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S t a b i l i z e d  S o i l  F o u n d a t i o n s  f o r  R u n w a y s  o n  S o i l s  o f  l o w  B e a r i n g  

C a p a c i t y

Couches de f ond at ion  en sol stabi lisé au  cim ent  p ou r  pistes d ’envo l sur sols de faib le portance

by Prof. G . S c h n i t t e r ,  D irec to r o f the L abora to ries  fo r H ydraulic  R esearch and Soil M echanics a t the Swiss Federal 

Institu te  o f Technology, Z urich 

and

A. B o l l i e r ,  c i v i l  e n g in e e r

Summary

The construction of roads and runways on soils of low bearing 
capacity demand special methods and the use of cement-stabilized 
soil may provide a suitable solution to the problem.

The subgrade properties are considered by the authors as 
a criterion for the choice of the foundation material. To decide 
whether to use the stabilized layer in the base or in the sub base, 
the stresses in the different layers and the deflection characteristics 
of construction are discussed. These two criteria have led in 
the cases of two runways built on an organic and on a silty soil 
of high liquidity index to the following solution. A sub base of 
cement stabilized material lies directly on the subgrade and a 
base of granular aggregate is compacted on this layer. In both 
cases the solution adopted has been tried out before actual 
construction. The measurements of load distribution over the 
interface of the stabilized layer and the subgrade and the compac­
tion values obtained on the base are given by the authors.

Som m aire

La construction des pistes et des routes sur un sol de faible 
portance exige des méthodes de construction particulières. 
L’emploi de la stabilisation au ciment est dans ce cas une aide 
précieuse.

Les propriétés du sol de fondation constituent le critère déter­
minant pour le choix du matériau à stabiliser. Pour savoir s’il 
était préférable de placer la couche stabilisée dans la fondation 
ou directement sous la couche portante, on a du étudier l’état 
de contrainte dans les diverses couches. Ces deux critères ont 
conduit dans le cas de deux pistes construites sur un sol organique 
et sur un sol silteux à la solution suivante ; une couche de matériau 
stabilisé au ciment est posée directement sur le sol comme couche 
de fondation. Sur cette dernière, une couche de base en matériau 
grenu peut être compactée. Dans les deux cas, la structure adoptée 
a été essayée avant la construction. La distribution de la pression 
verticale sur le sol de fondation est indiquée, ainsi que les valeurs 
de portance mesurées sur la couche compactée.

Introduction

In recent years an increasing number of aircraft runways 
and roads to take heavy traffic have been built on soils of 
low bearing capacity. As a  result, new methods have been 
developed for undertaking such work rapidly and econo­
mically.

With this aim in view, the authors designed the runway 
of the municipal airport at Berne-Belpmoos and a section 
of the runway extension of the intercontinental airport at 
Geneva-Cointrin. In the first case the subgrade conditions 
were the same over the total length of the project, whereas 
in the second one only a section of low bearing capacity 
had to be crossed.

The types and thicknesses of the pavements had been 
previously determined by a third party.

BERN GEN EVA

Type of soif 

U-SCS soil dass

silty day of 
high plastici­
ty with orgo

OH

clayey silt 
of low 

plasticity

CL -  ML

Dry density t/m‘ t, 35 1, 79
Moisture content V. 35,5 ¡8, 7
Density of solid particles t /m1 2,68 2, 69
Porosity 49,6 33,5
Degree of saturation s % 96,6 100, 0

liquid limit t, % 57, 0 19. S
Plasticity index P, % 30. S S, 9
Liquidity index Li % 29,5 86,5

Optimum dry density r«,nl t/m* 1, U9 1,66
Optimum moisture content m*pf V, 12,6

Modulus of compressibility M," kg/cm 86 20
California bearing mho CBR % - 3. 1

Sub grade classification

In Berne the subgrade consisted of an organic soil of 
high plasticity. In Geneva a silty soil with low plasticity 
was cut during excavation work. Both soils were fine-grained 
and practically saturated with correspondingly low shear 
strength. No solid foundation could be found within eco­
nomical depth. The mean values of the soil properties are 
shown in Table I.

&p » po ■ load interval 
p, ■ 1,S Mg/cm 
p0 m o,S kg/cm* 

ù w : settlement due
to âp

2a ■= 30 cm : steelplate diameter

Proposed cross-sections

The low bearing capacity of the subgrade induced the 
authors to investigate a suitable application of cement- 
stabilization which has been used for a long time in various
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c ount r i e s  bu t  wh i c h  u p  t o  n o w  h a s  h a r d l y  be e n  k n o wn  i n 

Swi t ze r l a n d .

