engt h  o f  t he  s a me  s p e c i me n  wh e n  r e mo l d e d  a n d  r e c o m

pa c t e d a t  t he  s a me  wa t e r  c o n t e n t  t o t he  s a me  dens i t y .

La b o r a t o r y  v a n e  t est s we r e  p e r f o r me d  i n t hi s  ma n n e r  

o n  s e v e n  t ypi ca l  und i s t u r be d  s a mp l e s , wh i c h  r a nge d  i n  s hea r  

s t r engt h  f r o m 1- 0 t o 2- 0 k g  per  s q . c m .  Th e  l a c k o f  s ens i t i vi t y 

o f  t he  c l a y  wa s  p r o v e d  o u t  b y  t hes e  t est s in wh i c h  t he  s e n 

s i t i vi t y r a n g e d  f r o m I T  t o 0- 9 wi t h  a n  a v e r a ge  va l ue  o f  

1- 0. It  is i nt er es t i ng t o n o t e  t ha t  e v e n  f or  t he  r e mo u l d e d  

s p e c i me n s  t he  r a t i o o f  t he  m a x i m u m  t o m i n i m u m  s hea r  

s t r engt h  i n t he  v a n e  t est  c o n t i n u e d  t o b e  r el a t i vel y h i gh .

4. Penetration  Tests as a M easure of S hear Strength

St at i c  pene t r ome t e r s  h a v e  f r e que nt l y  b e e n  us e d t o me a s u r e  

s h e a r  s t r engt h o f  b o t h  c l ays  a n d  s a nds . Va r i o u s  t heor i es  

r el at e t he u l t i ma t e  be a r i ng  c a p a c i t y  o f  c i r cul a r  f oo t i ngs  t o 

t he  s he a r  s t r engt h o f  c l a y . Sk e m p t o n  (1951) i n  hi s  wo r k  

o n  t he  be a r i ng  c a pa c i t y  o f  s a t ur a t ed c l a ys , s h o we d  t hat  for

-, k gjcm*STATIC PENETRATION RESISTANCE,

Fi g. 1 La bo r a t o r y  va ne  meas ur ement s  pl ot t ed agai ns t  st at ic 

pene t r omet er  figur es.

Re l a t i on ent r e l e sci s somèl r e de  l abor at oi r e et  l e pénét r o-  

mèt r e s t at i que.

o n  u n d i s t u r be d  s a mp l e s  t a ke n  f r o m t he si t es i nves t i ga t ed 

b y  t he  a u t ho r s . Th e r e  is a  h i g h  de gr e e  o f  c or r e l a t i on.

Th e  C B R  t est  wh e n  ca r r i ed t o f a i l ur e  m a y  b e  c o ns i de r e d  

a s  a  t est  wh i c h  a l s o  me a s ur e s  t he pene t r a t i on  r es i s t ance  o f  

t he  c l a y  s ubs o i l  a n d  h e n c e  s h o u l d  a l s o  yi e l d i n f o r ma t i o n  a s  

t o t he  s he a r  s t r engt h o f  t he  c l a y  s u b g r a d e , us i ng  a n  appr o-

I d  \
pr i a t e  be a r i ng  c a p a c i t y  f ac t or  f — =  0- 25; N c  =  6- 8 1. Th e

C B R  t est s p e r f o r me d  b y  t he  a u t h o r s  we r e  ca r r i ed o u t  a t  t he  

s t a n da r d  r at e. I n  ne a r l y  al l  cas e s  t he  s h a p e  o f  t he  l o a d  de f o r 

ma t i o n  c u r v e  o b t a i n e d  wa s  s u c h  a s  t o i ndi ca t e  t hat  be a r i ng  

c a p a c i t y  f a i l ur e  h a d  oc c u r r e d  a t  o r  be f or e  a  pe ne t r a t i on  o f  

