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S U M M A R Y

Th is paper considers the basic p r incip les in vo lved  in  the design 
o f  f lex ib le road  pavem ents and reviews the progress wh ich  has 
been m ade in  the app l icat ion  o f  elast ic t heory to this prob lem . 
In t er nat ional  co- operat ion in  this f ield  requires unif ied methods 
o f  evaluat ing  t raf f ic and the developm ent  o f  m ore w idely accep t ­
ab le cr i t er ia f o r  judging pavem ent  per form ance. In  the lat ter  
connect ion the Am er ican  concept  o f  a present  serviceab i l i t y index  
is not  considered f u l ly  sat isfactory. Br i t i sh  fu l l - scale pavem ent  
design ex per im ents and def lect ion studies are reviewed  with  
p ar t icu lar  reference to the m ajo r  ex per im ent  now m ore than six 
years old  at  A lco n b u r y H i l l ,  Hunt ingdonsh ire, Un i t ed  Kingdom .

SO M M A IR E

Cet te étude considère les p r incipes de base en jeu dans le calcu l  
des revêtem ents souples et  ex am ine les progrès fait s dans l ’ap ­
p l icat ion  de la théor ie élast ique à ce p rob lèm e. La  coopérat ion 
in ternat ionale dans ce dom aine ex ige des m éthodes unif iées pour  
évaluer  le t raf ic et  aussi le développem ent  de cr i tères p lus larg e­
m ent  acceptés p ou r  juger le com portem ent  d ’un revêtem ent . Po u r  
ce dern ier , le concept  am ér icain  du “ present  serviceab i l i t y index ”  
n ’est pas considéré tout- à- fait  sat isfaisant . On  passe en revue des 
ex périences b r i tanniques sur le calcu l  des chaussées et  des études 
de déf lex ion, en tenant  com pte sur tout  de l ’ex pér ience m ajeure 
d ’A lco n b u r y H i l l  dans le Hunt ingd onsh i re au Ro yau m e Un i ,  qu i 
f u t  com m encée i l  y  a p lus de six  ans.

T H E  PR O B L E M  OF P A V E M E N T  DESIG N

t h e  m e t h o d s  o f  p a v e m e n t  d e s i g n  at  p resen t  in  use ar e 

em p i r i ca l  b y  n at u r e an d  stem  p r in c i p a l l y  f r o m  t he p r ew ar  

p er io d . T h e  m et h o d  w i d e l y  used  in  Eu r o p e ,  in  o n e f o r m  o r  

an o t h er , is t he C a l i f o r n i a  b ear in g  r a t io  (C . B . R . )  m eth od  
d evelo p ed  in  t he state o f  C a l i f o r n i a  in  t he 19 3 0 ’s. T h e  

p r o v in g  o f  an y  m et h o d  o f  design  u n d er  r o ad  t r af f ic co n d i ­

t ion s is n ecessar i ly  a len g t h y  p rocess sin ce lo n g  p er io d s o f  

o b ser vat io n  ar e in vo lved . T h e r e  has b een  a t en d en cy, t h er e ­

f o r e, t o  r et a in  m et h o d s l i k e  t he C . B. R .  w h i ch  ar e b ased  in  

som e m easu r e o n  ea r l y  ex p er ien ce d esp i t e t he r evo lu t io n  

w h ic h  has m ean w h i le  t ak en  p lace in  r e la t io n  t o  r o ad m ak in g  

m at er ia ls an d  in  t h e stan d ar d  o f  p er f o r m an ce d em an d ed  

f r o m  o u r  h ig h w ays.

T h e  t r ad i t io n a l  co n st r u ct io n  f o r  m ain  r o ad s at  t he b eg in ­

n in g  o f  t h is cen t u r y  con sist ed  o f  cru sh ed  o r  n at u r a l  stone 

la id  o ver  t he so i l  f o u n d at io n . D u r i n g  t he secon d  an d  t h i r d  

d ecad es, a t h in  b i t u m in o u s su r f acin g  m ad e w i t h  a r e la t iv e l y  

so f t  b in d er  w as g en er al l y  ad d ed . T h e  f u n ct io n  o f  t h is su r ­

f ac in g  w as la r g e ly  to k eep  ou t  w at er , t o  b in d  t he su r f ace, an d  

t o  r em o ve t he d ust  p r o b lem  asso ciat ed  w i t h  t he in creased  

speed  o f  r o ad  veh icles. T h e  m ain  o b ject ive  in  t h e d esign  o f  

su ch  a p avem en t  w as t o  p r o d u ce a st r u ct u r e su f f ic ien t ly  t h ick  

to  p r even t  an y  ser ious d ef o r m at i o n  o f  t h e so i l  an d  w h ich  

co u ld  be m ain t a in ed  b y r eg u lar  su r f ace t r eat m en t . T h e  design  

t h ick n ess w as t h en  la r g el y  r eg ar d ed  as a f u n ct io n  o f  t he 

sh ear  st r en g t h  o f  t he so i l  an d  ear ly  design  m eth od s su ch  as 

t he C .B. R.  w er e t h er ef o r e based  o n  a m easu r e o f  t h e sh ear in g  

r esist an ce o f  t he so i l . T h e  m ain  o b ject  w as t o  p r o d u ce a 

st r u ct u r e cap ab le  o f  p ro g r essive im p r o vem en t  an d  n o t  one 

t h at  w o u ld  sat isf y  r eq u i r em en t s f o r  a sp eci f ic p er iod . I t  w as 

n o t  u n t i l  t he la t er  19 2 0 ’s t h at  r id i n g  q u al i t y  b eg an  t o  r ecei ve 
close at t en t ion .