Pr ac t i ca l  a n d  t heor et i cal  c o ns i de r a t i o ns  l ed t o  t he  t wo  

p r o p o s a l s  s h o wn  i n Fi g . 1.

System  ©

n &

System  ©

n t r l '
o o h, : <r„

Municipal  airpor f Ber ne Intercont inental airporh Geneva £r ft . 1 ; f  

ffz2+ ___ 2 i V s

Cr

road metal 

well- graded 

gravel ( OIV) 

cementstabilized 

gravel ( 6tv)

: 30cm concrete

: __ well graded 

! 50cm gravel ( <W)

“*  ,c cementstabilized 

i  gravel (OW)

System [cm ] [kg/cnf]
h,

[cm]
h 2

[cm ]
Ei ,

[k g /c m ]
Ez 

[kg/cm’]
E l ,

[kg/cnf]

36 1 30 15 2000-M00 100 000 200

(D 36 1 15 30 100000 200-500 200

Fi g. 1 Mun i c i p a l  ai r por t  Be r ne . Int er cont i nent al  ai r por t  Ge n e v a .

—  Sugges t ed cr oss- sect ions.

Co u p e s  t r ansver sal es  pr opos ées .

Fi g. 2 St abi l i zat i on o f  t he bo t t om l ayer  o f  t he bas e . St abi l i zat i on 

o f  t he  t op l ayer  o f  t he  bas e . —  Cr oss- sect ions  a s s ume d  

for  t he  cal cul at i on.

Co u p e s  t r ansver sal es  cons i dér ées  da ns  les cal cul s .

Th e  a u t h o r s  r e ga r d  t he  c e me n t  s t abi l i zed l a ye r  i n t he  

l owe s t  par t  o f  t he  ba s e  a s  a n  es s ent i al  f ea t ur e  o f  t he  t wo  

pr op o s a l s . As  t hi s  m e t h o d  di ffer s  f r o m t he  f r e q ue nt l y  e m p l o y e d  

s t abi l i za t i on o f  t he  u p p e r  pa r t  o f  t he  ba s e  i n o n e  i mp o r t a n t  

p o i n t , t he  c o ns i de r a t i o ns  wh i c h  l ed t h e m t o  a d o p t  t he  pr e s ent  

de s i gn  a r e  g i ve n .

Pr ac t i ca l  r e q u i r e me n t s  : In  t he  c a s e  o f  Be r n e  a s  we l l  as  

Ge n e v a ,  t he  l o w s h e a r  s t r e ngt h o f  t he  s u b g r a d e  m a d e  it  

i mp o s s i b l e  t o  b r i ng  i n  gr a ve l  b y  t r uc k o r  t o  c o m p a c t  a  n o r ma l  

ba s e  a de q u a t l y e . Bo t h  p r o b l e ms  c o u l d  be  s o l v e d  b y  t he 

cons t r uc t i on  o f  a  l o a d  di s t r i but i ng l a ye r  di r ec t l y l y i ng  o n  

t he  s u b g r a d e , e .g . b y  c e me n t  s t abi l i za t i on. Th i s  l a ye r  t akes  

o v e r  t he  a ddi t i ona l  f unc t i o n  o f  a  s u b  ba s e  wh i c h  —  i n  a n y  

c a s e  —  is ne c e s s a r y  a s  a  fi l t er  b e t we e n  t he  f i ne- gr ai ned 

s u b g r a d e  a n d  t he  c oa r s e - gr a i ne d ba s e . Mo r e o v e r  a  r i gi d 

l a ye r  e q ua l i ze s  l ocal  va r i a t i ons  in t he  b e a r i n g  c a p a c i t y  o f  

t he  s ubgr a de .

Th e  f o l l o wi n g  fact s  c a n  f u r t h e r mo r e  b e  q u o t e d  i n  f a v o u r  

o f  t he  s t a bi l i za t i on o f  t he  l owe s t  l a ye r  o f  t he  ba s e  :

R elating to  the stab ilized layer— Lo we r  i nf l ue nc e  o f  cl i ­

ma t i c  c o n d i t i o n s ; t he  b r o u g h t  i n  gr a ve l  ac t s  a s  a  c u r i ng  

ma t er i a l .

Relating to the pavement— Cr a c k s  i n t he  s t abi l i zed l a ye r  

d o  n o t  l ead t o  c r a c ks  i n t he  p a v e me n t .