0- 5 i n . I n  e a c h  t est  pi t  l oc a t i on t he  s hea r  s t r engt h b y  st at i c 

pe ne t r a t i on  r es i s t ance  wa s  d e t e r mi ne d  i n de p e n d e n t l y  o f  t he 

fiel d C B R  t est s o n  t he  s ubs o i l  s o  t hat  a  c o mp a r i s o n  o f  t he 

r esul t s  f r o m t he  t wo  t ypes  o f  t est s is pos s i bl e , a n d  i ndi ca t e  

t he  i nf l ue nc e  o f  t he  r a t e  o f  l o a d i n g  o n  t he  s hea r  s t r engt h 

me a s u r e d . Th e  s t at i c pe ne t r a t i on  t est s we r e  p e r f o r me d  q u i c k 

l y  a n d  t he  soi l  fa i l ed i n  l ess t ha n  o n e  mi nu t e .

A  st at i s t i cal  a na l ys i s  o f  t he  t est  r esul t s  i n  89  t est  pi t s  

s h o we d  t ha t  t he  s he a r  s t r engt h  o f  t he  c l a y  s ubs o i l  a s  m e a 

s ur e d b y  t he  pe ne t r a t i on  r es i s t ance  i n t he  C B R  t est  is e q ua l  

t o 75  pe r  c e n t  o f  t he  s he a r  s t r engt h a s  me a s u r e d  b y  t he  

fi el d s t at i c pene t r ome t e r .

I n  a n  a t t e mpt  t o e v a l u a t e  i n de p e n d e n t l y  t he  i nf l uence  o f  

r a t e o f  s t r a i n o n  t he s hea r  s t r engt h , a  ser i es  o f  t est s o n  l a bo 

r a t o r y  c o mp a c t e d  s p e c i me n s  wa s  ca r r i ed ou t . O n  t hes e  s p e 

c i me n s  t he  pe ne t r a t i on  r es i s t ance  wa s  de t e r mi ne d  u s i ng  t he  

C B R  p l unge r  a t  va r i o us  r at es  o f  pene t r a t i on. Fo r  e a c h  s pe 

c i me n  t he  s he a r  s t r engt h  wa s  a l s o  d e t e r mi ne d  wi t h  t he  a i d
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o f  a  l a bo r a t o r y  v a n e , fa i l ur e oc c ur r i ng i n l ess  t ha n  I mi nu t e . 

Th e  s hea r  s t r engt h a s  me a s u r e d  b y  t he pene t r a t i on  r es i s t ance 

wa s  95  p e r  c e n t  o f  t he  s hea r  s t r engt h a s  me a s u r e d  b y  t he  

l a bo r a t o r y  v a n e  wh e n  t he r a t e  o f  pene t r a t i on wa s  0- 5 i n. 

mi n ,  wh e r e a s  t he  s hea r  s t r engt h wh e n  t he  r a t e  o f  p e n e 

t r a t i on wa s  t he  C B R  s t a nda r d  o f  0- 05 i n . m i n  wa s  o n l y  

7 5  per  c e n t  o f  t he  s hea r  s t r engt h a s  me a s u r e d  b y  t he  l a b o 

r a t o r y  v a n e .

F o m  t he  a b o v e  a n d  ot her  l a bo r a t o r y  s t udi es  it  wa s  c o n 

c l u d e d  t hat  t he  di f f er ence be t we e n  t he s hea r  s t r engt h o f  t he 

c l a y  s ubs o i l  a s  de t e r mi ne d  f r o m t he  fiel d C B R  t est  a n d  t he  

s hea r  s t r engt h a s  me a s u r e d  b y  t he  fiel d s t at i c pe ne t r ome t e r , 

is es s ent i a l l y d u e  t o t he  di f fer ence i n t he  r a t e  o f  l o a d i n g  i n 

t he  t wo  t est s.