T h e  m a jo r i t y  o f  t he n ew  ro ad s n o w  b eing  b u i l t  in  Br i t a i n

ar e m o t o r w ays o r  m ajo r  r o ad s o f  s im i l ar  stan d ar d s. T h e y  ar e 

b u i l t  in  t he ex p ect at io n  t h at  t h ey  w i l l  be v i r t u a l l y  m a in ­

t en an ce f r ee f o r  a p er io d  o f  at  least  t w en t y  year s an d  t h at  

d u r i n g  t h is p er io d  t h ey w i l l  r e t a in  a r i d in g  q u al i t y  sat is f act o r y  

f o r  h igh - speed  t raf f ic. T o  at t ain  these end s w i t h  f lex ib le 

p avem en t s, use is m ad e o f  t h ick  b i t u m in o u s su r facin g s, bases 

b o u n d  w i t h  b i t u m en , t ar  o r  Po r t l an d  cem en t , an d  sub- bases 

o f  cru sh ed  r o ck  o r  st ab i l iz ed  g ravel .  N o t  o n ly  m u st  t h e so i l  

f o u n d at io n  n o t  d ef o r m , b u t  a l l  t he co m p o n en t  layer s o f  t he 

p avem en t  m u st  b e v i r t u a l l y  f r ee f r o m  d ef o r m at io n  u n d er  t he 

ap p l icat io n s o f  h eavy  ax le lo ad in g  w h i ch  t he p avem en t  w i l l  

b ear  d u r in g  i t s l i f e. T h e  so i l  m u st  t h er ef o r e b e co n sid er ed  as 

on e co m p o n en t  o n ly  o f  a p avem en t , t he p er f o r m an ce o f  each  

l ay e r  o f  w h i ch  react s o n  t h at  o f  t he o t hers. I t  is c lear  t h at  a 

p avem en t  o f  t h is t yp e can n o t  b e d esign ed  o n  t he basis o f  t he 

so i l  p ro p er t ies alo n e, p a r t i cu la r l y  w h er e  t hese ar e assessed o n  

t he basis o f  a f a i l u r e  test  su ch  as t he C .B. R.

T h e  r eq u i r em en t  o f  m in im u m  p avem en t  d ef o r m at i o n  sug ­

gests t he use o f  elast ic t h eo r y  as t he m o st  l i k e l y  st ar t in g  

p o in t  in  an y  r a t io n al  ap p r o ach  t o  p avem en t  design . Bu r m is t e r  

(1 9 4 5 ) d evelo p ed  eq u at io n s f o r  t he st ress an d  d ef lect ion s in  

two-  an d  t h r ee- layer  elast ic p avem en t s w h i ch  w er e t hen  used  

b y h im sel f ,  Fo x  (1 9 4 8 ),  an d  A c u m  an d  Fo x  (1 9 5 1 ) in  t he 

so lu t io n  o f  t he sp eci f ic case o f  p avem en t s o f  v a r y i n g  elast ic 

m o d u l i  t h ick n esses lo ad ed  u n i f o r m ly  o ver  a c i r cu l a r  area. 

T h e  ad ven t  o f  t he elect r o n i c  co m p u t er  has en ab led  t he ran g e 

o f  cal cu lat ed  valu es to be g r eat ly  ex t en d ed  (Jo n es ,  1962 ; 

K i r k ,  1 9 6 1 ), an d  has m ad e p ossib le t he ex t en sion  o f  t h is 

ap p r o ach  t o  p avem en t s o f  f o u r  o r  m o r e layer s.

Ex t en s io n  o f  elast ic t h eo r y  in  t h is m an n er , o r  t he use o f  

m o r e co m p l ica t ed  visco - elast ic m o d els w i l l  be o f  l im i t ed  use 

u n t i l  m u ch  m o r e i n f o r m at io n  on  elast ic m o d u l i ,  Po isso n ’s 

rat ios, an d  f at ig u e an d  d ef o r m at i o n  p r o p er t ies o f  p avem en t  

m at er ia ls is ava i lab le . D et ai led  st ud ies o f  t hese p r o p er t ies ar e 

u r g en t ly  r eq u i r ed .
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E L A S T IC  A N D  D E F O R M A T IO N  P R O P E R T IE S  O F  ROAD M A T E R IA L S

T h e  co n d i t io n  o f  st ress an d  st r ain  u n d er  w h ich  ro ad  

m at er ials can  be r eg ard ed  as b eh avin g  elast ica l ly  can  o n ly  be 

in vest ig at ed  ex p er im en t a l ly  ei t h er  in  t he lab o r at o r y  o r  in situ. 
T h e m ost  severe co n d i t io n s o f  lo ad in g  d i r ec t ly  b en eath  a 

lo ad ed  w h eel  g ive r ise t o  ver t i ca l  co m p ressive st resses and  

r ad ia l  st resses w h ich  m ay  be ei t h er  co m p r essive o r  t ensi le 

d ep en d in g  o n  t he lo cat io n  o f  t he p o in t  con sid er ed . In  

m at er ials o f  h ig h  elast ic m o d u lu s such  as cem en t ed  bases an d  
dense asp h al t  su r f acin g s laid  on  f lex ib le bases, ap p r eciab le 

t ensi le st resses ar e l i k e l y  to be g en er at ed  at  t he b o t tom  o f  t he 

layer  (W h i f f i n  an d  Li s t e r ,  1 9 6 2 ) an d  f o r  su ch  m at er ials a 

l ab o r at o r y  rep eat ed  lo ad in g  f lex u r al  t est  o r  t en si le st r ain  

m easu r em en t  in  t he f ield , to est ab l ish  accep t ab le st ress o r  

st r ain  levels, ap p ear s t o  be m ost  ap p r o p r iat e. Fo r  u n b o u n d  

bases an d  sub g r ad e m at er ia ls rep eat ed  lo ad in g  t r i ax ial  tests 

o r  in-situ m easu r em en t  o f  sub g rad e st ress an d  d ef lect ion  are 

m o r e ap p l icab le.