Th e  pr ac t i cal  e v a l u a t i o n  o f  t he  s t a bi l i za t i on o f  t he  l o we r  

par t  o f  t he  b a s e  s h o ws  t ha t  t hi s  me t h o d  h a s  di s t i nct  a d ­

va n t a ge s  a ga i ns t  t he  m e t h o d  o f  s t abi l i zi ng i t s u p p e r  par t .

The o r e t i c a l  c o ns i de r a t i o n  : In  o r de r  t o  b a l a n c e  t he  a d ­

va n t a ge s  a n d  d i s a d v a n t a ge s  o f  t he  st r ess-  a n d  def l ec t i on 

char ac t e r i s t i cs  o f  t he  t wo  a r r a n ge me n t s  a ga i ns t  e a c h  o t he r , 

t he  f o l l o wi n g  c a l c u l a t i ons  ba s e d  u p o n  t he  t he o r y  o f  e q u i ­

va l ent  t h i cknes s es  o f  N .  Od e m a r k  we r e  c a r r i ed o u t  f o r  t he  

t wo  cr oss - sect i ons  s h o wn  i n  Fi g .  2  : Th e  ver t i cal  s t r esses  

<7zl  a n d  gz2, t he  t ens i l e s t r es s  a r  o c c u r i n g  i n  t he  s t abi l i zed 

l a ye r  a n d  t he  ver t i cal  def l ec t i on T  o f  t he  s ur f a c e  o f  t he  

u p p e r  l aye r .

A  l a r ge  c i r cul a r  l o a d  a r e a  wa s  de l i be r a t e l y  c h o s e n  t o 

m a k e  a  r o u g h  a p p r o x i ma t i o n  o f  t he l oa d- s pr e a di ng effect  

o f  a  p a v e me n t .  F o r  t he  m o d u l u s  o f  el as t i ci t y o f  t he  s u b  

g r a d e , wh i c h  is  a s s u me d  t o  h a v e  a  l o w be a r i ng  c a p a c i t y  

a n d  t he  o n e  o f  t he  s t abi l i zed l aye r  t he  va l ue s  o f  200 k g  

p e r  s q . c m  a n d  100 000 k g  p e r  s q . c m  r e s pec t i ve l y h a v e  be e n  

c h o s e n  i n  b o t h  ca s es . In  c o n f o r mi t y  wi t h  t he  di f f e r ent  p o s ­

s ibi l i t i es  f o r  t he  c o mp a c t i o n  o f  t he  gr a ve l  ba s e , t he  m o d u l u s  

o f  el as t i ci t y h a s  be e n  va r i e d b e t we e n  2 000 k g  pe r  s q . c m  

a n d  4 0 0 0  k g  pe r  s q . c m  i n t he  c a s e  o f  t he  s t a bi l i za t i on o f  

t he  l o we r  l aye r , a n d  i n t he  c a s e  o f  t he  s t abi l i za t i on o f  t he  

u p p e r  l a ye r  b e t we e n  t he  va l ue s  2 0 0  k g  pe r  s q . c m  a n d  5 0 0  k g  

p e r  s q . c m .

Th e  r esul t s  o f  t he  c a l c u l a t i ons  a r e  s h o wn  i n Ta b l e  2.

T a b l e  2

System
kg/cm2 kg/cm1 kg/cmz mm

, 1 0,16- 0,S7 0,07-0,08 8 ,0 -9 ,2 0,62-0,70

2 0.» -0.15 0.09-0.10 11, i-12.0 0,76-0,86

It  is e v i de n t  t ha t  a l t e r na t i ve  /  is s up e r i o r  t o  a l t e r na t i ve

2 b o t h  a s  r e ga r ds  t he  ver t i ca l  d e f o r ma t i o n  a s  we l l  a s  t he  

s t r es s i ng o f  t he  s u b  g r a d e  a n d  t he  s t abi l i zed l aye r .

A  f ur t her  es s ent i a l  a d v a n t a g e  o f  s t a bi l i zi ng t he  l o we r  

l a ye r  o f  t he  ba s e  is t he  c o n s i de r a b l y  s ma l l e r  effect  wh i c h  

a  de c r e a s e  o f  t he  effect  o f  t he  s t abi l i zed l a ye r  h a s  u p o n  t he  

ent i r e  c ons t r uc t i on .