5 . Relationship between in-situ CBR and in-situ S hear Strength

Th e  t he o r y  o f  el as t i ci t y gi ves  a n  e xpr e s s i on  for  t he  set t l e 

m e n t  o f  a  r i gi d c i r cul a r  pl a t e  a s  a  f unc t i on  o f  t he  cont ac t  

s t r ess , r a di us  o f  l o a de d  a r e a , Po i s s o n  Ra t i o , a n d  t he mo d u l u s  

o f  el as t i ci t y. It  m a y  b e  a s s u me d  t hat  for  c l a y  s ubs oi l s , at  a  

pene t r a t i on  o f  0- 1 i nc h i n  t he  C B R  t est , t he  soi l  st il l  b e 

h a ve s  a p p r o xi ma t e l y  as  a n  el as t i c  m e d i u m ,  wi t h  a  Po i s s o n ’s 

r a t i o o f  1/2. T h e  c o r r e s p o n di ng  expr e s s i on  f o r  t he  C B R  

n u m b e r  m a y  b e  wr i t t en a s  f o l l o ws  :

C B R  =  0 ’1 2 7 £  wh e r e  0*127 h a s  uni t s  o f  s q. c m  pe r  k g

. . . .  (1)
a n d

E  =  t he  mo d u l u s  o f  el as t i ci t y i n  k g  per  s q. c m.

In t r o d u c i n g  t he  s hea r  s t r engt h o f  t he  s u b g r a d e , i ,  t he  

f o l l o wi ng  e xp r e s s i o n  is o b t a i ne d  :

wh e r e

C B R  =  C, j

=  0*127 — (s q . c m /k g )

l ua t ed f r o m u n c o n f i n e d  c o mp r e s s i o n  t est s o n  undi s t u r be d  

s a mp l e s . T h e  s he a r  s t r engt h wa s  t a ke n  a s  o n e  ha l f  o f  t he  

u n c o n f i n e d  c o mp r e s s i ve  s t r engt h  a n d  t he  m o d u l u s  o f  el as 

t i ci t y wa s  ca l cul a t ed a t  2  \  p e r  c e n t  s t r a i n (c o r r e s p o n d i ng  

t o 0- 1" pene t r a t i on  o f  a  t wo- i nch d i a me t e r  f oo t i ng , Sk e m p t o n  

0 9 5 1 ) ) .

Th e  f o l l o wi n g  c o nc l us i o ns  m a y  b e  d r a wn  f r o m t hes e  s t u 

di es  :

(a )  Th e  r a t i o o f  t he  mo d u l u s  o f  el as t i ci t y t o t he  s hea r  

s t r e ngt h , b o t h  d e t e r mi ne d  b y  u n c o n f i n e d  c o mp r e s s i o n  t est s 

i n  wh i c h  t he  t i me  t o f a i l ur e  is o n e  mi n u t e , i s a p p r o xi ma t e l y  

c o ns t a n t  a n d  e q ua l  t o a b o u t  40

E  (1 mi n ) 

s ( I  mi n )
=  40.

(b )  T h e  va l ue  o f  t he  C B R  d i v i de d  b y  t he  s he a r  s t r engt h 

a s  me a s u r e d  b y  ei t her  t he  s t at i c pe ne t r a t i on  t est  o r  t he  v a n e  

t est  is e q u a l  t o 4- 0 s q. c m  per  kg. Bo t h  v a n e  t est  a n d  st at i c 

pene t r a t i on  t est s we r e  ca r r i ed o u t  t o fa i l ur e i n a p p r o xi ma t e l y

1 mi n u t e . He n c e ,

C B R  (10  m i n ) 

s (I  mi n )
=  4- 0 s q . c m  pe r  k g  (Fi g . 2)

(2)

(3)

F r o m  t he  a b o v e  it  c a n  be  s een t hat  i f f or  a  r a n g e  o f  con-  

s i s t anc y o f  t he  c l a y  t he  r at i o o f  t he  mo d u l u s  o f  el as t i ci t y 

t o t he  s he a r  s t r engt h o f  t he  c l a y  is c o ns t a n t , it  is r e a s o na bl e  

t o a s s u me  t hat  C t  is a l s o  c ons t a n t . C L m a y  be  e v a l u a t e d  b y