Us in g  a rep eat ed  lo ad in g  t r i ax ia l  m ach in e based  o n  a cam -  

sp r in g  syst em  w h ich  is cap ab le o f  ap p ly in g  b o t h  ver t i ca l  and  

al l - r oun d  st resses (G r a i n g e r  an d  Li s t er ,  1 9 6 2 ) h eav i l y  o ver ­

co n so l id at ed  clays t ested  u n d er  ad ver se w ater - t ab le co n d i t io n s 

h ave sh o w n  n o  p er m an en t  d ef o r m at i o n  u n d er  rep eat ed  

d eviat o r  st resses o f  1 t o  4  lb / sq . in . Us in g  p iez o - elect r ic 

gauges, st resses in  t h is r an g e h ave b een  m easu red  in  c lay  

sub grad es o f  m o d er n  “ h ig h  q u a l i t y ”  p avem en t s designed  

acco r d in g  to Br i t i sh  t r u n k  r o ad  sp eci f icat io n  w h en  sub jected  

to t he n o r m al  leg al  m ax im u m  w h eel - load  o f  10 ,000  lb . T h i s  

in d icat es t h at  su b g r ad e f a i l u r e  in  these clays is u n l i k e ly  to be 

t he f ir st  cau se o f  p avem en t  d et er io r at io n .

T R A F F IC  E V A L U A T IO N

T h e  ar ea an d  in t en si t y  o f  lo ad in g  associat ed  w i t h  the 

passage o f  a sin g le w h eel - load  o ver  a p avem en t  can  be 

ap p r o x im at ed  t o  c i r cu l a r  lo ad in g . N o r m a l  r o ad  t raf f ic, h o w ­

ever , con st i t u t es co m m er c ia l  wh eel- load s r an g in g  b et ween

1.000  lb  an d  m o r e t h an  10 ,000  lb , each  o f  w h ic h  im p oses a 

ver y  d i f f er en t  st ress co n d i t io n  on  t he p avem en t . So m e 

m eth od  is n ecessary f o r  ex p ressin g  m ix ed  t r af f ic o f  t h is t yp e 

in  t erm s o f  an  eq u i valen t  n u m b er  o f  ap p l icat io n s o f  a 
selected  w h eel - load , b ef o r e t h e elast ic t h eo r y  can  be f u l l y  

ap p l ied  to t he design  o f  f lex ib le p avem en t s.

T h e  A A SH O  r o ad  t est  (L i d d l e ,  1 9 6 2 ) has p r o vid ed  

eq u ivalen ce f act o r s f o r  on e t yp e o f  p avem en t  st r u ct u r e 

em p lo y in g  a crushed - stone base an d  g r an u lar  sub- base laid  

on  a so i l  su b ject  t o  f r o st  act io n . I t  w as sh o w n , f o r  ex am p le, 

t h at  one ap p l icat i o n  o f  a 15,000- lb  w h eel - load  w as ap p r o x i ­

m at e ly  eq u ivalen t  t o  10 ap p l icat io n s o f  a 9 ,000 - lb  wh eel- load  

an d  5 0 ,0 0 0  ap p l icat io n s o f  a 1,000- lb w h eel - load . I t  is ver y  
u n l ik el y , h o w ever ,  t h at  t he sam e eq u iva len ce f act o r s w o u ld  

ap p ly  t o  p avem en t s w i t h  b ou n d  bases as ap p ly  t o  t hose w i t h  

u n b o u n d  bases an d  t h is is a m at t er  w h ic h  needs f u r t h er  

in vest ig at io n . A  r o ad  m ach in e em p lo y in g  a t r ack  110 f t  in  

d iam et er  is n o w  b ein g  used  in  Gr e a t  Br i t a i n  to co m p ar e the 

d ef o r m at io n  an d  d et er io r at io n  o f  f i ve d i f f er en t  r o ad  st r u c ­

t u res u n d er  r ep et i t io n s o f  w h eel - load  in  t he ran g e 2 ,0 0 0  to

10 .000 lb . T h e  st r u ctu r es em p lo y u n b o u n d , cem en t ed , and  

b i t um en - b ou n d  bases an d  t h ey ar e laid  on  a sub- base an d  

sub grad e, t he level  o f  t he w at e r  t ab le w i t h in  w h ich  can  be 

var ied . T h e  sect ions ar e f u l l y  in st ru m en ted  so t hat  t he stress 

an d  t r an sien t  d ef lect ion s m easu red  can  be ex am in ed  in  r e la ­

t ion  t o  elast ic t h eo r y, an d  also  t he long - t erm  p er f o r m an ce.

P E R F O R M A N C E  C R IT E R IA  F O R  P A V E M E N T S

A n y  p r o ced u r e f o r  d esig n ing  r o ad  p avem en t s im p l ies the 

ad o p t ion  o f  a c r i t e r io n  o f  p er f o r m an ce in  t erm s o f  w h ich

sat isf act o r y  b eh avio u r  an d  f a i l u r e  can  be speci f ied . T h e  

ab sence o f  d ef in i t e c r i t er ia  o f  t h is t yp e has m ad e t he co r r e la ­

t io n  o f  p avem en t  r esearch  t h r o u g h o u t  t he w o r ld  ver y  
d i f f icu l t .

T h e  p avem en t  m u st  f u l f i l  t w o  f u n ct io n s; i t  m u st  r em ain  

s t r u c t u r al ly  sound  to sat isf y  t he en g in eer , an d  i t  m u st  p r o ­

v id e a sat is f ac t o r y  r id e to  sat isf y  t he r o ad  user . T h e  r id in g  

q u al i t y  o f  a r o ad  t h at  d et er io rat es in  t he st r u ct u r al  sense 

w i l l ,  in  g ener al ,  also  d et er io r at e. H o w ev er ,  a st r u c t u r a l l y  

sound  r o ad  can  be b u i l t  w i t h  a p o o r  r id i n g  q u al i t y . I t  is c lear , 

t h er ef o r e, t h at  t he t w o  f act o r s ar e n o t  alw ay s in t erd ep en d en t . 