Fi g .  3 s h o ws  be s i de s  t he  ver t i cal  def l ec t i ons  o f  s ys t e ms  

I  a n d  2 (c u r v e s  1 a n d  2)  a l s o  t hei r  i nc r ea s e  i n c a s e  o f  a  c o m ­

pl et e l os s  o f  t he  l o a d  s p r e a d i n g  c a p a c i t y  o f  t he  s t abi l i zed 

l a ye r  (c u r v e  3).  Th e  c a l c u l a t i on  o f  c u r v e  3 is ba s e d  u p o n  

t he  a s s u mp t i o n  t ha t  t he  c o mp a c t i o n  o f  t he  gr a ve l  b a s e  a n d  

t her e f or e  i t s m o d u l u s  o f  el as t i ci t y wi l l  be  p r e s e r ve d. Fu r t h e r ­

mo r e  it  i s  a s s u me d  t ha t  t he  m o d u l u s  o f  el as t i ci t y o f  t he  

di s i nt e gr a t ed s t abi l i zed l a ye r  de c r eas e s  t o  t he  va l u e  o f  t he  

gr a ve l  ba s e . Th e s e  t wo  c o n d i t i o n s  a r e  s at i s f i ed o n l y  wh e n  

t he  ent i r e  c ons t r uc t i on  h a s  be e n  de s i gne d  f r o m t he  s t ar t  

wi t h o u t  c o ns i de r i ng  t he  r e i n f o r c i ng  effect  o f  t he  s t abi l i zed 

l a ye r . Su c h  p r o p o r t i o n i n g  i s  s ens e l es s  f o r  s y s t e m 2  be c a u s e  

it  o we s  i t s q ua l i t y  e xc l us i ve l y  t o  t he  l o a d  s p r e a d i n g  c a p a c i t y  

o f  t he  s t a bi l i zed l aye r . I n  t he  c a s e  o f  s y s t e m 1 t h e  u s e  o f  

c e me n t  s t a bi l i za t i on pe r mi t s  —  o n  a c c o u n t  o f  t he  h i g h  c o m ­

p a c t i o n  o f  t he  g r a n u l a r  b a s e  —  s ma l l e r  de s i gn  t hi c kne s s e s  

t o  b e  u s e d  t h a n  t hos e  n o r ma l l y  e m p l o y e d ,  e v e n  i f  t he  s l a b 

effect  o f  t he  s t abi l i zed l a ye r  is r e qui r e d d u r i n g  c ons t r uc t i on  

o n l y .

Th e  t heor e t i ca l  e v a l u a t i o n  o f  t he  t wo  a r r a n g e me n t s  o f  

t he  s t abi l i zed l a ye r  s h o ws  t ha t  i n t hos e  c a s e s , wh e r e  t he  

dur a bi l i t y  o f  t he  s t abi l i zed a ggr e ga t e  c a n  b e  g u a r a n t e e d , 

t he  ove r a l l  q ua l i t y  o f  t he  c o ns t r uc t i o n  wi t h  t he  s t abi l i zed 

l a ye r  b e l o w is bet t er  o n  a c c o u n t  o f  t he  h i gh e r  c o mp a c t i o n  

o f  t he  gr a ve l  b a s e  a n d  o f  t he  l o we r  s t r es s i ng o f  t he  s u b  

g r a d e  a s  we l l  a s  t he  s t abi l i zed l aye r . Th i s  m e t h o d  m a k e s  it  

f u r t h e r mo r e  pos s i bl e  t o bui l d  o n  s oi l s  o f  l o w be a r i ng  c a p a c i t y  

m o r e  e c o n o mi c a l l y  o r  bet t er  t h a n  wi t h  c o n v e n t i o n a l  me t h o d s  

e v e n  i n t hos e  ca s e s  wh e r e  t he  dur a bi l i t y  o f  t he  s t abi l i zed 

l a ye r  c a n n o t  be  g u a r a n t e e d .

310



[cm]
P

[kg/crf]
h,
[cm]

h z
[cm]

E,
[kg/cm'J [kg/cm]

E j
[kg/cm]

36 1 30 15 2000- m o 100000 200

36 1 IS 30 100 000 2OO-SOO 200

(à) 36 1 US ~ 200- m o 200 -

Modulus o f e lastic ity o f  the g ra n u la r base [k g /c m  J

Fi g. 3 Def l ec t i on char act er i s t i cs  o f  t he s ys t ems  I ,  2 a n d  3. 

Dé f l e xi ons  des  s ys t èmes  1, 2 et  3.

t he gr ave l  b a s e  wa s  b r o u gh t  i n. Du e  t o t he  l o w b e a r i n g  c a p a ­

c i t y  o f  t he  s u b g r a d e  i n  Ge n e v a  p r o t e c t i on  f r o m d r y i n g  wa s  

ma i n t a i n e d  wi t h  a  we t t e d , 3 c m  t hi ck c a r p e t  o f  s a n d .