. , C B R  E  

de t e r mi n i ng  e i t h e r - -  o r  —.
s s

I n  us i ng  t he  a b o v e  e xpr e s s i on  a t t ent i on mu s t  b e  p a i d  t o 

c ompa t i bi l i t y  o f  r at es  o f  s t r a i n. Th e  p r o b l e m o f  t he  i nf l uence  

o f  r a t e  o f  s t r a i n h a s  a l r e a dy  b e e n  di s c us s ed or  t he  r a t e o f  

l o a d i n g  o n  t he  s he a r  s t r engt h a n d  it  wa s  s een t hat  i nc r ea s ed 

r at es  o f  l o a d i n g  g a v e  r i se t o i nc r ea s ed s t r engt h. It  ha s  b e e n  

s h o wn  i n  a n  e xt e ns i ve  i nves t i ga t i on b y  A.  C a s a g r a n d e  

a n d  W .  L.  Sh a n n o n  (1948)  t hat  i nc r ea s ed r a t e o f  l o a d i ng  

gi ve s  r i se t o i nc r ea s ed mo d u l u s  o f  d e f o r ma t i o n . Wh e n  de a l 

i n g  wi t h  e q u a t i o n  (2)  a t t ent i on mu s t  b e  pa i d  t o t he  r at es  

o f  s t r ain.

In  t hi s  i nves t i ga t i on s ever a l  r at es  o f  s t r a i n h a v e  be e n  us e d  

a n d  i n t he  f o l l o wi ng  e xpr e s s i ons  t hes e  h a v e  be e n  de s i gna t e d 

a s  s ubs c r i p t s  g i v i ng  a p p r o xi ma t e  t i me  t o fa i l ur e .

Us i n g  t he  s he a r  s t r engt h a n d  C B R  da t a  a va i l a bl e , C x wa s  

o b t a i n e d  f r o m Eq .  2  for  t i mes  t o fa i l ur e o f  o n e  mi n u t e  a n d

E
10 mi nut e s  a n d  t he  c o r r e s p o n d i n g  va l ues  o f  — ca l cul a t ed.

s

I n d e p e n d e n t l y  o f  t he  a b o v e  d a t a , be e n  e v a _
s  (1 mi n )

¿U£AR STRE tf 6TH kg/cm2
(fltlO STATIC PtHCTKOmrt/ty

Fi g. 2 Cal i for ni a  bear i ng r at io pl ot t ed agai ns t  s hear  s t r engt h. 

Ra p p o r t  ent r e l e s onda ge  de  Cal i for ni e  et  l a cont r ai nt e.

(c ) Th e  va l ue  o f  t he  C B R  d i v i de d  b y  t he  s he a r  s t r engt h 

a s  de t e r mi n e d  b y  t he  C B R  at  0- 5 i n pene t r a t i on is e q ua l  

t o 5- 4 k g  s q . c m

_  C B R  ( 1 0  mi n )

C i  =  - 777,— ^ —  =  5 ' 4  st l-  c m  Per  k S <F >S-  3 )
s ( 10  mi n )

Subs t i t u t i ng t he  a b o v e  va l ues  o f  Cx i n t he  e q u a t i o n  (3) 

we  obt a i n

£  (10 mi n ) 

j ( I  mi n )

E  ( 1 0  mi n ) 

s ( 10  mi n )
=  43

3 6 1



E ( 1 0  m in ) 

s  (1  m in )

3,<E0 -)_40 
s  (1  m in )

an d  is  p lo t t e d  in  F ig . 4  f o r  v a r io u s  h j a  v a lu e s . Sin c e  f o r  

c la y s  h j a  w i l l  u s u a l ly  b e m o re  t h an  t w o , i t  m a y  b e n o te d  

th a t  C 2 is  a p p r o x im a t e ly  e q u a l t o  8 , an d  h en ce  t h e  C B R  

re q u ir e d  is  n u m e r ic a l ly  eq u a l t o  8 t im es t h e  m a x im u m  sh e a r

st ress.

Fi g. 3 Cal i for ni a  bear i ng r at io pl ot t ed agains t  s hear  s t r engt h. 