Fo r  evalu at in g  t he resu l t s o f  t he A A SH O  r o ad  test  t he 

A m er i can  eng in eers in t r o d u ced  t he co n cep t s o f  p resen t  

ser v iceab i l i t y  r at in g  (P. S. R . )  an d  p resen t  ser v i ceab i l i t y  ind ex  

(P. S. I . ) .  A  p an el  o f  r o ad  users t r ave l l i n g  o ver  selected  

road s in  the Un i t ed  St at es in  veh icles o f  t h ei r  o w n  ch o ice 

assessed t he ser v iceab i l i t y  o f  t hose ro ad s o n  a scale o f

0 t o  5. T h e  p an el  w er e also  al lo w ed  to in sp ect  t he p ave ­

m en t s b u t  t h e i r  f in al  assessm ent  ap p ear s t o  h ave b een  m ain ly  

a m easu re o f  t he “ r i d eab i l i t y ”  o f  t he p avem en t s. T h i s  w as 

d ef ined  as the P.S.R.  T h e  P.S. I .  w h ich  w as co r r elat ed  w i t h  

i t  w as ex p ressed  b y  m eans o f  a st at ist ical  m o d el  as a f u n ct io n  

o f  t he lo n g i t u d in al  slope var ian ce ( S F ) ,  r u t  d ep th  ( R D ),  

an d  t he p er cen t ag e o f  c r ack i n g  an d  p at ch in g  p resen t  (C  +  

P). T h i s  in d ex  w as used  to  d escr ib e t he co n d i t io n  o f  the 

ex p er im en t al  p avem en t s d u r in g  t he r o ad  test .

T h e  basis f o r  t he st at ist ical  m o d el  used  to r elat e P.S.R.  

an d  P.S. I .  is no t  co m p let ely  c lear , sin ce t he ro ad s on w h ich  

t he o r ig in a l  su r vey  w as car r i ed  ou t  ap p ar en t ly  ex h ib i t ed  no  

t r an sver se d ef o r m at i o n  an d  t he RD  t erm  d id  no t  ap p ear  

in  t he o r i g in al  m o d el  ( A A SH O  Rep o r t  N o .  5, 1 9 6 2 ).  T h i s  

f ac t o r  w as in  f act  in t r o d u ced  lat er  w h en  i t  w as f ou n d  t hat  

t he A A SH O  p avem en t s ex h ib i t ed  co n sid er ab le r u t t in g . A p ar t  

f r o m  th is d i f f i cu l t y , h o w ever , i t  ap p ear s ver y  u n w ise to 

at t em p t  t o  use on e c r i t e r io n  to  co ver  b o t h  r id i n g  q u al i t y  

an d  st r u ct u r al  co n d i t io n  since su ch  a cr i t e r io n  is u n l ik el y  

to be co m p let ely  sat isf act o r y  in  d escr ib in g  ei t h er  st r u ct u r al  

co n d i t i o n  o r  su r f ace ch ar act er ist ics.

Pr esen t  Br i t i sh  p r act i ce is t o  d ef ine st r u ct u r al  p er f o r m an ce 

o f  f lex ib le p avem en t s in  t erm s o f  the t o t al  d ef o r m at io n  
in  t he w h eel - t rack s an d  t he d eg ree o f  cr ack in g , an d  to 

d ef ine r id in g  q u al i t y  sep ar ately  in  t erm s o f  an  i r r eg u lar i t y  

index . St r u c t u r a l  r ep ai r s (ap ar t  f r o m  su r f ace t r ea t m en t ) 

ar e n o r m a l l y  r eg ard ed  as n ecessar y w h en  t he t o t al  d ef o r m a ­

t ion  in  t he w h eel - t rack s r each es 1 in . o r  w h en  ab o u t  50 p er  

cen t  o f  t he ar ea o f  t he w h eel - t rack s is sub ject  t o  cr ack in g  

o f  a ser ious n atu re. In  t h is co n n ect io n  i t  is in terest in g  to 

no te t h at  t he m ajo r i t y  o f  t he p avem en t s in  t he A A SH O  ro ad  

test  w h ich  d et er io rat ed  to t he f a i l u r e  level  o f  P.S. I .  =  1.5 
had  a r u t  d ep th  in  t he w h eel - t rack s (m easu r ed  u n d er  a 4- f t  

st r aig h t  ed g e) o f  0 .65  to 0 .85  in . Th ese valu es w o u ld  in  

f ac t  co r resp o n d  to  a t o t al  d ef o r m at io n  f r o m  the o r ig in al  

level  o f  ab o u t  1 in.
In  Gr ea t  Br i t a i n  r id in g  q u al i t y  is m easu red  b y  m eans 

o f  a 16- wheel p r o f i lo m et er  d escr ib ed  b y Sco t t  (1 9 4 8 ).  T h e 
n u m er i cal  assessm en t  o r  q valu e is a su m m at ion  o f  t he size 

an d  n u m b er  o f  lo n g i t u d in al  i r r eg u lar i t ies o f  t he r o ad  su r face 

ex p ressed  in  inches p er  m i le. A l l  un even n ess o f  less t han

0.1 in . am p l i t u d e is ig no red  to el im in at e an y co n t r i b u t io n  o f  

co arse su r f ace t ex t u r e w h ich  w o u ld  n o t  in f lu en ce r id in g  
q u al i t y . Sa t i sf ac t o r y  co r r el at i o n  b et w een  q va lu e an d  r id in g  

q u al i t y  assessed su b ject ively  b y  a r o ad  u ser  p an el  has been 

o b t ain ed  on  Br i t i sh  road s. T h e  classi f i cat io n  is g iven  in  

T ab le  I,  in  w h ich  r o u g h o m et er  valu es u sing  a m ach in e based  

o n  t he A m er i can  Pu b l i c  Ro ad s Asso ciat io n  m ach in e ar e 

also  in clu d ed  f o r  co m p ar iso n .
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TABLE I. CORRELATION BETWEEN IRREGULARITY INDEX AND RIDING 
QUALITY

Ir r eg u lar i t y  index
(in. / m i le)