Verification of the proposed solutions

I n  Be r n e  a s  we l l  a s  i n  Ge n e v a  t he  p r o p o s e d  cr oss - sect i ons  

o f  t he  r u n wa y s  we r e  t r i ed o u t  b y  m e a n s  o f  a  t est  s ec t i on. 

I n  bo t h  ca s e s  t he  f o l l o wi n g  p r o c e d u r e  wa s  a d h e r e d  t o :

1. Cl a s s i f i c a t i on  o f  t he s u b g r a d e  b y  i t s d r y  de ns i t y  y d, 

mo i s t ur e  c o n t e n t  m , pl as t i c i t y, gr ai n- s i ze  di s t r i but i on a n d  

t he  m o d u l u s  o f  c ompr e s s i bi l i t y  M e  e s t a bl i s he d wi t h  t he  

7 00  s q. c m  pl a t e  i n  t he  l oa d i nt e r va l  0- 5 <  p  <  1- 5 k g  p e r  

s q . c m .

2. De t e r mi n a t i o n  o f  t he  c r u s h i n g  s t r e ngt h at  8 d a y s  o f  

c u b i c  s a mp l e s  o f  t he  s t abi l i zed l aye r .

3 .  Me a s u r e m e n t  o f  t he  di s t r i but i on o f  ver t i cal  s t r ess  g z 

a t  t he  i nt e r f ace  be t we e n  t he  s t abi l i zed l a ye r  a n d  t he  s u b  

g r a d e  a s  a  f u n c t i o n  o f  t he  t h i c kne s s  o f  t he  g r a n u l a r  bas e . 

A  t r uc k wi t h  t wi n  r ea r  wh e e l s  wa s  u s e d  a s  a  r ol l er .

4. Co m p a c t i o n  o f  t he  g r a n u l a r  ba s e  a n d  s e l ec t i on o f  t he  

s ui t a bl e  e q u i p me n t .  As  a  c r i t e r i on us e  wa s  m a d e  o f  t he  

m o d u l u s  o f  c ompr e s s i bi l i t y  o b t a i n e d  wi t h  t he  fir st  l o a d  

a pp l i c a t i on  o v e r  a  r a nge  o f  pr es s ur es  f r o m  2*0 t o 4- 0 k g  

per  s q . c m .

Te s t  r esul t s  :

1. Su b g r a d e  : Th e  s u b g r a d e  c o n d i t i o n s  a r e  r e p r e s e n t e d 

b y  t he  soi l  pr ope r t i e s  s h o wn  i n Ta b l e  1.

2. St a b i l i ze d  l a ye r  : Th e  c r u s h i n g  s t r e ngt h  o f  t est  c u b e

8 d a y s  o l d  wi t h  a n  e d g e  l engt h o f  20 c m  r e a c h e d  i n t he  c a s e  

o f  Be r n e  130 k g  p e r  s q . c m  a n d  i n t he  c a s e  o f  Ge n e v a  160 k g  

p e r  s q . c m .

3. Ver t i c a l  s t r ess  di s t r i but i on :

The cement-stabilized layer

Af t e r  it  h a d  b e e n  d e c i de d  t o us e  c ement - s t abi l i za t i on a n d  

t he  bes t  a r r a n g e me n t  o f  t he  s t abi l i zed l aye r  h a d  be e n  de t e r ­

m i n e d ,  i t s r ea l i za t i on  wa s  s t udi e d . As  t he  q ua l i t y  a n d  e c o ­

n o m y  o f  a  s t abi l i zed l a ye r  d e p e n d  es s ent i a l l y u p o n  it s de ns i t y  

a n d  c e me n t  c o n t e n t , t he  de c i s i on  wa s  t a ke n  i n  a c c o r d a n c e  

wi t h  t he  f o l l o wi n g  cr i t er i a :

1. Be a r i n g  c a p a c i t y  o f  t he  s u b g r a d e  : t hi s  de t e r mi ne s  i f 

t he  s oi l - cement  mi x t u r e  c a n  be  a de q u a t e l y  c o mp a c t e d  o r  

i f  it  is ne c e s s a r y  t o  us e  b o r r o w ma t e r i a l  wh i c h  —  t h a n k s  

t o  i t s gr ai n- s i ze di s t r i but i on —  r e a c he s  a  suf f i ci ent l y h i gh  

s t r engt h wi t h  o n l y  l i ght  c o mp a c t i o n .