Ra pp o r t  ent r e le s onda ge  de  Cal i for ni e  et  l a r ési st ance 

a u  ci sai l l ement .

w h ic h  w e see a r e  c o n s is t e n t  w i t h  t h e in f lu e n c e  o f  r a t e  o f  

s t r a in , an d  f u l f i l l  t h e  lo g ic a l  c o n d i t io n s  :

E ( 1 0 m in ) 4 3  >  £ ( 1 0 m in ) ^  

j-  ( 1 0  m in ) i ( l  m in )

Fi g. 4 C B R  a n d  s hear  st r ess i n r el at i on t o pa ve me n t  t hi cknes s . 

Le  C B R  et  la r és i s t ance au ci sai l l ement  p o u r  le cal cul  

des  chaussées .

E  (1  m in ) £ (1 0  m in )
— - - - - — -  =  4 0  ? » - - - - - - - -  =  43
s  (1  m in ) s  ( 1 0  m in )

F o r  t h e  c la y s  t es te d , t h e  u se o f  a  c o e f f ic ie n t , Cv  f o r  p a r t i 

c u la r  r a t e s  o f  s t r a in , is  j u s t i f ie d  a n a ly t i c a l l y ,  a s  w e l l  as 

e x p e r im e n t a l ly .

6 . Relationship between CBR required and M axim um  S hear 

S tress Induced

G .  Wi l s o n  a n d  G .  M .  J.  Wi l l i a m s  (1 9 5 0 ) c o m p a r e d  th e 

sh ea r  st resses  in  t h e  s u b so il  b en eat h  a f le x ib le  p a v e m e n t  

g iv e n  b y  t h e  Bo u s s in e sq  t h e o r y  w i t h  t h o se  g iv e n  b y  t h e 

t h e o r y  o f  la y e r e d  sy st em s. T h e y  f o u n d  t h a t  a t  h ja  ^  2- 5 

(a =  r a d iu s  o f  lo ad ed  a r e a , ht =  t o t a l  t h ick n e ss  o f  p a v e 

m e n t ) b o th  t h e  Bo u s s in e sq  an d  th e la y e r e d  sy st em  t h e o r y  

g a v e  t h e  sam e r e s u lt s , a n d  t h a t  a t  h ja  =  1- 5, t h e  t h e o r y  o f  

la y e r e d  sy st em s g a v e  sh e a r  st resses w h ic h  w e re  9 0  p e r  c en t  

o f  t h o se  g iv e n  b y  t h e  Bo u ssin e sq  t h e o r y . T h e y  t h e re f o re  

c o n c lu d e d  t h a t  “ f le x ib le  p av em en ts  b e h a v e  v e r y  m u ch  

a c c o r d in g  t o  t h e  Bo u s sin e sq  t h e o r y ” .

B y  c o m b in in g  t h e  C R B  e q u a t io n  g iv e n  b y  T u r n b u l l  

an d  Ah l v i n  (1 9 5 7 ) f o r  (C B R  v a lu e s  less t h a n  1 2 ) w i t h  t h e 

e q u a t io n  f o r  m ax im u m  sh e a r  st ress ( t , k g  p er  sq . c m ) g iv e n  

b y  Bo u s sin e sq  f o r  t h e  sam e lo a d in g s  t h e f o l lo w in g  e q u a t io n  

is o b t a in e d  :

(4 )

7. O verstress Ratio

L e t  t h e  O v e r s t r e s s  R a t io  b e d e f in e  as t h e  r a t io  o f  t h e  

m a x im u m  sh e a r  st ress in d u ce d  in  t h e s u b s o il  t o  i t s  sh ea r  

s t re n g th .

