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A  M e t h o d  o f  D e s i g n i n g  P a v e m e n t s  f o r  R o a d  a n d  A i r p o r t s

Con t r ib u t io n  au  progrès des m éthodes de calcu l des chaussées de routes et  de pistes d ’envo l

by U. N a s c im e n t o , R esearch Engineer, L abo ra tô rio  N acional de Engenharia Civil,

J. M . Seguro, H ead, Study D epartm ent, D irecçào-G eral da  A eronâu tica  Civil, Portugal,

E. d a  Co s t a , Civil Engineer, Ju n ta  A utônom a de E stradas, Portugal, 

and

Se q u e ir a  P in e l a , A ssistant R esearch Engineer, L abo ra tô rio  N acional de Engenharia  Civil, Portugal

Summary

The authors have attempted to improve methods of designing 
pavements for roads and airport runways so that they can be 
readily analysed, at the same time keeping them in line with 
empirical methods, such as the CDR.

The problem was therefore studied of the basis of the Theory 
of Elasticity as applied to two-layer systems but assuming hypo­
theses for simplicity. The authors endeavoured to establish 
relationships between the modulus of strength and the CBR, 
in order to be able to apply the same design principles to both 
rigid and flexible pavements.

A method was thereby outlined for an approximate practical 
approach to pavement design problems. The basis of this simpli­
fied method was given in a paper presented to the Tenth Inter­
national Road Congress [1] in Istanbul, and the results of an 
experimental research on the relationships between the CBR 
and the modulus of strength were presented at the Fourth Inter­
national Congress of Soil Mechanics [2].

The authors review some improvements that they have made 
on Burmister’s suggestions for applying the Theory of Elasticity 
to a two-layer system [3], They extend their method to multi­
layer pavements designed on the CBR basis [5], giving the results 
that they have obtained from scale model and experimental 
road tests.

Sommaire

Des tentatives ont été entreprises au Laboratôrio Nacional 
de Engenharia Civil dans le but de perfectionner les méthodes 
de dimensionnement des revêtements de routes et d’aérodromes, 
en les rendant plus rationnelles, sans toutefois abandonner 
l'expérience étendue obtenue dans tous les pays par l'application 
des méthodes empiriques notamment la méthode CBR.

Dans ce but, on a tout d’abord procédé à une analyse du 
problème en partant de la Théorie de l’Elasticité appliquée aux 
systèmes à deux couches mais avec des hypothèses simplificatrices 
du type de celles admises dans la Résistance des Matériaux. 
On a cherché aussi à établir un rapport entre le module de résis­
tance et le CBR de façon à rendre possible le calcul, sur les mêmes 
bases, de tous les revêtements, aussi bien rigides que flexibles.

On a obtenu ainsi, dans ses grandes lignes, une méthode assez 
pratique pour rendre possible une première analyse, bien 
qu’approchée, des problèmes du dimensionnement des revête­
ments. Les premières bases de cette méthode simplifiée ont été 
présentées au Xe Congrès International de la Route [1], à Istanbul 
et les résultats de l’étude expérimentale du rapport entre le module 
de résistance et le CBR ont été exposés au IVe Congrès Inter­
national de la Mécanique des Sols [2] à Londres.

Dans la présente communication, on résume les principes de 
la méthode, on introduit quelques perfectionnements fondés 
sur les travaux de Burmister sur l’application de la Théorie de 
l’Elasticité à un système à deux couches [3], on établit son appli­
cation à la détermination de la déformabilité de revêtements 
dimensionnés par la méthode CBR [5], enfin on présente les 
premiers résultats d’essais sur modèle et d’essais sur des routes 
expérimentales.

1. Foundations o f the simplified analytical method [5]

(a) Mo d u l u s  o f  s t r e ngt h  o f  a  m at e r i aI  :

The modulus of strength (7?), a characteristic parameter 
of a material is obtained from a load-bearing test, and is 
defined as the ratio

bid
ad

' J

The maximum settlement (80) at the center of the plate 
calculated according to Boussinesq's theory is given by the 
expression

_ °d(I -oft —- - - - \f) (2)

(1)

(<t) being the mean pressure exerted by a plate with a dia­
meter ( d )  on the material and (8) the resulting settlement.