2 .  Ty p e  o f  soi l  : Th e  c e me n t  r e qui r e me nt s  d e p e n d  u p o n  

t he  t ype  o f  soi l  u s e d . I n  e a c h  i nd i v i dua l  c a s e  it  h a s  t her efor e  

t o  be  de c i de d  i f  it  is  mo r e  e c o n o mi c a l  t o  s t abi l i ze  e i t her  

t he  e xi s t i ng s u b g r a d e  wi t h  a  h i g h  c e me n t  c o n t e n t , o r  t o us e  

b o r r o w ma t e r i a l  wi t h  a  l o we r  c e me n t  c o n s u mp t i o n .

I n  t he  t wo  c as e s  u n d e r  c o ns i de r a t i o n  t hes e  cr i t er i a l ed 

t o t he  us e  o f  cement - s t abi l i zed b o r r o w ma t e r i a l . I n  Be r n e , 

a  20 c m  t h i c k l a ye r  o f  we l l  g r a d e d  gr a ve l  wa s  s t abi l i zed 

wi t h  4  pe r  c e n t  c e me n t . Th e  m a x i m u m  gr a i n  s i ze  wa s  100 m m .  

I n  Ge n e v a ,  a  15 c m  t h i c k l a ye r  o f  wel l  g r a d e d  gr a ve l  wi t h  

a  m a x i m u m  g r a i n  s i ze  o f  3 0  m m  wa s  s t abi l i zed wi t h  6 pe r  

c e n t  c e me n t .  Th e  di f f e r ence  i n t he  c e me n t  d o s a g e  h a s  he r e ­

b y  be e n  c a u s e d  b y  t he  di f fer ent  gr ai n- s i ze d i s t r i but i on o f  t he  

b o r r o w ma t e r i a l s  u s e d  o n  t he  t wo  s i t es .

In  b o t h  cas es  s t a t i ona r y  m i x i n g  p l a n t s  h a v e  b e e n  u s e d  

for  e c o n o mi c a l  r e a s ons .

I n  Be r n e  t he  s t abi l i zed l a ye r  wa s  c o mp a c t e d  wi t h  a  l ight  

cat er pi l l a r  ve hi c l e , wh i l e  i n  Ge n e v a  a  l ight  s t eel  wh e e l  r ol ­

l er  wa s  u s e d . Sp e c i a l  c u r i ng  wa s  n o t  ne c e s s a r y  i n Be r n e  

wh e r e , s u b s e q u e n t  t o t he  c o mp a c t i o n  o f  t h e  s t abi l i zed l aye r ,

m  p  = 6,5 kg/cnf 

l i i  A = 320/940 cm* 

A,y I *• o I granular base 

* »j r rp p | | j  stabilized layer 

T subgrade

Distance from  load -  axis fm ]

P
m [cm] [cm]

Ci. mo« 
[kg/cnf]

(?) <>.3 0 20 0, 174

4 ,3 30 20 0, ISO

<ê) <i,3 60 20 0, 120

P

r n
hi

[cm] [cm]
a, ma,

[kg/cm*]

(S) 2.1 0 15 0,062

(5) 2,1 50 15 0 ,0 t7

6.1 50 15 0,121

Fi g. 4 Mun i c i p a l  a i r por t  Ber ne . Int er cont i nent al  ai r por t  Ge n e v a .

—  Di s t r i but i on o f  t he ver t i cal  st r ess a z at  t he int er face 

o f  t he  s t abi l i zed l ayer  a nd  t he s ubgr a de .

Di s t r i but i on de  la pr es s i on ver t i cal e <r2 à  l’i nt er face 

d e  l a c o uc h e  st abi l i sée et  l e sol  de  fonda t i on.

Th e  c u r v e s  1 a n d  4  o f  Fi g .  4  de mo n s t r a t e  t he  c o ns i de r a b l e  

l o a d  di s t r i but i ng effect  o f  t he  s t abi l i zed l a ye r  a l o n e . In  Be r n e  