Pro f i lom eter Roughom eter
Î r Descr ip t ion  of  r id ing  q u al i t y

< 75 < 130 Good or bet ter
75- 130 130- 180 Fa i r l y  good to ver y fair

130- 200 180- 240 Ind i f f eren t  to rather  poor
> 200 > 240 Poor  to bad (deserves rem edial t reat ­

m ent )

T h e  f u n ct io n  slop e var ian ce ( S F )  used  in  assessing  t he 

A A SH O  r o ad  test  w h en  d er ived  f r o m  p r o f i lo m et er  r eco rd s 

sh ow s r easo n ab le co r r e la t io n  w i t h  t he q va lu e f o r  t he w i d e 

r an g e o f  p avem en t  t yp es in clu d ed  in  t he A l c o n b u r y  H i l l  

ex p er im en t  r e f er r ed  to la t er  in  t h is p ap er . I t  w o u ld  seem  

r eason ab le t h er ef o r e t o  r eg ar d  t he Ch lo e t yp e p r o f i lo m et er  

used  in  the A A SH O  ex p er im en ts an d  t he m u l t i - w h eel p r o ­

f i lo m et er  as al t e r n at ive m eth od s o f  assessing  r id in g  q u al i t y .

T h e  q u est ion  o f  w h et h er  a co m b in ed  ser v iceab i l i t y  in d ex  
in vo lv in g  r id i n g  q u al i t y  an d  s t r u ct u r al  co n d i t io n  sh ou ld  be 

m o r e w id e l y  ad op t ed  is c le a r ly  on e w h ic h  r eq u i r es ear ly  
co n sid er at io n .

F U L L - SC A L E PA V EM EN T  D ESIG N  E X P E R I M E N T S

Ex p er im en t a l  p avem en t s b u i l t  in t o  n ew  h i g h w ays ser ve 

a d u al  p u rp o se in  r e lat io n  t o  r o ad  resear ch . T h e y  f u r n ish  

d i r ect  ev id en ce o n  w h ich  t o  base stan d ar d s o f  design  f o r  

t he p ar t i cu la r  t yp e o f  r o ad  u n d er  in vest ig at io n , an d  i f  ad e ­

q u at el y  in st r u m en t ed  an d  o b ser ved  t h ey p r o v id e t he d et ai led  

in f o r m at io n  r eq u i r ed  t o  ch eck  t h eo r ies o f  p avem en t  design . 

T w e l v e  ex p er im en t al  r o ad s o f  t h is t yp e h ave b een  co n ­

st r ucted  in  Br i t a i n .  Th ese ex p er im en ts co ver  ab ou t  10 m i les 

o f  h eav i l y  t raf f i ck ed  ro ad . In  ad d i t io n  r eg u lar  o b ser vat io n s 

w er e m ad e o n  t he p er f o r m an ce o f  a n u m b er  o f  non- ex per i-  

m en t a l  r o ad s co n st r u ct ed  d u r i n g  t he p ast  t en  year s. T h e  

resu l t s o f  t h r ee ear ly  ex p er im en ts w er e  d iscussed  p r ev io u s ly

(C r o n e y  an d  Sal t ,  1 9 6 1 ).  I t  is p rop osed  t o  co n sid er  o n ly  
t he in f o r m at io n  o b t ain ed  so f a r  f r o m  t he m a jo r  ex p er im en t  

at  A l c o n b u r y  H i l l ,  Hu n t in g d o n sh i r e,  w h ic h  has b een  u n d er  
o b ser vat io n  f o r  o ver  6 year s.

A t  t h is si t e 33 f lex ib le sect ions w er e  la id  o n  o n e car r i ag e ­
w ay  o f  a n ew  d u al  car r i ag ew ay  r o ad . D et a i l s  o f  t he t yp es 

an d  t h ick n esses o f  st r u ct u r e used  ar e g iven  in  Fig .  1. T h e  

so i l  alo n g  t he si t e w as a h eavy  c la y  h avin g  p ock et s o f  a 

l i g h t e r  b o u ld er  c lay,  t he eq u i l ib r i u m  C a l i f o r n i a  b ear in g  

r a t io  r an g in g  f r o m  3 t o  5 p er  cen t .

A  f in e sand  sub- base (o f  p ar t i c le  size d i st r ib u t io n  b et w een  

N o .  2 0 0  an d  N o .  72 Br i t i sh  St an d ar d  s ieve) w as used  an d  

t he f o r m at io n  o f  each  sect io n  w as slop ed  t o  g ive a t h ick n ess 

o f  sub- base v ar y in g  alo n g  t he sect ion  in  t he m an n er  sh o w n  

in  Fig .  1. T h e  sect ions w er e  ei t h er  150 o r  2 0 0  f eet  long . 

T h e  in-situ C .B. R.  valu e o f  t he sand  sub- base as p laced  w as 

g en er al l y  b et w een  2 0  an d  30  p er  cen t , t he co r r esp o n d in g  

lab o r at o r y  C .B. R.  valu es b ein g  ab o u t  10 p er  cen t  h ig h er . 

In  p r act ice t h is sand  p r o ved  d i f f i cu l t  to co m p act ; an  averag e 

d r y  d en si t y  o f  ab ou t  98 lb / cu .f t .  w as o b t ain ed  at  an  aver ag e 

m o ist u r e co n t en t  o f  ab o u t  11 p er  cen t .

T h e  w et - m ix  bases w er e m ad e w i t h  a g rad ed  slag  o f  2  in . 

m ax im u m  size m ix ed  w i t h  6 p er  cen t  o f  w at er . T h e  m at er i a l  

w as co m p act ed  in  3- in. layer s t o  an  aver ag e d r y  d en sit y 

o f  135 lb / cu .f t .

T h e  f in e sand  used  f o r  t he sub- base w as m ix ed  w i t h  8 p er  

cen t  o f  Po r t la n d  cem en t  t o  p r o v id e t he so i l - cem en t  bases. 