The ratio z  =  8 / d  expressed in percentage is defined as 
u ni t  s e t t l ement .

For elastic homogeneous isotropic materials, if the load 
test is carried out with a f l e x i b l e  p l a t e , i.e. if a cushion filled 
with fluid is interposed between the loaded plate and the 
material, the contact pressure will be practically uniform 

and equal to the mean pressure, but the settlement of the 
material will be variable, decreasing from a maximum at 
the center of the plate to a minimum at its periphery.

E  and (i being respectively, the modulus of elasticity and 
the Poisson's ratio of the material.

Substituting this value in eq. (1), the following expression 
is obtained for the modulus of strength u n d e r  a  f l e x i b l e  

pl at e  or better u n d e r  a  u n i f o r m  p r e s s u r e , which shall be 

represented by R ,

R  =
1 -  [X2

(3)

This value R  is a constant, whatever the diameter of the 
load plate.

Still for elastic homogeneous isotropic materials but per­
forming the test on a r i g i d  p l at e , the contact pressure is
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var i abl e, r angi ng f r om a  mi n i mum val ue at  t he cent r e t o 

a ma xi mu m at  t he per ipher y, but  t he set t l ement  o f  t he ma ­

t er ial  r emai ns  cons t ant  at  t he l oaded sur face.

Th e  set t l ement  (8)  t hus  obt ai ned for  a  gi ven pr essur e is 
less t han t he ma xi mu m set t l ement  ( $0) o f  a  fl exibl e pl at e, 

hence t he cor r es pondi ng modul us  o f  s t r engt h under a u n i­

fo rm  settlement wil l  exceed t he val ue obt ai ned under  a  uni ­

f or m pr essur e.

It  so ha ppens , however , t hat  whi l e  ( R) is, at  least  o n  t heor y, 

i ndependent  o f  (d ), R  depends  o n  t he di amet er , i ncr eas ing 

wh e n  it  dimini shes .

(b) A pparent m odulus o f  strength o f  a s ingle-layer pavement :

Let  us  cons i der  a n  elast ic sys t em ma de  up  o f  a  single-  

l ayer  pavement  wi t h a  t hickness  (h) a nd a modul us  o f  st r engt h

df = d + 2h tg a Rf

Fig. 1 Simpl i fied sket ch of  t he behaviour  of  a single- layer  
pavement  (a) and cor r esponding simpl ified cur ve of 
R jR f ver sus h/d  (b).

Schéma simpl ifié du compor t ement  d 'un r evêt ement  
à une seule couche (a) et  simpl ificat ion cor r espondant e 
de la loi de var iat ion de R/Rf  en fonct ion de h/d  (b).

(/?,,) l ying o n  a  semi- indefini t e f ounda t i on wi t h a  modul us  

o f  s t r engt h ( Rf ). In a  first  appr oxi mat i on it  is a s s ume d t hat  

a l oad (Q ) uni for ml y di st r ibut ed o n  a  ci r cul ar  sur face o f  

di amet er  (d ) is uni for ml y t r ansmi t t ed t o t he foundat i on 

in t he f o r m o f  a  c one  wi t h an angl e (angle o f  d is tr ib u tio n )

(a ). Cons equent l y t he di amet er  (df ) o f  t he l oaded ar ea in 

t he f ounda t i on wi l l  be

d f  =  d  -T kh (4)

k  bei ng t he coeffic ient o f  d is tr ib u tio n  whi c h  is r el at ed wi t h 

t he angl e o f  di s t r ibut ion b y  t he expr ess ion

k  =  2  t an a (5)

For  s impl ici t y it is a s s umed t hat  t his coefficient  o f  dist r i ­

but i on depe nds  excl us ivel y o n  t he r at io Rp/R f  of  t he modul us  

o f  s t r engt h o f  t he mat er i al s  o f  t he pa ve me nt  t o t hose o f  t he 

foundat i on a nd  is i ndependent  of  t he t hickness  o f  t he pave ­

ment  (Fi g. 1).