(c u r v e  1) a  m a x i m u m  ver t i cal  s t r es s  <Jz,max wa s  me a s u r e d  

u n d e r  t he  s t abi l i zed l a ye r  wh i c h  a m o u n t e d  t o  o n l y  4  pe r  

c ent  o f  t he  c o n t a c t  pr e s s ur e  p ,  wh e r e a s  in Ge n e v a  (c u r v e  4)  

it  h a r d l y  r e a c h e d  1 p e r  c ent . Th e  di f f e r ence  is d u e  t o  t he  

di f fer ent  p r o p o r t i o ns  b e t we e n  t he  c o n t a c t  a r e a  a n d  t he  

t h i c kne s s  o f  t he  s t abi l i zed l a ye r  a n d  t o  t he  di f f er ent  be a r i ng  

c apa c i t i e s  o f  t he  t wo  s ubgr a de s .
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A  50  c m  t hi ck we l l  c o mp a c t e d  g r a n u l a r  ba s e  l y i ng  o n  

t he  s t abi l i zed l a ye r  r e duc e d  t he  m a x i m u m  ver t i cal  st r ess  

me a s u r e d  o n  t he  s y s t e m “ s t abi l i zed l a ye r - s ubgr a de ”  in 

b o t h  c a s e s  t o 75  p e r  c ent .

4 .  Co m p a c t i o n  t est s  : O n  b o t h  s i t es , wel l  g r a d e d , gr a ve l  

n o t  s us c ept i bl e  t o  f r os t  wa s  u s e d  for  t he  g r a n u l a r  ba s e .

Th e  r es ul t s  o f  t he  c o mp a c t i o n  t est s  a r e  r e c o r de d  i n  F i g .  5.

Table 3

L a y e r
h

c m

£

k g / c m 2

£  *

k g / c m 2

1 5 0 9 00 1 8 3 0

2 1 5 2 2 5 0 0 0 2 2 5 0 0 0

3 00 2 2 5 9 8 0

Ba s e d  u p o n  t he  c a l c ul a t ed mo d u l i  o f  el as t i ci t y E  a n d  E *  

t he  ver t i cal  s t r es ses  i n du c e d  a t  t he  i nt e r f ace  o f  t he  s u b g r a d e  

a n d  t he  s t abi l i zed l a ye r  we r e  c o m p u t e d  a c c o r d i n g  t o N .  

Od e m a r k .  Th e  r es ul t  is  s h o wn  i n F i g .  6 t oge t he r  wi t h  t he  

me a s u r e d  va l ues .

£

Fi g. 5 Co mp a c t i o n  val ues  obt a i ne d o n  t he  bas e  wi t h di ffer ent  

e qui pme nt .

Va l eur s  de  c o mpa c t a ge  obt enues  sur  l a c o uc h e  d e  f o n d a ­

t i on a ve c  di ffér ent s  engi ns  de  c o mpa c t a ge .

Th e  c o mp a r i s o n  o f  t he  c u r v e s  1, 2  a n d  3 d e t e r mi n e d  o n  

t he  t est  s ec t i on i n Be r n e  s h o ws  t ha t  t he  mul t i  p l a t e  v i br a t o r  

g a v e  m a x i m u m  c o mp a c t i o n  va l ue s  wi t h  t he  m i n i m u m  n u m b e r  

o f  pas s es . O n  a c c o u n t  o f  t he  s ma l l  t h i c kne s s  o f  t he  g r a n u l a r  

ba s e , h o we v e r  t he  us e  o f  s u c h  a  c o mp a c t e r  wo u l d  h a v e  

be e n  r i s ky  a s  it  mi gh t  h a v e  r es ul t ed i n a  d y n a m i c  over -  

s t r es s i ng o f  t he  s t abi l i zed l aye r . Th e  c o m b i n e d  us e  o f  t he  

12 t ons  t hr ee- wheel  s t eel  r ol l er  wi t h  t he  0-8 t ons  v i br a t o r y  

r ol l er  wa s  t her e f or e  pr efer r ed.

I n  Be r n e  a s  we l l  a s  i n  Ge n e v a ,  t he  r e qui r e d m o d u l u s  o f  

c ompr e s s i bi l i t y  h a d  be e n  f i xed a t  1 0 0 0  k g  p e r  s q . c m .  Th e  

f i el d de ns i t y  c ont r o l s  ca r r i ed o u t  i n  Be r n e  s h o we d ,  t hat  

t hi s  va l u e  is e q u i va l e n t  t o  100 pe r  c e n t  Pr o c t o r  s t a n da r d .

p = 6,5 kg/cm 

A = 320/9tO cn

50 cm gravel

15cm ceme.n.h-
sfa b ili zed gravel

subgrade

Q ) Measured

( ?)  Calculation based upon E 

©  Calculation based upon E

Contact area A [cm2]

Fi g. 6 Co mp a r i s o n  be t we e n  t he me a s ur e d  a n d  cal cul at ed 

m a x i m u m  ver t ical  st r ess max in t he l oad axi s  at  

t he int er face o f  t he s t abi l i zed l ayer  a n d  t he s ubgr a de . 