T h e  aver ag e f ield  st r en g t h  at  7 d ays w as ab ou t  140 lb / sq . in . 

Fo r  t he lean - co n cret e bases an  ag g regate w as used  o f  m ax i ­

m u m  size 1/2 in . T h e  m ix  p r o p o r t io n  used  w as 1 :1 5  w i t h  

a w at e r  co n t en t  o f  5 p er  cen t . T h e  aver ag e co m p ressive 

st r en g t h  at t ain ed  w as 2 7 5 0  lb / sq . in . at  28 d ays.

T h e  t ar m acad am  bases w er e  o f  t he op en - t ex tu red  t yp e 

m ad e f r o m  cr u sh ed - ro ck  ag g reg ate o f  m ax im u m  size 1/2 in . 

T h e  t a r  con t en t  w as 2 t o  3 p er  cen t  b y  w eig h t  an d  t h e v is ­

co s i t y  5 0 ° e.v.t .  T h e  r o l led - asp h al t  bases w er e  la id  w i t h  

b ase- course m at er i a l  co n f o r m in g  t o  B.S.  5 9 4 : 1950, T ab le  I,  
Sch ed u le 4.

T h e  w ear i n g  cou rse o f  t he asp h al t  su r f aci n g  co m p l ied  t o

4 - in  t w o - c o u r s e  r o l l e d  o s p h o l t  ( B o s e - a

W e t - m i x  s i o q

1.7 1 - 6

0 - 4 1
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B.S.  5 9 4 : 1950, T ab le  V ,  Sch ed u le  1, stone con t en t  35 p er  

cen t , 4 0  to  60  p en . lak e asp h al t / asp h al t ic b i t u m en  m ix t u r e. 

T h e  asp h al t  b ase- course w as o f  t he sam e m at er i al  used  f o r  

t he asp h al t  bases r e f er r ed  t o  ab o ve. T h e  base- course o f  t he 

t w o - cou rse op en - t ex tu red  b i t u m en  m acad am  su r f acin g  co m ­

p l ied  t o  B.S.  162 1 : 1964, T ab le  I I I ,  1/ 2- in. n o m in al  size 

sing le- cou rse m at er i a l ;  b in d er  300  p en . b i t u m en . T h e  w ear ­

in g  cou rse w as t o  t h e sam e stan d ar d , T ab le  IV ,  / i- in. 

n o m in al  size; b in d er  300  p en . b i t u m en .

T h e  p er f o r m an ce o f  t he p avem en t s used  in  t he A l c o n b u r y  

H i l l  ex p er im en t  has b een  assessed b y :  (a) r eg u lar  m easu r e ­

m en t s o f  t he t ran sver se d ef o r m at io n  w h ic h  has o ccu r r ed  

u n d er  t raf f ic m ad e b y  t he o p t i cal  level l in g  o f  t r an sver se r o w s 

o f  m et al  studs set  in t o  t he r o ad  su r f ace at  1- ft  in t er vals 

across t he car r i ag ew ay ;  ( b ) r eg u lar  d et ai led  in sp ect ion s to 

s t u d y t he d evelo p m en t  o f  c r ack in g  an d  o t h er  f au l t s; (c )  

r eg u lar  m easu r em en t s w i t h  t he d ef lect ion  (Ben k e lm an ) b eam .

In  ad d i t io n , gauges w er e  in st al led  in  cer t ai n  sect ions to 

d et er m in e t he p r o p o r t io n  o f  t h e m easu r ed  t o t al  d ef o r m at i o n  

t h at  o ccu r r ed  in  t he var io u s  layer s o f  t h e st r uctu r es. So m e 

p ressu re gauges w er e also  b u i l t  in t o  t he sub g r ad e t o  m easu r e 

su b g r ad e st resses. M easu r em en t s o f  t he w ater - t ab le level  

al o n g  t he si t e h ave sh o w n  t h at  i t  var ies  b et w een  d ep th s o f  

1 f t  (w i n t e r ) t o  3 f t  (su m m er ) b elo w  t he p avem en t  level  

at  t he n ear sid e verg e. Ax le- lo ad s u sin g  t he p avem en t s ar e 

m easu r ed  o n  an  elect r o n ic  w eig h b r id g e in co r p o r at ed  in  t he 

ex p er im en t . T h e  t raf f ic at  t he sit e is v e r y  h eavy  an d  in clu d es

4 ,0 0 0  co m m er c ia l  veh i cles p er  d ay  (t w o - w ay  f l o w ).

O n  t he sect ion s w i t h  2/1-  an d  4- in. su r f acin g s t he c r i t e r io n  

u sed  f o r  j u d g in g  p er f o r m an ce has b een  t h e d ef o r m at i o n  in  

t he n ear sid e w h eelp at h  (3  t o  4  f t  f r o m  the n ear sid e ver g e) 

w h er e  ex p er ien ce show s d ef o r m at i o n  is al w ays  g reatest . 

Fa i l u r e  is ad ju d g ed  t o  h ave o ccu r r ed  w h en  t h e d ef o r m at io n  

reach es 1 in . O n  som e o f  t he sect ions w i t h  1%- in. asp h al t  

su r f acin g s severe c r ack in g  an d  b reak - u p  o f  t h e su r f acin g  

o ccu r r ed  b ef o r e v e r y  ser io u s d ef o r m at i o n  w as ap p ar en t  and  

f o r  t hese sect ions c r ack in g  w as t ak en  as t he f a i l u r e  cr i t er io n . 

O f  t he 33 sect ions 13 f ai led  in  t he slo w  lan e d u r in g  t he 

f i r st  6 year s ’ t raf f i c; d et ai ls o f  t hese ar e g iven  in  Fig .  1. T h e  

f ig u r e also  shows t he aver ag e d ef o r m at i o n  in  t h e n earsid e 

w h eelp at h  o f  t he slo w  lan e f o r  t hose sect ions st i l l  in  serv ice 

a f t er  6 year s. ( I n  g en er al  d ef o r m at i o n  in  t he f ast  lan e, w h ich  

car r ies o n ly  ab ou t  10 p er  cen t  o f  t he co m m er c ia l  veh icles, 

has b een  sm al l  an d  r ep lacem en t  o f  t he slo w  lan e o n ly  has 

b een  n ecessar y, ex cep t  o n  on e sect ion  w i t h  a t h in  su r f ac in g .)