Th e  val ues  o f  k ,  as  obt ai ned by  r epl aci ng t he cur ves  o f  

Bur mi s t er ’s di a gr a m (3) by  st r aight  l ines, ar e pr esent ed in 

Ta b l e  1 a nd  in Fi g. 2.

Wi t h i n  t he hypot hes es  admi t t ed, t he pr essur e af  at  t he 

founda t i on, a s s ume d uni f or m, wi l l  be gi ven b y  t he expr es s i on

l )
(6)

In or der  t o s impl i fy t he pr obl em it is fur t her  a s s umed 

t hat  t he set t l ement  (8 )  at  t he pavement  sur face is excl us ivel y 

due  t o t he set t l ement  o f  t he founda t i on, i .e. in t he t ot al  

set t l ement  t he par t  due  t o t he t hickness  decr ease o f  t he 

pavement  is negl ect ed.

Ac c o r di ng t o t his simpl i fi ed s cheme, t he pavement  be ­

haves  as  i f t he f ounda t i on wer e s ubj ect ed t o a  uni f or m pr es ­

sur e (ct ,) due  t o a  l oad pl at e wi t h a  di amet er  (df ). In t hese 

condi t i ons  t he set t l ement  wil l  be gi ven by

8 = *-¿1 
R,

(7)

Th e  appar ent  modul us  of  s t r engt h (/?) o f  a  pavement ,

i .e. t he modul us  o f  s t r engt h whi c h a homoge ne ous  s emi ­

indefini t e mat er i al  s houl d possess t o under go t he s a me  set ­

t l ement  (8 )  as  t he act ual  pavement  under  t he s a me  l oadi ng 

condi t i ons , wil l  be gi ven by eq. (1). Th e  val ues  o f  (&)  s up ­

pl ied by  (I )  a n d  (7) bei ng equal , t he fol l owi ng expr es s i on 

is obt ai ned for  R, t aki ng eq. (6) i nt o account

(8)

Tabl e 1

Val ues  of K  — 2 t an a  and of  a  obt ained fr om t he st raight  lines 
whi ch r eplace t he cur ves in Bur mist er ’s di agr am

R J R f k a Rp/Rf k a R J R f k a Rp/Rf k a

l 0 0 0 00' 10 2 0 45 00' 100 6- 8 73 40' 1 000 17- 7 83 30'
2 0- 4 11 20' 20 3- 1 57 10' 200 9- 3 77 50' 2 000 23- 7 85 10'
3 0- 6 16 40' 30 3- 8 62 20' 300 10- 9 79 40' 3 000 27- 2 85 50'
4 0- 9 24 10' 40 4- 4 65 20' 400 12- 3 80 50' 4 000 300 86 10'
5 1- 2 31 00' 50 4- 9 67 50' 500 13- 6 81 40' 5 000 32- 6 86 30'
6 1- 4 35 00' 60 5- 5 70 00' 600 14- 5 82 10' 6 000 35- 8 86 50'
7 1- 6 38 40' 70 5- 8 71 00' 700 15- 5 82 40' 7 000 380 87 00'
8 1- 8 42 00' 80 6- 3 72 20' 800 16- 3 83 00' 8 000 40 0 87 10'
9 1- 9 43 30' 90 6- 6 73 10' 900 17- 0 83 20' 9 000 

10 000
42 0
44- 0

87
87

20'
30'
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d2, d„ =  d,
■different  l ayer s.

Cons equent l y t he di amet er s  dv  d2, . . .  a nd  t he di amet er

(d ) ar e connect ed b y  t he gener al  expr ess ion

wher e

dt =  d  +  k j i i  +  k2h2 - r

k i  =  2  t an a,- ,

(9)

(10)

ar e t he coefficient s o f  di s t r i but ion o f  t he l oads .