O v e r s t r e s s  R a t io  =  -1m a*  (5 )
s

W e  m a y  t h e r e f o r e  w r i t e  f o r  t h e c la y s  t ested  

C B R

„  . C 2 Cy 4 
O v e r s t r e s s  R a t io  — — f -  = —;  =  -  =  0- 5 

C B R  C 2  8

“cT

T h e  C B R  r e q u ir e d , w h ic h  w as u sed  in  e v a lu a t in g  C 2, w as 

f o r  f u l l  c a p a c i t y  o p e r a t io n s . F o r  a g iv e n  C B R  t h e  f u l l  d esig n  

t h ick n ess  (ht) o f  f le x ib le  p av em en t  m a y  b e red u ced  as t h e  

t o t a l  n u m b e r  o f  c o v e r a g e s  f o r  w h ic h  t h e  p a v em en t  is  d es ig n ed  

b eco m es less t h a n  t h a t  asso c ia t e d  w i t h  f u l l  c a p a c i t y  o p e r a t io n . 

T h e  O v e r s t r e s s  R a t io  m a y  b e s h o w n  as a  f u n c t io n  o f  t h e  

p a v e m e n t  t h ic k n e s s , ex p re sse d  as t h e p e rc en t ag e  o f  t h e  

t h ic k n e ss  d e t e rm in e d  b y  t h e  C B R  e x p re ss io n  f o r  f u l l  c a p a c i t y  

o p e r a t io n . T h is  p e rc en t ag e  is  p lo t t e d  in  F ig .  5 , as a  f u n c t io n  

o f  t h e  O v e r s t r e s s  R a t io  f o r  v a lu e s  o f  Cx =  3 , 4 , 6  a n d  8  sq . 

c m  p e r  k g .

In  in t e r p r e t in g  t h e  O v e r s t r e s s  R a t io  t h e  f o l lo w in g  c o n s i 

d e r a t io n s  m u st  b e k e p t  in  m in d  :

(/ ) T h e  s h e a r  st re n g t h  w as d et er m in e d  in situ  w i t h  a  

t im e  t o  f a i lu r e  o f  a p p r o x im a t e ly  o n e  m in u t e . T h e
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Fig. 5 Pavement thickness related to overstress ratio.

Rapport entre le calcul des chaussées et l*excédent de 
contrainte.

conditions o f  loading o f airfield pavem ents range 

from  transien t, du ring  landing  and  take off, to  static 

long tim e loading  a t park ing  areas. F o r  transien t 

loadings the  shear streng th  tends to  be higher, w here

as  fo r long  tim e loading  the  shear streng th  tends to 

be lower, than  the  shear streng th  as determ ined above. 

( //)  W e have until now  considered only  one load appli

cation. Flowever, airfield  pavem ents are subjected 

to repetitive loading, which is usually  associated 

with changes in strength and deform ation  charac

teristics fo r m ost clays.

( ///) T he O verstress R atio  as used here is for local over- 

stressing in shear and  w hen this ra tio  is unity  the 

fac to r o f  safety against rup tu re  is still considerable. 

It can  be show n th a t for an  overstress ra tio  o f  un ity  

the facto r o f  safety  against rup tu re  is a  function  of

( — \ . R esults o f  ca lcula tions are  show n in T ab le N o. 2.

W

Ta b l e  2

Factor of Safety against rupture as related to  Pavement Thickness

hJ  ■ l-s
a

2 0 3 0 4 0 5 0

Factor of safety (rupture) 4-1 3-7 3-1 2-7 2-4

F rom  an  exam ination  o f  T able 2, it can be seen 

th a t for the  th inner pavem ent structures, w hen the 

overstress ra tio  fo r local overstressing in shear is 

un ity  the facto r o f  safety  against rup tu re  is higher 

than  it is for the  th icker pavem ents.

(iv) O verstress ra tios greater th a n  un ity  cease to  have 

precise m eaning since fo r m axim um  local shear 

stresses greater than  the shear strength  a  redistribu

tion o f  shear stresses m ust take place and the theory

o f  el as t i ci t y wh i c h  wa s  u s e d  f or  ca l cul a t i ng t he  m a x i 

m u m  s hea r  st r ess is n o  l onge r  app l i c a bl e . Th e  zo n e  

o f  pl as t i c  e q u i l i b r i um i ncr eas es  a s  t he  a m o u n t  b y  

wh i c h  t he  over s t r es s  r a t i o e xc e e ds  u n i t y  i ncr eas es , 

wi t h  a  c o r r e s p o n d i n g  dec r ea s e  i n t he  f ac t or  o f  s afet y 

a ga i ns t  r up t ur e .