O n  t he basis o f  t h e n u m b er  o f  sect ions r eco n st r u ct ed  it  

is c lear  t h at  t he t yp e o f  m at er i a l  used  in  t he b ase and  

su r f acin g  has h ad  a p r o f o u n d  in f lu en ce o n  p er f o r m an ce f o r  

t he co n d i t io n s at  t h is site. Si x  o f  t he seven  sect ions h ave 

b een  r ep laced  w i t h  t h e st ab i l iz ed  sand  base, f o u r  o f  t he seven 

sect ion s w i t h  t he w et - m ix  slag  base, an d  t w o  o f  t he seven 

sect ion s w i t h  t he lean - co n cret e base. N o  r ep lacem en t s h ave 

b een  n ecessary o n  t he sect ions w i t h  r o l led  asp h al t  o r  t a r ­

m acad am  bases al t h o u g h  cer t a in  o f  t he lat t er  ar e n o w  co n ­

s id er ab ly  d ef o r m ed . T h e  best  p er f o r m an ce has b een  g iven  

b y t he sect ions con sist in g  o f  a 6- in. b ase o f  r o l led  asp h al t  

o r  a 9- in. base o f  lean  co n cr et e u n d er  a 4- in. r o l led  asp h al t  

su r f acin g .

A cco r d in g  t o  t he m et h o d  o f  f lex ib le p avem en t  design  at  

p resen t  in  use in  Gr e a t  Br i t a i n ,  2 4  in . o f  co n st r u ct io n  w o u ld  

h ave been r eq u i r ed  o n  t h e so i l  at  t h is si t e assu m in g  an  

aver ag e C .B. R.  va lu e o f  4  p er  cen t . T h i s  w as t he t h ick n ess 

used  at  t he en d  o f  each  sect ion  w h er e t he sub- base w as 

t h ick est . A t  t he o t h er  en d  o f  t he sect ions t he t o t al  t h ick n ess 

o f  co n st r u ct io n  w as o n ly  ab o u t  h a l f  t h is valu e. T h e r e  is no  

n o  c lear  ev id en ce f r o m  t he resu l t s to suggest  t h at  in cr easin g

t he t h ick n ess o f  sub- base im p r o ved  t he p er f o r m an ce. O f  

t he 13 sect ions w h ic h  f ai l ed  an d  w er e r ep laced  in  t he 

s lo w  t r af f ic lan e (i n c lu d in g  t he on e in  w h ich  t he 4- in. asp h al t  

su r f acin g  w as laid  d i r ec t l y  o n  t he sand  su b - b ase), seven  

h ad  d ef o r m ed  at  t h e t h ick  en d  at  t he t im e o f  f ai lu r e , an d  

six  at  t he t h i n  end . T r an s ien t  d ef lect ion  u n d er  h eavy  w h eel ­

load s, as o b ser ved  b y  t he d ef lect io n  b eam , t en d ed  t o  be 

g reatest  at  t he t h in  end s p ar t i cu la r l y  f o r  t h e w eak er  sect ions 

an d  t h er e w as r a t h er  c lear er  ev id en ce o f  a t en d en cy f o r  

c r ack in g  t o  o r ig in at e f ir st  at  t he t h in n er  ends.

T h e  gauges used  t o  m easu re t he p er m an en t  d ef o r m at i o n  

in  t he var io u s  layer s  o f  som e o f  t he p avem en t s sh o w ed  t h at  

d ef o r m at i o n  o f  t he su b g r ad e w as b y  n o  m ean s t h e m ajo r  

f ac t o r  in  t he t o t al  d ef o r m at io n s m easu red . W h e r e  t he p ave ­

m en t  w as w eak ,  e.g. t he 4- in. b i t u m en  m acad am  su r f acin g  

o n  a 6- in. w et - m ix  slag  base, o r  t he 4- in. r o l led  asp h al t  

su r f aci n g  la id  d i r ec t l y  on  t he sand  sub- base, ab ou t  on e- h al f  

t he d ef o r m at i o n  o ccu r r ed  in  t he su b g r ad e, b u t  f o r  t he o t h er  

p avem en t s t he layer s co n t r ib u t ed  ap p r o x im at e ly  eq u a l ly  to 

t he d ef o r m at io n . In  t he one in st r u m en t ed  sect ion  w h ich  has 

r em ain ed  in  good  co n d i t io n , al t h o u g h  u n d er d esig n ed , t he 

su b g r ad e m o vem en t  r ef lect ed  o n ly  ch an g es in  w ater - t ab le 

levels an d  n o  d ef o r m at i o n  d u e t o  t r af f ic w as r eco r d ed , co n ­

f i r m in g  t he ex p er im en t al  ev id en ce o f  t he rep eat ed  t r i ax ial  

tests a l r ead y  m en t io n ed .

T h e  b eh avio u r  o f  t he p avem en t s is q u al i t a t iv e ly  in  ag r ee ­

m en t  w i t h  t h at  ex p ect ed  f r o m  the m u lt i - layer  elast ic t h eo r y. 

Fo r  ex am p le, in  t he sect ion  w i t h  6- in. w et - m ix  slag  bases 

t he use o f  a 4- in. asp h al t  su r f acin g  o f  h ig h  elast ic m o d u lu s 

g ave r ise t o  lo w er  base, sub- base, an d  su b g r ad e st resses an d  

d ef o r m at io n s t h an  w as t he case w h er e t he lo w er  m o d u lu s 

b i t u m en  m acad am  su r f aci n g  o f  t he sam e t h ick n ess w as used. 