In or der  t o s impl i fy t he pr obl em it is fur t her  a s s umed 

t hat  a  gi ven l ayer  ( / )  behaves  as  if bel ongi ng t o a  s ingl e­

l ayer  sys t em i n whi c h cons equent l y t he coefficient  o f  dis ­

t r i but ion depe nds  excl us ivel y on  t he r at io of  t he cor r es pond­

i ng modul us  o f  s t r engt h (/?,•) t o t he appar ent  modul us  o f  

s t r engt h o n  t he l ayer  i mmmedi a t e l y be l ow (Æj /i+1).

Th e  val ues  o f  (£,- ) a nd (a*) ar e gi ven in Ta b l e  1 in funct i on 

£
o f  t he r at io —  whi c h, for  t his pur pos e, r epr esent s  t he r at io 

Rf

R i l R m + i ■

Aft er  obt ai ni ng t he di amet er  df  o f  t he l oaded cir cl e in t he 

founda t i on b y  me a ns  of  eq. (9),  it  becomes  poss i bl e t o 

det er mi ne, by  me a ns  o f  eq. (6),  t he pr essur e a f  at  t he f oun ­

dat i on a nd , b y  me a ns  o f  eq. (10),  t he appar ent  modul us  o f  

s t r engt h o f  t he pavement  a nd cons equent l y, t hr ough eq. (I ),  

it s cor r es pondi ng set t l ement .

Th e  s ys t em o f  (w) l ayer s o f  a  pavement  wi t h a  t hickness  

H  =  h i +  h2 -f- . . .  -f-  hn c a n  be cons i der ed as  a  s ingl e 
l ayer  wi t h a  to ta l d is tr ib u tio n  coeffic ien t ( K ) such t hat

d f  =  d  +  K H (11)

wher e

Fi g. 2 Coefficient  of  dist r ibut ion ¿ a s  a  funct ion of  R JR ,.

Coefficient  de dist r ibut ion k  en fonct ion de R JR f.

(c) Apparent modulus o f  strength o f  a m u lti- laye r pavement :

Let  us  n o w cons i der  an elast ic sys t em consi s t ing o f  sever al  

l ayer s wi t h t hickness hv  h2, /?3, . . . . h n a nd  modul i  of  st r engt h 

R \> ^ 2* ^ 3> ■ ■ ■» Rn> car r i ed by  a  foundat i on wi t h a  modul us  
o f  s t r engt h Rf .

It  is a s s ume d l ikewise t hat  a  l oad Q  uni for ml y di st r i but ed 

o n  a  ci r cul ar  ar ea o f  di amet er  (d ) is t r ansmi t t ed t o t he di f ­

fer ent  l ayer s  o f  t he sys t em t hr ough di s t r i but ion angl es  a x, 

t he f or m o f  t r uncat ed cones  wi t h bases  dx,

l ying o n  t he sur faces of  s epar at i on o f  t he

_  ¿A  +  k2h2 ±  • • • ±  knhn 
H

For  a n  w- layer  pavement , R wil l  be obt a i ned by  sol vi ng 

3n equat i ons . I n  t he case of , e .g. t hr ee l ayer s , t hese e q ua ­

t ions  wil l  be  wr i t t en as  fol l ows  :

R — R±2 d  =  /?23 2̂ =  Rfd f  

K y =  f ( R 1(R 12)

d1 =  d  +  Kyhi

K2= f ( R 2lR2s) (13)

d2 =  d^ +  K2h2 
K3 =  f ( R 3/R f ) 

d f =  d2 +  K$h3

Not i ce  t hat  t he sol ut i on of  t his s ys t em is muc h  simpl i fi ed 

b y  us i ng a t r ial  a nd  er r or  me t hod. An  ins t ance o f  appl i cat i on 

o f  t his me t hod t o t he des ign o f  a  t hr ee- l ayer  pavement  is 

pr esent ed bel ow.

3
3 É ¿¿h i

(.- - - - - - iüil- - - - - - H »,

Fig. 3 Simpl i fied sket ch of  t he behaviour  of  a t hree- layer  
pavement .