Re f e r r i n g  t o Fi g . 5 for  t he  c l ays  t es t ed (i .e . C1 =  4- 0 sq. 

c m  per  k g ) i f  t he  p a v e me n t  i s de s i gne d  for  ful l  c a pa c i t y  

op e r a t i o n  b y  t he  C B R  me t h o d ,  t he  over s t r es s  r a t i o is equa l  

t o a ha l f . It  m a y  b e  n o t e d  t hat  t he  s hea r  s t r engt h m a y  b e  

r e d u c e d  t o a s  l it t le as  a  h a l f  (s a y , u n d e r  r epet i t i ve l o a d i n g) 

a n d  t he  r es ul t i ng va l ue  o f  C 1 =  8 s q , c m  pe r  k g  wo u l d  st ill  

s h o w a n  over s t r es s  r a t i o o f  un i t y . F o r  i nt ens i t i ve  c l ays  

s t udi e d b y  t he  a u t ho r s  s uc h  a  d r o p  i n  s he a r  s t r engt h a ppe a r s  

t o be  un l i ke l y  a n d  it  is t her efor e  i ndi c a t ed t hat  p a v e me n t  

t hi cknes s  m a y  b e  r e duc e d  t o 70 pe r  cent  o f  t hat  g i ve n  b y  t he 

de s i gn  cur ves . He n c e ,  a  mo r e  l ogi cal  wa y  o f  a p p r o a c h i n g  

t hi cknes s  r e qu i r e me nt s  wo u l d  be  t o st ar t  f r o m c o ns i de r a 

t i ons  o f  r up t ur e  u n d e r  a  s i ngl e  l oa d a pp l i c a t i on a n d  i ncr eas e  

t he  t hi cknes s  r e qui r e d, a c c o r d i n g  t o t he l oss  o f  s t r engt h 

e xpe c t e d  u n d e r  r epet i t i ve l o a d i n g  for  c l ays  o f  v a r y i n g  degr ees  

o f  s ens i t i vi t y. It  is c o ns i de r e d  l ogi cal  t o de s i gn  for  a n  o v e r 

s t r ess r a t i o o f  o n e , o n  t he  bas i s  t ha t  exces s i ve  de f o r ma t i o ns  

wo u l d  n o t  o c c ur  i f  t her e we r e  n o  l ocal  over s t r es s i ng i n s hear .

I f  t he  p a v e me n t  is de s i gne d  f o r  e me r g e n c y  us e  b y  t he 

C B R  me t h o d ,  t he  U . S .  Co r p s  o f  Eng i n e e r s  a l l o ws  a  50  per  

c ent  r e duc t i on  i n  p a v e me n t  t h i cknes s . Th i s  c o r r e s p o n ds , 

f o r  C1 =  4  s q . c m  pe r  k g , t o a n  over s t r es s  r a t i o o f  t wo  a n d  

p r o b a b l y  c o r r e s p o n ds  t o a  f ac t or  o f  s a f e t y aga i ns t  r up t ur e

o f  f r o m 1- 2 t o 2  f or  va l ues  o f  — o f  f r o m 5 t o 1- 5.
a

It  is a pp r e c i a t e d  t hat , s i nce  t he va l ue  o f  C x a n d  t he  degr ee  

o f  s ens i t i vi t y is no t  a va i l a bl e  f or  t he s ubs oi l  c l ays  s t udi ed 

d u r i n g  t he  d e v e l o p me n t  o f  t he  C B R  de s i gn  c ur ve s , t he  va l ue  

o f  un i t y  f or  t he  over s t r es s  r a t i o a s  s ugge s t ed a b o v e  needs  

t o be  c o n f i r me d  b y  fur t her  r es ear ch.
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