O n  t he o t h er  h an d , in  t he sect ions w h er e t he lean  co n cr et e 

bases o f  v e r y  h ig h  elast ic m o d u lu s w er e em p lo yed  t he 

t yp e o f  su r f acin g  h ad  m u ch  less in f lu en ce o n  t he st resses 

an d  d ef o r m at io n  in  t he layer s b elow . T h e  ex cel len t  p er ­

f o r m an ce o f  t he r o l led  asp h al t  bases is p r o b ab ly  associat ed  

w i t h  t he r e la t iv e l y  h ig h  elast ic m o d u lu s co m b in ed  w i t h  t he 

ab i l i t y  o f  t h is m at er i a l  t o  accep t  co m p ar a t i ve ly  lar g e t en si le 

st r ain s w i t h o u t  cr ack in g .  Cem en t ed  m at er ials w h i l e  t h ey m ay  

h ave a m u ch  h ig h er  elast ic m o d u lu s t h an  r o l led  asp h al t  

c r ack  at  lo w er  t en si le st r ain  levels. In  t h is ex p er im en t  a 

3- in. asp h al t  base has p er f o r m ed  sat is f ac t o r i l y  w i t h o u t  

c r ack in g  w h i l e  a t h ick n ess o f  lean  co n cr et e o f  b et w een  6 

an d  9 in . w as n ecessary u n d er  t he sam e co n d i t io n s to ensu re 

t hat  r ap id  d et er io r at io n  d u e to c r ack in g  d id  no t  o ccu r . 

(M easu r em en t s  w i t h  t he d ef lect ion  b eam  d id  in  f ac t  in d icat e 

som e slo w  p r og ressive c r ack in g  even  w i t h  t he 9- in. base 

al t h o u g h  cr ack s  t h r o u g h  t h e su r f acin g  h ave n o t  b ecom e 

ap p ar en t .) A  t h ick n ess o f  9 in . o f  t he cem en t - st ab i l i zed  

sand  w as in su f f icien t  t o  p r even t  p ro g r essive c r ack in g  u n d er  

the sam e ci r cu m st an ces.

D EFLEC T IO N  STUDIES

In  t he ab sen ce o f  en o u g h  ad eq u ate in f o r m at io n  on  elast ic 

an d  f at ig u e p r o p er t ies o f  r o ad  m at er ials to p er m i t  a t r u ly  

an aly t ica l  ap p r o ach  t o  p avem en t  p er f o r m an ce, an  em p i r i ca l  

evalu at io n  o f  p er f o r m an ce r elat ed  to t he easi ly  m easu red  

p avem en t  p ar am et er  o f  r o ad  su r f ace d ef lect ion  is b eing  

car r i ed  o u t  in  t he U n i t ed  K i n g d o m  u sin g  t he Ben k e lm an  

d ef lect io n  b eam  test  in  w h i ch  t he d ef lect io n  o f  t he r o ad  

su r f ace cau sed  b y  a d u al  w h eel - load  o f  7 ,0 0 0  lb . is m easu r ed  

using  a st an d ar d iz ed  ro u t in e.

In  p avem en t s in  w h ic h  t he base is t he m ain  st r u ct u r al  

co m p o n en t , t h e t yp e o f  base m at er i a l  an d  t he in t en si t y  

o f  co m m er c ia l  t raf f i c ar e t he d o m in an t  f act o r s in f lu en cin g
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f i g . 2. Relat io n  between cr i t ical  def lect ion and cum u lat ive t raf f ic 
f o r  roads w i th  crushed- stone bases.

t he m ag n i t u d e o f  d ef lect io n  cr i t er ia . Fig .  2 show s t he z one 

w i t h in  w h i ch  l ie c r i t e r io n  cu r ves r elat ed  to  t he cu m u lat i ve  

t o t al  o f  co m m er c ia l  veh icles o b t ain ed  on  a larg e n u m b er  

o f  ex p er im en t al  t r u n k  r o ad s in co r p o r at in g  crushed- stone 

bases. T h e  p o si t io n  o f  a cu r ve w i t h in  t h e z on e is g over n ed  

b y su b g r ad e st reng t h  t yp e an d  t h ick n ess o f  su r f ace an d  base 

t h ick n ess. Resu l t s o b t ain ed  at  A l c o n b u r y  H i l l  ar e su p er ­

im p o sed . Fe w  f ai lu r es w i t h  b i t u m in o u s- b o u n d  bases h ave 

so f a r  b een  r eco r d ed  b u t  t he avai lab le  i n f o r m at io n  suggests 

c r i t e r i a  o f  t he sam e size.
O n  r o ad s co n st ru ct ed  w i t h  cem en t ed  bases t he size o f  an y 

c r i t e r i o n  d ep end s on  w h et h er  t he p avem en t  is cap ab le o f  

c a r r y in g  t r af f ic sat is f ac t o r i l y  w i t h  t h e b ase in  a cr ack ed  

co n d i t io n . D ef lec t io n  o f  less t h an  0 .0 1 2  in . ar e associat ed  

w i t h  t he sat isf act o r y  p er f o r m an ce o f  su ch  bases f o r  t raf f i c 

o f  up  t o  5 X  1 0 - u  veh icles. O n  bases w h ic h  r eq u i r e  t o  be 
su b st an t ial ly  u n cr ack ed  d ef lect ion s o f  less t h an  0 .0 0 5  in . are 

f o u n d  t o  co r r esp o n d  t o  t h is co n d i t io n . T h e  m easu r em en t  

o f  d ef lect ion s o f  t h is size does n o t  n ecessar i ly  p r ec lu d e t he 

d evelo p m en t  o f  c r ack in g  at  a la t er  d at e b u t  does in d icat e

t h at  ear l y  f a i l u r e  is u n l i k e ly  b ecau se t he onset  o f  m ajo r  

c r ack in g  o f  t he base can  al w ays  be d et ect ed  as a co n sid er ab le 
in cr ease in  d ef lect ion .
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