Schéma simpl ifié du compor t ement  d ’un r evêt ement  à 
t rois couches.

/ V

k

Fig. 4 Fl exibl e t hree- layer  pavement , t he design of  whi ch is 
pr esent ed in t he paper .

Revêt ement  flexible à t rois couches  dont  le calcul  est  
pr ésent é dans  le t ext e, à  t it re d ’exempl e.
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Inst ance of  appl icat ion. Des i gn of  a  flexible t hree- layer  pavement  (Fig. 4) 
Appar ent  modul us  of  st r engt h for  d  =  30 cm

Computation

ai m cor r es po n d i n g  f o r m  ul as
1s t  t r i al 2 n d  t r ial 3r d  t r i al

1st  :
R i- =  %  R a

200 (assumed) x 150 =  240
78
4g x  145 =  236

2nd : R J R it 2000  -  10 
200

2000  -  8- 3 
240

3r d : k x (t abl e) 2 1- 8 1- 9

4t h : d l — d  — ky Ai 30 +  2 x  10 =  50 30 +  1- 8 X 10 =  48 -

5t h : 150 (assumed)
w  x 100 =  145

114
-?g- x  100 =  146

6t h : R J R23 I- 000 =  6- 7 
150

1 000 -  S- 9
T 4 T  “  69

7t h : k 2 (t abl e) 1- 5 1- 5 -

8t h : d- i =  d 1 - r k z l u 50 +  1- 5 x  20 =  80 48 -1- 1- 5 x  20 =  78 —

9t h : R JR f
500 _  

100
- -

10t h : 1- 2 - -

11t h : d f  =  d.z -h k z /i3 80 +  1- 2 x  30 =  116 78 +  1- 2 X 30 =  114 -

12t h : R = * R , - -
114
-jg x  100 =  380

Resul t  R =  380 kg per  sq. cm.

Effect o f  repeated load ing :

Th e  set t l ement  (8 „) due  t o n r epeat ed l oadi ngs  o f  a  pave ­

ment  wil l  be gi ven b y  t he wel l - known l ogar i t hmic l aw

8„ =  8(1 - f Of l og /j ), (13)

in whi c h t he settlement coeffic ient (a j) is a s s ume d pr opor t i onal  

t o t he pr essur e (ay) in t he foundat i on

af = b,<5,

(bf ) bei ng a u n it settlement coefficient.

2. Application of the method for determining the strength 
of pavements designed by the current method [5]

Gr a p h s  o f  appar ent  modul i  o f  s t r engt h o f  r oa d pavement s  
des i gned by  me a ns  o f  di agr ams  o f  t he Cal i for ni a  St at e Hi g h ­

wa y  De pa r t me nt , a s s umi ng t he pavement  t o consi s t  o f  a 

s ingl e ma c a da m l ayer  wi t h a modul us  o f  s t r engt h R p =  2  000 

kg  per  s q. c m ar e pr esent ed in Fi g. 5. Th e  C B R  o f  t he f oun ­

dat i on soi l  wa s  a s s umed t o be  2,  5, 10, 30 a n d  50.

Th e  C B R  met hod omi t t i ng t ire infl at ion pr essur e, a  ver y 

i mpor t ant  par amet er  in t his anal yt ical  me t hod, pr essur es 

o f  2, 4, 6, 8, 10 a nd 12 kg per  sq. c m wer e cons i der ed, it 

bei ng eas y t o ent er  a ny  ot her  val ue b y  int er pol at i on.

Th e  dot t ed cur ves  in Fi g. 5 r epr esent  t he appar ent  modul i  

o f  s t r engt h o f  air field pavement s  as  des i gned b y  t he di a ­

gr ams  o f  t he U.S.  Cor p s  o f  Engi neer s , for  infl at ion pr essur es 

o f  7 a nd  14 kg  per  sq. c m a nd  C B R  val ues  o f  3, 5, 10 a nd  30.