Co mp a r a i s o n  ent r e la pr es s i on ver t i cal e m a x i m u m  

max mes ur é e  et  cal cul ée d a n s  l’a xe  de  c ha r ge  à  

l’int er face d e  l a c o uc h e  s t abi l i sée et  d u  sol  de  fonda t i on.

T h e  c o mp a r i s o n  o f  c u r v e s  1, 2  a n d  3 d e mo ns t r a t e s  t hat  

t he  t h e o r y  o f  e q u i v a l e n t  t h i c kne s s e s  is  a  us eful  m e t h o d  for  

e v a l u a t i n g  c o mp l i c a t e d  l a ye r e d  s ys t e ms .

Elastic properties of the different layers

T h e  a dd i t i o na l  me a s u r e me n t  o f  t he  t ot al  a n d  t he  el as t i c 

d e f o r ma t i o n s  W  a n d  T  wi t h  t he  7 0 0  s q . c m  st eel  pl a t e  o n  t he  

t wo- l ayer  a n d  t hr ee- l ayer  s y s t e m o f  Ge n e v a  r e n de r e d  it  

p os s i bl e  t o c a l cul a t e  t he  mo d u l i  E1 a n d  E a o f  t he  gr a ve l  

bas e  a n d  t he  s u b  g r a de . F o r  t he  m o d u l u s  o f  el as t i ci t y E2 
o f  t he  s t abi l i zed l aye r , t he  a v e r a ge  va l ue  e s t a bl i s he d f r o m 

t he s t r ess- st r ain d i a g r a ms  o f  t he  c o mp r e s s i o n  t est s  wa s  u s e d . 

Th e  r esul t s  o b t a i n e d  wi t h  t he  me t h o d  o f  e q u i va l e n t  t h i cknes s es  

a r e  s h o wn  i n  Ta b l e  3. Th e  d e n o mi n a t i o n s  E  a n d  E *  i ndi ­

c a t e , t ha t  t he  r es pec t i ve  mo d u l i  o f  el as t i ci t y h a v e  be e n  c o m ­

p u t e d  f r o m t he  t ot al , r es pec t i ve l y f r o m t he  el as t i c d e f o r m ­

a t i on .

Conclusions

Th e  c ement - s t abi l i za t i on o f  t he  l owe s t  pa r t  o f  a  ba s e  is 

c o n s i de r e d  t o b e  a  v a l u a b l e  e xp e d i e n t  f o r  c o ns t r uc t i o n  o f  

a i r c r af t  r u n wa y s  a n d  r o a d s  o n  s u b  g r a de s  o f  l o w be a r i ng  

c a p a c i t y . I f  t he  s t abi l i zed l a ye r  is d u r a b l e , t hi s  me t h o d  

gua r a n t e e s  —  d u e  t o  t he  hi gh  c o mp a c t i o n  o f  t he  gr a ve l  

ba s e  a n d  t he  l o we r  s t r es s i ng o f  t he  s u b g r a d e  a s  we l l  a s  t he 

s t abi l i zed l a ye r  —  a  h i gh e r  ove r a l l  q ua l i t y  o f  t he  t hr ee-  

l a ye r  s y s t e m t h a n  i n t he  c a s e  o f  t he  s t abi l i za t i on o f  t he  t o p ­

mo s t  l aye r . E v e n  i n  t hos e  c a s e s , wh e r e  t he  dur a bi l i t y  o f  t he  

s t abi l i zed l a ye r  c a n n o t  be  g u a r a n t e e d , t he  me t h o d  e na b l e s  

a  m o r e  e c o n o mi c a l  a n d  bet t er  c o ns t r uc t i o n  t o b e  a c h i e v e d  

t ha n  b y  u s i n g  c o n v e n t i o n a l  me t h o d s .

A i r p o r h  Be r n e  : Curves ® ( D  and ®  

A i r p o r h  G e n e v a :  Curve ®

C r i t e r i o n  : M odulus o f compressibility M£

¿ P - P t - P o loa d  in te rva l, p , = 4 kg/cm' 

Po -  2 kg/cm  

AW : settlem ent due to Ap

: steelplate d iam e te r 2a= 30cm

10 15 20

Num ber o f  passes

312



The results obtained on the two test sections at Berne 
and Geneva as well as the deflection measurements carried 
out on the runway of Berne after the beginning of opera­
tions, have confirmed the quality of the proposed design 
suggested by the authors.
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