Th e  appar ent  modul i  o f  s t r engt h o f  r igid pavement s  

des i gned wi t h t he hel p of  t he di agr ams  o f  t he U.S . Cor ps  

o f  Engi neer s  wer e  det er mi ned l ikewise.

Th e  r esul t s obt ai ned, whi c h  ar e pr esent ed in Fi g. 6, con-
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Fig. 5 Appar ent  modul i  of  st r engt h (/?) of  flexible r oad pave ­
ment s  (ful l  l ines) and air field pavement s  (dot t ed l ines) 
designed by t he CBR met hod ver sus t yr e inflat ion 
pr essur e (a).

Modul e  appar ent  de résist ance (R), en fonct ion de la 
pr ession de gonfl ement  des pneux (a), de r evêt ement s 
flexibles de r out es (cour bes à t rait  pl ein) et  d ’aér o­
dr omes  (cour bes à t rait  i nt er r ompu) dimensionnés  
par  la mét hode CBR.

s ider abl y exceed t he val ues  yi el ded by t he di agr ams , as  t he 

modul us  o f  s t r engt h o f  concr et e is mu c h  higher  t han t hat  

of  ma c a da m.



Fig. 6 Modul i  of  st r engt h (/?) of  r igid pavement s  designed by 
means  of  t he di agr ams  of  t he U.S. Cor ps  of  Engineer s  
as a funct ion of  t he modul us  of  st r engt h of  t he founda ­
t ion.

Modul es  de r ésist ance (R) de r evêt ement s r igides dimen-  
s ionnés au moyen des di agr ammes  du U. S. Cor ps  
of  Engineer s , en fonct ion du modul e de résist ance 
de la fondat ion.

3. Model study

Th e  set  u p  e mpl oye d in mode l  l oadi ng t est s is s h o wn  in 

Fi g. 7. By  t hese me a ns  a nd  st ar t ing f r om t he t heor et ical  

f oundat i ons  o f  mode l  t est s devel oped b y  t he aut hor s , t hey 

seek t o i mpr ove  and adj us t  t he anal yt ical  me t hod s o t hat  

it  shal l  be  appl i cabl e t o mul t i - l ayer  pavement s  a nd  t o vehicl es 

wi t h sever al  wheel s .

Th e  mode l  is ma de  up  o f  f oa m r ubber  wi t h a n  Rf  =  0- 56 kg 

per  sq. c m  r epr esent i ng t he foundat i on a nd  cur r ent  r ubber , 

wi t h a n  Rp =  70 k g  per  s q. c m, 0- 5 t o 1*0 c m t hi ck, r epr e ­

Fig. 7

sen t ing t he pavement . Th e  t est s wer e  car r i ed out  wi t h t hr ee 

di amet er s , 7- 5, 8- 8 a nd  10.0 c m, a nd  wi t h bot h r igid a nd 

fl exibl e pl at es. Th e  t est s wi t h t he l at t er  wer e indi r ect l y car ­

r ied out  b y  int er pos ing a  cus hi on o f  f oa m r ubber  bet ween 

t he r igid pl at e a nd  t he model .

The  r esul t s pr esent ed in Ta b l e  2  wer e obt ai ned o n  fl exibl e 

pl at es, by  me a ns  o f  whi c h R  wa s  det er mi ned as  t he me a n  

val ue o f  t he uni t  set t l ement s det er mi ned for  s  =  1 per  cent  

a nd s  =  5 per  cent . Th e  val ues  obt ai ned for  k  =  7- 8, t aken 

f r om Ta bl e  1 for  R /R f  =  70/0- 56 =  125, ar e al so pr esent ed 

in Ta bl e  2.

Th e  r esul t s obt ai ned wi t h t he r igid pl at e ar e hi gher  t han 

t hose obt ai ned wi t h t he fl exibl e pl at e (a bout  40 per  cent  

for  h  =0- 5  c m a n d  20 per  cent  for  h =  1- 00 c m) a n d  t he 

c omput e d val ues  differ  but  lit t le f r om t hose obt a i ned on  

fl exibl e pl at es (mor e  t han 10 per  cent  for  h  =  0- 5 c m a nd  

less t han 15 per  cent  for  h — 1- 0 c m).

Tabl e 2

Compar i s on of  t he appar ent  modul i  of  st r engt h as comput ed 
a nd as det er mined in model  t ests

Obtained in model tests

h
(cm)

h
(cm)

Computed
(kg/cm2)

Flexible
plate

(kg/cm2)

R ig id  plate 

(kg/cm2)

7- 5
0- 5 0- 86 0- 78 1*18

10 1- 14 - 1- 64

8- 8
0- 5 0*81 112

10 106 1- 28 1- 54

100
0- 5 0- 78 0- 75 106

1 0 0- 99 1- 16 1- 42

4. Experimental road studies

Ful l  scal e s t udies wer e  under t aken on exper i ment al  r oads  

at  t he Li s bon  ai r por t  a nd  t he Na t i ona l  Ro a d  No .  247- 8, 

in Cas cai s  near  Si nt r a, wi t h  a  vi ew t o det er mi ni ng t he a ppa ­

r ent  modul us  o f  s t r engt h o f  pavement s  f r om t he modul i  

o f  s t r engt h o f  t he founda t i on soil  a nd  t he ma c a da m.

Th e  first  r esul t s obt ai ned wer e  :

Set up for  model  l oading test s. Th e  moael  is, ma de  of 
r ubber , and represent s an elast ic single- layer  pavement .

Disposi t i f empl oyé dans  les essais de char ge sur  modèl e. 
Le  modèl e ét udié, en caout chouc r eposant  sur  du 
caout chouc mousse, r epr ésent e un r evêt ement  élast ique 
à une seule couche.

L isbon a irp o rt :

Mo d u l us  o f  s t r engt h o f  t he foundat i on 

Mo d u l u s  o f  s t r engt h o f  t he ma c a da m

Appa r e nt  modul us  of  st r engt h :

Obs e r ve d

Co mp ut e d

Cascais roads :

Mo d u l us  o f  s t r engt h o f  t he f ounda t i on 

Mo du l u s  o f  s t r engt h o f  t he ma c a da m

App a r e n t  mo du l us  o f  st r engt h:

Obs e r ve d

Co mp ut e d

kg  per  s q. c m

3 300 

5 300 

(/i2 =  0- 40 m) 

+  6  400 
(/?! =  0- 40 m)

4 000 

4 600

1 720 

5 300

(/» =  0- 30 m)

3 360

2  400
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Although still in an early stage, it seems possible to draw 

the following conclusions may be drawn from this research.

(a) The simplified analytical method makes it possible 
to design a rigid or flexible pavement, with any number 
of layers, from the mechanical characteristics (modulus of 

strength) of the constituent materials, the deformability of 
the whole being fixed by means of the apparent modulus 
of strength.

(b) Owing to the lack of data on the characteristics of the 
materials and the inadequate experience of the application 
of the method which make it difficult to estimate the correct 
value of the apparent modulus of elasticity of the pave­
ment, this should always be checked by conventional methods. 
A diagram which facilitates this check is given by the authors.

(c) The first results obtained in model tests show that 
the values of the apparent modulus of strength as computed 
and as obtained in load tests on flexible plates differ by about
10 to 15 per cent. It also shows that load tests on rigid plates 
yield values 20 to 40 per cent higher.

(d) The results obtained for the experimental pavement 
of Lisbon airport gave values differing by 13 per cent from 
the computed modulus of strength. The results obtained for 
National Road No. 247-8 showed much greater differences 
(40 per cent) which are partially explained by the fact that

5. Conclusions the modulus of strength of the macadam was determined 
immediately after its conclusion, that is, when it was still 
rather moist.

It is to be noted besides that the computations were made 

for R , J R f  below 10, that is, in a not very sensitive zone of 
the graph on Fig. 2. The values of R f  were determined im­
mediately after compaction of the filling and in summer. 

Usually and for designing pavements, these values would 
have to be determined in worse conditions of humidity and 

the values obtained for R J R f  would be above 10.
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